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Abstract

This document presents the adopted record of the Fifteenth Meeting of the
Scientific Committee for the Conservaion of Antarctic Marine Living
Resources held in Hobart, Austrdia, from 21 to 25 October 1996. Mgjor
topics discussed a this meeting indude  the CCAMLR  ecosystem
monitoring program, krill, fish, crab and squid resources, marine mamma
and bird populations, assessment of incidental mortdity, ecosystem
monitoring and management, and management under conditions of
uncertainty. Reports of meetings and intersessond activities of subddiary
bodies of the Scientific Committeg, including the Working Groups on
Ecosystem Monitoring and Management and on Fish Stock Assessment,
are appended.
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REPORT OF THE FIFTEENTH MEETING
OF THE SCIENTIFIC COMMITTEE
(Hobart, Australia, 21 to 25 October 1996)

OPENING OF THE MEETING

1.1  The Scentific Committee for the Conservation of Antarctic Marine Living Resources met
under the Chairmanship of Dr K.-H. Kock (Germany) from 21 to 25 October 1996 at the Wrest
Point Hotel, Hobart, Australia

1.2  Representatives from the following Members attended the meeting:  Argenting, Audrdia,
Begium, Brazil, Chile, European Community, France, Germany, India, Itay, Japan, Republic of
Korea, New Zealand, Norway, Poland, Russian Federation, South Africa, Spain, Sweden, Ukraine,
United Kingdom of Greset Britain and Northern Irdland, United States of America and Uruguay.

1.3  The Charman noted that Uruguay had become a full Member of the Commisson since the
last mesting.

1.4  The Chairman welcomed to the meeting observers from Finland, Greece, the Antarctic and
Southern Ocean Codlition (Asoc), the Commission for the Conservation of Southern Bluefin Tuna
(ccsBT), the Intergovernmental Oceanographic Commission (oc), and the Internationd Whaing
Commission (Iwc) and encouraged them to participate in the meeting as appropriate.

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

1.6  Thefollowing rapporteurs were gopointed to prepare the report of the Scientific Committee:

» Prof. G. Duhamd (France), Fishery Status and Trends,

*  MrT. Ichii (Japan), Species Monitored in the CCAMLR Ecosystem Monitoring Program;
* DrJ Croxdl (UK), Assessment of Incidental Mortality;

* DrR Holt (UsA), Marine Mamma and Bird Populations;

* Dr S Nicol (Audrdia), Krill Resources;

*  Prof. J. Beddington and Dr G. Parkes (UK), Fish Resourcesin Area 48;

*  MrR Williams (Ausgtraia), Fish Resourcesin Areas 58 and 88;

» Lic. E Marschoff (Argenting), Fish Resources— Generd;

* Dr G. Watters (Usa), Crab Resources,



* Drl. Everson (UK), Squid Resources,

* Dr G. Kirkwood (UK), Ecosystem Monitoring and Management;

e Dr W. delaMare (Audrdid), Management under Conditions of Uncertainty about
Stock Size and Sugtainable Yidld;

* DrD. Miller (South Africa), Scientific Research Exemption;

*  DrP. Penhale (usa), New and Exploratory Fisheries,

» Dr E. Bdguerias (Spain), CCAMLR Data Management;

»  Dr B. Fernholm (Sweden), Cooperation with Other Organisations, and

»  Secretariat, al other matters.

Adoption of the Agenda

1.7  The Provisond Agenda had been circulated prior to the meeting and was adopted without
amendment (Annex 3).

Report of the Chairman

1.8  The Charman noted that Members had continued their work during the intersessiond period
with severd mesetings taking place. The Chairman expressed his gratitude to Norway for hosting the
meeting of WG-EMM and the Subgroup on Monitoring Methods.

1.9  The second meeting of WG-EMM was held from 12 to 22 August 1996 in Bergen, Norway,
and was chaired by its Convener, Dr Everson. Two subgroups associated with this Working Group
aso met during the intersessona period:

() the Subgroup on Statistics met in Cambridge, UK, from 7 to 9 May 1996 under the
convenership of Dr D. Agnew (Data Manager); and

(i)  the Subgroup on Monitoring Methods met in Bergen, Norway, from 8 to 10 August
1996, prior to the WG-EMM meeting. It was convened by Dr K. Kerry (Australia).

1.10 WGFSA met in Hobart, Audtrdia, from 7 to 16 October 1996, and was chaired by its
Convener, Dr delaMare.



1.11 Therewas no meeting of ad hoc WG-IMALF. Aswas the case in 1995, a coordinating group
conducted its work by correspondence during the intersessond period and its report was
consdered during WG-FSA.

1.12 The Chairman expressed his thanks to conveners, Members, rapporteurs and the Secretariat
for contributing to the success of these meetings.

1.13 Thereport of WG-EMM is atached as Annex 4 and that of WGFsA as Annex 5.

1.14 In the 1995/96 season, it was a requirement of Conservation Measure 93/X1Vv that an
observer designated under the Scheme of International Scientific Observation be on board each
vesd fishing for Dissostichus eleginoides in Subarea 48.3. The Chairman reported that, in
accordance with this requirement, Argentina, Chile, Germany, Russa and Ukraine had designated
observers.

1.15 The Charman advised that during the intersessona period there had been fisheries for D.
eleginoides in Subarea 48.3 and Divison 585.1 (around Kerguden), for krill in Subareas48.1,
48.2 and 48.3 and for crab in Subarea 48.3.

1.16 There was no reported fishing for Electrona carlsbergi or Lepidonotothen squamifrons
athough fisheries for these species were open in the 1995/96 season. There was aso no reported
fishing, dthough limited TACs were in place, for Champsocephalus gunnari in Subarea48.3 and
Divison 585.2, for D. eleginoides in Subarea 48.4 and Divison 58.5.2, or for D. eleginoides or
D. mawsoni in Divison 58.4.3.

1.17 The Scentific Committee was represented as an obsarver a the following internationd
meetings during the intersessond period:

»  Kiill Harvesting Workshop (14 to 16 November 1995, Vancouver, Canada) — Dr D.
Agnew (Data Manager);

* CCsBT Ecologicdly Related Species (ERS) Working Group (18 to 20 December 1996,
Weélington, New Zedland) — Dr N. Hermes (Australia);

*  SCAR-COMNAP — Second Environment Workshop (25 to 29 March 1996, Texas, USA)
— Dr Agnew;



» IwcC Steering Workshop on Effects of Climate Change on Cetaceans (March 1996,
Hawalii, usa) — Dr K.-H. Kock (Chairman, Scientific Committee);

e 1996 Annud Mesting of the Iwc Scientific Committee (5 to 17 June 1996, Aberdeen,
UK) — Dr Kock;

* ICCAT Tuna Symposum (10 to 18 June 1996, San Migud Is, Azores, Portugd) —
Spain;

* APIS Planning Meeting (29 to 31 July 1996, Cambridge, UK) — Dr |. Boyd (UK);
* CSEASIZ (August 1996, Cambridge, UK) — Dr M. Fukuchi (Jgpan);

* XXIV SCAR (4 to 16 August 1996, Cambridge, UK) — Dr J. Croxdl (UK) (birds), Dr D.
Miller (South Africa) (GossoE) and Dr J. Bengtson (UsA) (sedls);

* Frg South Ocean Forum and Sixth Session of the 10Cc Regiond Committee for the
Southern Ocean (9 to 13 September 1996, Bremerhaven, Germany) — Dr Kock;

e Third Internationa Penguin Conference (2 to 6 September 1996, Cape Town, South
Africd) — Dr K. Kerry (Augrdia); and

* XXl Generd Mesting of SCOR (16 to 20 September 1996, Southampton, UK) — Dr J.

Priddle (UK).

FISHERY STATUSAND TRENDS
Krill
2.1  Catchesreferred to in this agendaitem are reported catches.

2.2  The catch of krill (Euphausia superba) for the 1995/96 season totalled 101 707 tonnes
(SC-CAMLR-XV/BG/1 Rev.2), i.e. 14% less than the 1994/95 figure (118 712 tonnes). Thistotd is
amost exclusvely made up of catches taken by Japan, Poland and Ukraine (Tables1 and 2). The
magjority of catches were taken in Subareas 48.1 and 48.3, with some aso being taken in Subarea
48.2. No commercia catches were taken in Areas 58 and 88.



Table 1 National krill catches (in tonnes) since 1987/88 based on STATLANT returns.

Country Split-year
1988 1989 1990 1991 1992 1993 1994 1995 1996

Chile 5938 5329 4500 3679 6065 3261 3834
Germany 396
Japan 73112 78928 62187 67582 74325 59272 62322 60303 60546
Latvia 71
Republic

of Korea 1525 1779 4039 1210 519
Panama 141 495
Poland 5215 6997 1275 9571 8607 15909 7915 9334 20610
USSR** 284873 301498 302376 275495
Russia 151725 4249 965
South Africa 2
Ukraine 61719 6083 8852 48334 20056
Total 370663  3M531 374773 357537 302960 83774 83961 118712 101707

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

** Although the formal date for the dissolution of the USSR was 1 January 1992, for comparative purposes

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

30 June 1992.

Table2: Total krill catch (in tonnes) in 1995/96 by area and country. The catch for 1994/95 is indicated in

brackets.
Subarea Japan Panama Poland Ukraine Total
/

Division
48.1 45719  (29070) 14927  (1278) 1738 (4677)| 62384  (35025)
482 4 (10216) 24 (6563) 2706  (320%4) 2734 (48833
48.3 14823  (19751)| 495 (141 5659  (1543) 15612  (12155)| 36589  (33590)
58.4.1 (1266) (1266)

Total 60546  (60303) 495 (141 20610  (9384) 20056  (48886)( 101707 (118714)

2.3 Dr Holt enquired whether dl Panama s catches were included in the table. The Secretariat
explained that it had no additiond information but that an officid enquiry about these data would be
made to Panama. It stressed, however, that it is difficult to obtain data from a non-Member country.

24 It gpopeared ds0o that the survey catches reported by India from Area 58 are not included in
Tables1 and 2. The Secretariat was requested to contact India regarding these catches.

25 A summay of information provided by Members on their plans for krill fishing in 1996/97 is
presented in Table 3.



Table 3: Plansfor krill fishing by CCAMLR Members for the 1996/97 fishing season.

Member Harvesting Compared to Preferred Planned Fishing
1995/96 Fishing Area Effort (Vessels)
Japan yes = 481 4
Poland yes = ? 4
Ukraine yes = ? ?
Russia no
Chile no

2.6  Dr Holt indicated that the usa expressed an interest in fishing for krill, athough at present no
actud plan had been formulated. Furthermore, information had been received a the WG-EMM
mesting that Canadamay be interested in fishing for krill for usein the fish farming industry.

2.7  Other comments on the development of the krill fishery are contained in paragraphs 11.22 to
11.25.

Fish

2.8  Thetotd reported catch of finfish in the Convention Area in 1995/96 was 8 805 tonnes
(Table 4), mainly (99 %) D. eleginoides (8 739 tonnes). The mgority of catches were made by
Chile and France in Subarea 48.3 and Divison 58.5.1 respectively. The totd catch was less than
that declared in 1994/95 because there was no fishery for C. gunnari.

Table 4. National finfish catches (in tonnes) since 1987/88 based on STATLANT returns.

Country Split-year*
1988 1989 1990 1991 1992 1993 194 1995 1996

Argentina 9 867 107
Australia 4 2
Bulgaria 114 220 70 177
Chile 2017 2125 150 184 3092
FRG 12
France 483 587 579 1576 1589 826 4211 4173 3673
GDR 1198
Japan 263
Republic

of Korea 143 420 331
Poland 1659 12 523 11
Russia 1453 48589 281 265 11 102
Spain 35
Ukraine 240 3530 11265 2346 92 5473 1003
UK 58 4 61 9 10 6
USA 4 134
USSR** 84683 103813 46092 97240
Total 83107 104856 52238 98901 64488 5798 5798 13015 8805

* and ** Refer to footnotesin Table 1. t Recently submitted historical catch data has assigned a
proportion of the former USSR catches to Ukraine and Russia.



Table5: Total finfish catch (in tonnes) in 1995/96 by area and country. The catch for 1994/95 isindicated in

brackets.
Subarea/ | Argentina Bulgaria Chile France Japan Republic
Division of Korea
48.3 107 (867) 0 77 3092 (1894) 3Bl (420
585.1 3670 (4058)| 263 (o)}
58.6 3 (115
Total 107 (867) 0 a77) 3092 (1894)| 3673 (4173)| 263 (o)} 3Bl (420

Subarea/ Russia Ukraine USA Total
Division

483 102 (11 184 (0)] 3866 (3369)

5851 1003 (5473) 4936 (9531)

58.6 3 (115)
Total 102 (11 1003 (473)| 184 (0)] 8305 (13015)

2.9  There gppears to be a rapid expangon in the Convention Area of longline fisheries for D.
eleginoides taking place in the southwest of the Indian Ocean sector of the Southern Ocean. During
1995/96 a high level of fishing took place in previoudy unfished Subareas58.6 and 58.7. The
unreported catches in these divisons may have been as large as, or even larger than the totad catch
declared to cCAMLR. The Scientific Committee is extremely concerned about this problem and has
informed the Commission’s Standing Committee on Observation and Ingpection (Scol) accordingly.

210 Eight Members reported caiches of D. eleginoides. This shows the grest ded of interest
taken in this species, but it was noted that no catches had been reported for the four finfish fisheries
for other species for which conservation measures were in force.

211 Trends for future finfish harvesting principaly involve D. eleginoides, asis highlighted by the
number of notifications of new fisheries for this species, especidly in the Indian Ocean sector of the
Southern Ocean. Table 6 summarises Members plans for the 1996/97 season, including plans for
surveys of finfish resources.




Table6: Members' plans for finfish fisheries and surveys of fish resources for the 1996/97 season.

Member Target species Area Survey Harvesting Harvested Compared
to 1995/96
Argentina D. eleginoides 483 no yes =
All species 483 yes* no
Australia D. eleginoides, 58.5.2 no planned*
C. gunnari
D. eleginoides 584.3 no planned*
Chile D. eleginoides 483 no yes =
France D. eleginoides 585.1 no yes* =
C. gunnari 585.1 yes* no
D. eleginoides 58.6 yes no
Germany All species 481 yes* no
Japan D. eleginoides 58.6 yes no
Republic of Korea D. eleginoides 483 no yes =
New Zealand D. eleginoides 83.1 no planned
D. eleginoides 83.2 no planned
Norway D. eleginoides 486 no planned
South Africa D. eleginoides 584.3 no planned
D. eleginoides 5844 no planned
D. eleginoides 48.6 no planned
D. eleginoides 58.6 no planned
D. eleginoides 58.7 no planned
Russia D. eleginoides 483 no yes
United Kingdom All species 483 yes* no
Ukraine D. eleginoides 585.1 no yes =
L. squamifrons, 584.4 yes* yes*
D. eleginoides

* trawling operations (NB: all other fishing operations are carried out by longline)
=  samefishing effort asin the previous season

2.12 Dr Baguerias informed the Scientific Committee that Spanish companies had expressed an
interest in fishing for D. eleginoidesin Area48. Dr Holt advised that Us companies were interested
in fishing in the Convention Area, athough no actua plans have been submitted as yet. Uruguayan
fishing companies had aso expressed interest in fishing for D. eleginoides in Subarea 48.3.

213 DrT. @ritdand (Norway) stated that no fishing permits had yet been granted to Norwegian
companies and that he was particularly concerned about the repid expanson of the fishery.
Dr D. Robertson (New Zealand) advised that three New Zedland companies had expressed interest
in longlining for Dissostichus spp. in the area to the south of New Zedland both inside and outside
the Convention Area, and that one company has applied for permisson for two vessels to fish in
Subareas 88.1 and 88.2 in the Convention Area (see CCAMLR-XV/8ReV. 1).

2.14 Further discussons on fishing plans submitted under Conservation Measure 31X by
Australia, New Zealand, Norway and South Africa are reflected in section 8.



2.15 Dr Kock stated that D. mawsoni is mentioned as a future target species for these fisheries,
and that this would mean that finfish harvesting would extend to the southernmost areas. |n addition,
Dr de la Mare pointed out that catches of D. eleginoides are taken both inside and outside the
Convention Area, including areas adjacent to the Convention Area in the Indian Ocean and in the
Audrdian EEz around Macquarie Idand.

Crabs

2.16 In 1995/96, reported catches of crabs taken in the experimentd fishery for Paralomis
spinosissima in Subarea48.3 totaled 497 tonnes. The us company involved in this exploratory
fishery does not intend to continue its operations in 1996/97.

2.17 Prof. Beddington stated that companies in the UK had expressed some interest in the fishery
for this species but no concrete proposas had been received. Dr Holt advised that Us companies
were interested in fishing for crabs in the Convention Area, athough no actud plans have been
submitted as yet.

2.18 None of the Members expressed any knowledge of commercid interest in a fishery for P.
aculeata, a specieswhich is present in Divison 58.4.4 (WG-FSA-96/15).

Squid

2.19 CCAMLR-XV/MA/10 reports that an experimental catch of 52 tonnes of Martialia hyades
was taken by a Korean vessdl in Subarea 48.3 during seven days of fishing. Thisisthefirg timea
noticeable catch of squid in the Convention Area has been reported.

2.20 Noatification of a new fishery for M. hyades in Subarea 48.3 has been submitted jointly to
CCAMLR for the 1996/97 season by the Republic of Korea and the UK.

2.21 Itispossble that a potentid fishery for Moroteuthis ingens, which seemsto be abundant in
Divison58.4.4 (WGFSA-96/15), may not commence because of the high ammonium content of this
Species.



DEPENDENT SPECIES

Species Monitored in the CCAMLR Ecosystem Monitoring Program (CEMP)

Dependent Species
Report of WGEMM

3.1  Dr Everson introduced those sections of the WGEMM report dealing with dependent species
and with species specificdly studied under the cCAMLR Ecosystem Monitoring Program (CEMP).

3.2  Acdtvitiesa current CEMP Stes and proposed activities are described in Annex 4, paragraphs
4.1to 4. 10.

3.3  No proposas had been recelved suggesting incorporation of new species into the CEMP
monitoring program.

34  The Subgroup on Monitoring Methods had met in Bergen, Norway, under the Convenership
of Dr Kerry, immediately prior to the meeting of wWGEMM. The full report of the subgroup is
contained in Annex 4, Appendix |.

3.5  The Sdentific Committee noted that WGEMM gpproved the following new methods (Annex
4, paragraph 4.26).

(i) atachment of instruments
(i) daacallectionusng TDRS, and

(i) monitoring methods for petrels which include methods for the collection and andysis of
chick diet in cape and Antarctic petrels and monitoring population size, breeding
success, recruitment and adult surviva rate in Antarctic petrels.

These are now recommended by the Scientific Committee for publication in the CEMP Sandard
Methods.

3.6  The Scientific Committee aso noted that WG-EMM gpproved the following initiatives which
were the subject of advice from the Subgroup on Monitoring Methods (Annex 4, paragraph 4.54):

10



() develop additiona new methods for Antarctic and Cape petrels, especidly those for
breeding chronology;

(i) request a sudy of the effects on birds of usng warm or fresh water for somach
lavage;

(i) request the Subgroup on Satidics to congder andyss of predator foraging
performance data based on studies of at-sea behaviour;

(iv) mantandoselinkswith APIS; and

(v) add advice on appropriate methods for the collection of samples for toxicologica and
pathologica andyds as an gppendix to the cCEMP Standard Methods.

3.7  The Sdentific Committee thanked Dr Kerry and the subgroup for their work. It noted that
with a new edition of the cCEMP Standard Methods in preparation, the Subgroup on Monitoring
Methods will not need to meet next year. Until further notice, proposas for new methods should be
submitted directly to WG-EMM.

3.8 At its 1995 meeting, WGEMM highlighted severd aeas in which the andyds and
presentation of datafrom CEMP could be improved and extended. These include:

() thecdculation of indices of dependent species parameters and, in particular, the need
for an improved method to identify anomalous years, and

(i) extenson of indicesto cover harvested species and environmental parameters, and

(i) improve the way in which the data are presented.
3.9 These issues were referred to the Subgroup on Statistics for consderation during the
intersessona period. That subgroup had met, under the convenership of Dr Agnew, in Cambridge,
UK, from 7 to 9 May 1996 and the report isincluded as Appendix H to Annex 4.
3.10 The subgroup is currently developing a new method to identify anomaous years in time
series of indices of dependent species parameters (Annex 4, paragraph 4.57). Although thisis a

consderable improvement on previous methods, this method ill fails to identify anomdies for dl
years where these would have been expected (Annex 4, paragraph 4.60).

1



311 wGEMM recommended that anomdies should be interpreted with caution at this stage
(Annex 4, paragraph 4.68) and recommended that questions relating to the Statistica definitions of
anomdies in parameters should receive further attention (Annex 4, paragraph 4.76).

312 Summary presentations of CEMP indices and data held in the Secretariat database were
presented in WGEMM-96/4. There was consderable discusson on the content, presentation and
interpretation of dataleading to arevised form of presentation given in Annex 4, Table 4.

3.13 Table 4 in Annex 4 is a presentation of norma deviates of the indices (derived through
datigica andyss of the CEMP data), o that it is hdfway between the previous quditative, and
somewhat subjective, presentation of data in last year’'s report (SC-CAMLR-X1V, Annex 4, Table 3)
and afuture quantitative presentation of anomalies.

3.14 The Sdentific Committee noted with satisfaction this sgnificant deveopment in the andyss
and presentation of the CEMPindices.

3.15 Dr Croxal suggested that Members should be encouraged to update CEMP Tables 1 to 3
(Sc-CAMLR-XV/BG/2 Rev. 1) on an annud bas's, Snce these tables provide avery useful conspectus
of which data are actudly in the database and aso provide the most convenient way for the Scientific
Committee to understand the status of data collection and submission in respect of the monitoring
indices. The Scentific Committee endorsed this suggestion.

3.16 The Scentific Committee expressed its gppreciation to Members for the very subgtantid
effort that had been put into the submisson of data and to Dr Agnew for the compilation of data in
the CEMP database. It aso thanked Dr Agnew for organising the Subgroup on Statistics and leading
avery gimulaing and profitable discusson.

3.17 Directed research studies on diet, foraging activities and population dynamics of dependent
gpecies were discussed in Annex 4, paragraphs 4.80 to 4.93.

Proposas for Extension of the Scope of CEMP

3.18 There were no proposasto extend the scope of CEMP.



Proposals for CEMP Site Protection

3.19 No specific proposas for CEMP Ste protection were made at the meeting.

3.20 The Sdentific Committee noted that Norway will be establishing a CEMP monitoring Ste a
Bouvet Idand during the forthcoming season.

Data Requirements

3.21 There is a continuing request (Annex 4, paragraph 7.58(xii)) for al gppropriate data on
CEMP indicator species currently held by Members and which have not yet been submitted, including
higtorical datasets, to be compiled and submitted in CCAMLR formats.

Assessment of Incidenta Mortdity
Incidenta Mortdity in Longline Fisheries
Intersessional Work

3.22 The Sdentific Committee noted with gppreciation the subgtantid intersessond work
coordinated and undertaken by the Secretariat in conjunction with ad hoc WGIMALF
(WGFsA-96/32). Thefollowing actions, and matters ariang therefrom, were specificaly noted:

() Members are requested to suggest appropriate changes to the membership of ad hoc
WGIMALF; the additions specified in Annex 5, paragraph 7.2 were endorsed;

(i) thanks to dl involved in the production of the book Fish the Sea Not the Sky and
especidly to Audrdia for the generous additiona funds permitting trandation into dl
four languages of the Commission (Annex 5, paragraph 7.5);

(i)  the Commission is requested to didtribute this book to priority recipients (Annex 5,
paragraph 7.6) and to undertake gppropriate further digtribution and evauation
(Annex 5, paragraphs 7.7 to 7.10). Further development and dissemination of the
message contained in this book should be investigated (Annex 5, paragraph 7.8);

(iv) the costed proposal from New Zedand for a seabird identification manua (CCAMLR-
XV/13), prepared in response to requests in previous CCAMLR reports (CCAMLR-XIV,
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paragraph 5.29(xi); SC-CAMLR-XIV, paragraph 3.28(iii)); the Scientific Committee
endorsed the support by WGFsA as set out in Annex 5, paragraph 7.13;

(v) theresponse from SCAR to requests for information on means of determining the origin
of birds caught in longlines (Annex 5, paragraph 7.14);

(vi) responses to a request for information on existing and proposed monitoring of
abatross, giant petrd and white-chinned petrel populations from Audtrdia, uk, New
Zedand and South Africa; amilar information is awated from France (Annex5,
paragraphs 7.15 to 7.18); and

(vii) production and circulation of the Scientific Observer Logbook (Annex 5, paragraphs
7.19).

3.23 Detailed responses were received from New Zedand (Annex 5, paragraph 7.23) and
Norway (Annex 5, paragraph 7.24) in respect of the request for information on work to develop
and test systems for releasing baited longlines underweter.

3.24 Based on the Norwegian experiences in the North Atlantic and observations by Chilean
scientists in the South Atlantic (reported by Prof. C. Moreno), it was clear that the existing Mustad
design needs subgtantia modification (e.g. increases to the length of the setting funnd and/or more
weight on the line) to prevent the line surfacing after setting.

3.25 The Saentific Committee reaffirmed the importance of further work on underweater setting
techniques and encouraged dl Members with relevant information to make this widely avalable in
order to asss in the devedopment of more effective devices, especidly those for use with the
Spanish method of longlining.

3.26 The Scientific Committee noted that further andyss of the 1995 data from the Scientific
Observer Program had been postponed due to lack of time and resources in the Secretariat during
the intersessiona period.

Data from 1996 Scientific Observer Program: Subarea 48.3
3.27 Because data from observers were generdly submitted late and often in formats different

from those specified by CCAMLR (Annex 5, paragraphs 7.27 to 7.30), analysis of data provided by
observers had so far been possible for only three vessels.
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3.28 Severd Members noted that they had only recelved CCAMLR logbooks after their observers
departed to sea in March and that this had greatly complicated and delayed the submisson of data
to CCAMLR. It was stressed that the revised logbook, to be avaladble in dl languages of the
Commission, needed to be provided directly and promptly to those who needed to use them. This
and other issues reding to the efficient conduct of the Internationd Scheme of Scientific
Observation, and especidly to the collection and submission of data, are summarised in paragraphs
9.71t09.11.

3.29 Data collected by the three scientific observers, supplemented by their reports, indicated that
atota of about 150 birds were observed killed (and another 66 released dive) with catch rates
ranging from 0.02 to 0.72 hirds/1 000 hooks. Mot birds, and especidly abatrosses, were caught
during daytime (39% of dl sets); white-chinned petrd was the main species caught a night.

3.30 When these catch rates are extrgpolated to dl longline sets of dl 16 vesselsin the fishery in
Subarea 48.3, the resulting estimate is that about 2 300 seabirds (65% dbatrosses, mainly black-
browed a batrosses) were caught, of which 1 618 were killed (Annex 5, paragraph 7.40). The C2
forms submitted by nine vessdls give atotd of 709 hirds killed, which would extrapolate to a totdl
mortality of about 1 260 birds.

3.31 Concern was expressed that these estimates assume that data for three vessds are
representative of the whole fishery. More accurate data, however, will only be available once
andyss of the full dataset is completed intersessondly.

3.32 Dr A. Baker (New Zedand) noted that a substantial proportion of abatrosses (20%) and
shearwaters and petrels (52%) had not been identified to species by the observers, indicating a clear
need for the proposed identification manua (see paragraph 3.22(iv)). Members agreed that there
was a need to develop the skill and knowledge of observers to enable accurate identification of the
seabirds killed in order to improve the qudity of data on by-catch provided to the Commission and
thus support its conservation measures reating to incidental mortdity.

3.33 The Sdentific Committee endorsed the main conclusons of WGFSA (Annex 5, paragraphs
7.51 and 7.84) in respect of the analyses of the 1996 observer data undertaken so far, i.e.:

()  the number of seabirds, especidly black-browed abatrosses, being caught is a matter
of serious concern;

(i) daytime setting is the mgor contributor to these high caich rates, especidly of
abatrosses, discharge of offd on the same dde of the vessd as the haul is dso
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contributing. Both practices increase interactions with birds and result in decreased
fishing effidency; and

(i) the Commisson should request Members to teke al gppropriate steps to ensure
compliance with al aspects of Conservation Measure 29/x1v, thereby achieving a
substantia reduction in seabird by-catch and more cost-effective fishing.

3.34 Severa Members raised concerns that information from logbook data and/or reports from
scientific observers were being trangmitted to scol as evidence of infractions of conservation
measures. It was agreed that the greatest care should be taken to keep separate the roles of
scientific observer and CCAMLR inspector.

Seabird By-catch Data from Divison 58.5.1

3.35 The Scientific Committee noted the results of an experimenta study by France testing the
effectiveness of mitigating measures to reduce sesbird by-catch (Annex 5, paragraphs 7.53 and
7.54). The cCAMLR specification of streamer line was less effective than expected, possibly due to
sea conditions, and further study is needed. Nevertheless, relatively few abatrosses were caught,
86% of the 529 birds reported being white-chinned petrels. Although offa discharge did produce
sgnificantly lower by-catch rates, the continuation of this practice is not recommended because it
atracts more birds to the vicinity of the vessd.

Data from Outside the Convention Area

3.36 The Scientific Committee thanked New Zedand, UK, Australia and France for providing
information on seabird by-catch and the use of mitigating measures in areas adjacent to the
Convention Area.  The Scientific Committee endorsed the conclusions of WGFsA (Annex 5,
paragraph 7.63) that these reports:

() show that by-catch of adbatrosses breeding in the Convention Area is prevaent in
waters outside the Convention Areg;

(i)  indicate that Sreamer lines of CCAMLR specification are effective in reducing by-catch;
ad

(i)  contain methods of andysis of by-catch data of relevance to CCAMLR.
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The Scientific Committee dso noted with goprova that the use of mitigating measures amilar to
those required by CCAMLR is now mandatory in two areas adjacent to the Convention Area
(Falkland/Mdvinas Idands and Augtrdian Fishing Zone south of 30°S).

3.37 The Sdentific Committee welcomed the establishment by ccseT of a Working Group on
Ecologicdly Related Species Ers) which had consdered issues of fishery-seabird interactions; it
endorsed WG-FSA’s comments on the following matters:

() the suggestion rdating to closer liaison between CCAMLR and CCSBT-ERS (Annex 5,
paragraph 7.67(iv) to (vi));

(i)  theencouragement to CCSBT to implement provisons to reduce by-catch of seabirdsin
regions adjacent to the Convention Area (Annex 5, paragraph 7.67(iii); and

(i) the hope that other conventions regulating longline fisheries would establish groups to
tackle the problems of seabird-longline fishery interactions (Annex 5, paragraph 7.68).

3.38 Mr H. Moronuki (Japan) expressed concern that:

()  while acknowledging the content of Annex 5, paragraph 7.67, CCAMLR should not
prejudge the work of the ccsaT-ERS Working Group; and

(i) it was necessary for CCAMLR to concentrate primarily on problems in the Convention
Area raher than on seabird-fishery interactions outsde the Convention Ares,
especidly given the potentid start of many new longline fisheries within the Convention
Area

3.39 Many Members noted that, for abatross species and white-chinned petrels breeding inthe
Convention Areg, interactions with fisheries during their breeding season mainly occur within the
Convention Area (except for wandering abatrosses), whereas throughout the rest of the year most
interactions occur with fisheries outsde the Convertion Area. (This has been a concern expressed
by cCAMLR over the last severd years and is further supported by data presented at the present
meeting, eg. WGFSA-96/8 (Annex 5, paragraph 7.70), WGFSA-96/9 (Annex 5, paragraph 7.65) and
WG-FSA-96/62, 96/63, 96/64 and 96/65 (Annex 5, paragraphs 7.59 to 7.61)). Furthermore, CCAMLR has
introduced and implemented dtrict conservation measures (Conservation Measure 29/X1V) designed
to reduce incidental mortdity; dl Members proposng new longline fisheries in the Convention Area
have indicated that they will abide by these provisons. Therefore it is only naturd that CCAMLR
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should express particular concern about the potentia impact on birds from the Convention Area of
fisheries adjacent to the Convention Areawhere the use of mitigating measuresis not a requiremen.

3.40 It wasfurther noted that:

() much of the origind work to develop agppropriate mitigeting measures had been
initiated by Japanese fishermen (and subsequently developed in conjunction with
Audrdian scientists) and that this had provided the bass for CCAMLR’S provisons,
and

(i) ccAMLR not only wished to encourage Japan which now contributes only about 44%
of the esimated tuna longline effort south of 30°S (WGFsA-96/65) to continue to use
and develop improved mitigating measures, but dso to encourage other fishing nations
to use measures to reduce seabird by-catch in as widespread a manner as they were
understood to be used within the Japanese fishery.

Issues Relevant to Fishery Management

341 The Scentific Committee noted the new data concerning the overlgp between the foraging
ranges of abatrosses breeding on South Georgia and the locations of longline fishing operations in
Subarea 48.3 (Annex 5, paragraphs 7.69 and 7.70) and endorsed the conclusions of WG-FsA that
subgtantia reductions in incidental mortality of albatrosses would be achieved by delaying the start of
longline fishing in Subarea48.3 until 1 May (Annex 5, paragraph 7.71).

342 However, the Scentific Committee dso noted that athough no Member had explicitly
provided any information on the consequences of ddaying fishing in Subarea 48.3 until 1 May (as
requested by the Scientific Committee last year), severd concerns had been expressed at the
meeting rdating to fishing efficiency and the consequences of increasing fishing effort during the D.
eleginoides spawning season.  Other concerns raised included the consequences for stock
assessment work of changing the timing of the fishery.

3.43 There were diverse gpinions on the likdy significance of any problems that would be caused

by the fishery being conducted from May to September, but there was agreement that this should be
investigated by WGFsA as amatter of priority.
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344 Aspects to be investigated intersessiondly, once al current observer data are available, are
the consequences of changing the season of the longline fishery for D. eleginoides in Subarea 48.3
to May through September for:

()  recruitment to the stock;

(i)  fishing effidency (induding andyds of CPUE data when availadle); and

(i)  the ability to undertake appropriate and timely stock assessment, especidly including
the use of the generdised linear modd (GLM).

3.45 It was recognised, however, that, compared with last year, there is now more information on
the potentia benefits, in terms of reducing adbatross by-catch, to be gained by ddaying longline
fishing in Subarea 48.3 until 1 May. It was therefore essentid to undertake critica evauation, on the
basis of the best data currently available, of the implications of changes to the fishing season before
the next meeting of the Scientific Committee.

3.46 For thetime being therefore, it was agreed that the Scientific Committee could only reiterate
to the Commission its advice of lagt year, viz. that on the understanding that there would be full

compliance with Conservation Measure 29/X1V, it recommended the retention of the fishing season of
1 March to 31 August for 1996/97.

3.47 The Scentific Committee endorsed other recommendations of WG-FSA concerning:

() the vaue of the Internationd Scheme of Scientific Observation, suggested
improvements to this scheme and the need to continue 100% observer coverage within
al longline fisheries (Annex 5, paragraphs 7.80 to 7.82);

(i)  the high priority of continuing the work of the Scientific Observer Data Andys,
paticulaly given the volume of observer data that remains to be andysed
intersessonally and that envisaged to be provided under the projected new fisheries
(Annex 5, paragraph 7.89); and

(i)  the retention of Conservation Measure 29/XIV in its present form, subject to a minor
revison to define precisay the meanings of the terms ‘nautica twilight’ and *dawn’.

3.48 The need for this revison was indicated by Dr Miller, who drew the Scientific Committee's

atention to potentid difficulties that may arise from different interpretations of the definition of time
contained in paragraph 2 and footnote 4 of Conservation Measure 29/X1Vv.
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349 The Sdentific Committee agreed that, as a practical guide, ‘nauticd twilight' ends or begins
when it is too dark to see the horizon clearly. ‘Nautica twilight’ is defined as the ingtant where the
centre of the sun is a a depresson angle of twelve degrees (12°) beow an ided horizon. These
times are obtainable from Nautica Almanac tables for the relevant latitude, loca time and date.

3.50 All times, whether for ship operations or observer reporting, must be recorded with
reference to GMT. For example, a vessel keeping its own time must ensure that the times set by the
Nautica Almanac (as per paragraph 3.49 above) are referenced to the GMT time-zone in which the
vess is operating.

3.51 The Scentific Committee agreed that footnote 4 should remain with the term ‘dawn’ being
replaced by ‘sunrise’.

352 To assg vessHs to implement this dement of Consarvation Measure 29/x1v, the Scientific
Committee requested the Secretariat to provide a table indicating gpproximate times of nautica
twilight for the gppropriate parts of the Convention Area on a basis to be determined by the
Scientific Observer Data Andys in conjunction with interested Members.

3.53 The Scentific Committee noted that the details of future work on IMALF issues would be
summarised within a proposd for aprogram of intersessona work, as done last year (Annex 5,
paragraph 7.1). This would include the requirement that next year the IMALF subgroup should
commence work at the start of the meeting of WGFSA.

3.54 The Scientific Committee dso noted:

()  the draft report of the Workshop (held in Hobart in September 1995) on Incidenta
Mortdity of Albatrosses Associated with Longline Fishing (SC-CAMLR-XV/BG/20). This
report was tabled to give Members an opportunity to comment (in writing to the
editors) an any matters of interest or concern before the text is findised in late 1996
for circulation to workshop participants for find gpprovd,;

(i) thetext of the draft resolution to the Generd Assembly of 1UCN (meeting in Montred,
Canadain October 1996) on seabird by-catch in longline fisheries (CCAMLR-XV/BG/10)
which included commendetion of the recent initiatives by CCAMLR to reduce seabird
by-catch;



(i)  thereport by Chilean observers of the death of one Weddell sed and one Antarctic fur
sed due to entanglement during longline fishing for D. eleginoides in Subarea48.3in
1996 (Annex 5, paragraph 8.3); and

(v) daa from 1996 on the impact of maine mammds on longline fisheries for
D. eleginoides, indicating condderable loss of fish to Antarctic fur seds in Divison
58.5.1 and to killer whaes (orca) in Subarea 48.3 (Annex 5, paragraphs 5.18 to
5.23).

Incidenta Mortdity in Trawl Fisheries

3.55 Prof. Duhame noted that practicdly no incidentad mortdity has been observed in the trawl
fishery in Divison 58.5.1 since the ban on the use of netsonde cables came into effect (Annex 5,
paragraph 8.2). Recognising that the French trawl fishery catch currently accounts for 40% of the
total reported catches of D. eleginoides in Divison 58.5.1, this ban makes a mgor contribution to
reducing the incidentd mortdity of birds in this fishery as compared to the longline fishery. This
should be taken into account in management advice to the Commission.

Marine Débris

3.56 In respect of the entanglement of Antarctic fur sedls in marine debris a South Georgia, Dr
Croxadl introduced SC-CAMLR-XV/BG/3, summarisng al data reported by the UK to CCAMLR from
1989 to 1994, and SC-CAMLR-XV/BG/5, reporting the results of the most recent surveys a Bird
Idand, South Georgia in winter 1995 and summer 1996. These latter data indicate that the latest
entanglement rates in the study population were the highest ance 1993, with eight fur seds entangled
in the 1995 winter and 34 in the 1996 summer. Of additional concern were the first records of sedls
entangled in packaging bands in winter since 1993 and the increased proportion of entanglementsin
summer in fishing nets and packaging bands (despite the use of the latter on fishing vessals being
prohibited in the Convention Area snce the sart of the 1995/96 summer under Conservation
Measure 63/X11). It isnot unlikely that these increases reflect the increased levels of fishing activity in
Subarea 48.3 and particularly by vessels not operating under the auspices of CCAMLR and therefore
unlikely to be complying with Conservation Measure 63/XI1.

3.57 Inresponse to aquestion from Prof. Moreno, Dr Croxdl noted that, dthough the number of
sedls observed entangled at Bird Idand nowadays was only about one-sixth of the values in 1989,
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because the South Georgia fur sedl population had doubled since then, the number of sedls entangled
annualy in the whole population was probably at least in the order of 2 000 animals.

3.58 In cCAMLR-XV/BG/6 the UK aso reported the entanglement of a southern eephant sed in a
packaging band and saven Antarctic fur sedls in fishing nets and longline materia a Bird Idand,
South Georgia in 1996. SC-CAMLR-XV/BG/4 notes that a gentoo penguin chick was released from
entanglement in a (cut) packaging band a Bird Idand in 1996.

3.59 In CCAMLR-XV/BG/26 the USA reported one Antarctic fur sed entangled in synthetic cord,
part of an Antarctic fur sed pup entangled in a packaging band at Sed Idand, South Shetland
Idands, and a southern giant petrel with alongline hook embedded in its throat near PAmer Station,
Antarctic Peninsulain 1996.

3.60 Prof. D. Torres (Chile) introduced SC-CAMLR-XV/BG/27 which reports observations of four
Antarctic fur seds (two juveniles and two pups) entangled in fishing net and packaging bands at
Cape Shirreff, South Shetland Idands in 1996. Although the packaging band had originaly been
cut, it had subsequently been tied into a loop before disposa. Chilean scientists have been able to
publicise these data to nationd and international audiences, thereby increesng awareness of
ccAaMLR'swork in this field and of the need to continue to improve practices reating to the disposa
of waste from fishing vessdls at seain the Southern Ocean, asindicated in SC-CAMLR-XV/BG/27.

3.61 Mr Moronuki advised that al Japanese krill fishing vessdals are equipped with incinerators for
burning waste materia such as plagtics and net gear and that there were no reports of fishing gear
lost from Japanese vessals in 1996.

3.62 Dr Croxdl summarised SC-CAMLR-XV/BG/4, which reports three observations of oiled
seabirds (wandering abatross, snow petredl) at Bird Idand, South Georgia and presents the results of
the third (1996) standardised survey of man-made debris associated with breeding seabirds. The
incidence of marine debris, especidly fishing gear, associated with breeding abatrosses had returned
to the high levels of 1994. The fishing gear included a squid jig decoy associated with a grey-headed
abatross nest.  Given the known foraging range of breeding grey-headed abatrosses it is highly
likely that the jig was acquired within the Convention Area, suggesting that squid fishing might have
occurred between October 1995 and March 1996 in, or very near, the Convention Area. Many
fishing hooks, dl identica to those used in the D. eleginoides longline fishery, were recorded from
pellets regurgitated by wandering abatrosses; four adult and two chick wandering abatrosses and
one adult black-browed abatross were observed with ingested or impaled hooks with fishing line
attached.



3.63 There was genera concern over the problems posed by loss of fishing gear, especidly
hooks. It was noted that WG-FsA-96/57 had estimated that about 100 000 hooks are logt annualy by
the D. eleginoides fishery in Subarea 48.3 and that the loss of sections of line and hooks remaining
in fish heads thrown overboard poses threats to marine life, especidly sedbirds (Annex 5,
paragraphs 8.5 and 8.6).

3.64 The atention of the Commission was drawn to the concerns over increases in the amount of
marine debrisin 1996, especidly that originating from fishing vessdsin the Convention Area.

3.65

Adviceto the Commisson

The Scientific Committee recommended that the Commission:

0]

(i)

(ii)

)

v)

()

(vii)

distribute the book Fish the Sea Not the Sky aswiddy and gppropriately as possible
(paragraph 3.22(iii));

encourage further work to devel op effective devices for underwater setting of longlines
(paragraph 3.25);

provide the revised edition of the Scientific Observer Logbook, in dl languages of the
Commission, as quickly as possible to those who need to use it (paragraph 3.28);

note the conclusions of the Scientific Committee based on the andyss of the available
data on seabird by-catch in the D. eleginoides longline fishery in Subarea48.3 in
1996 (paragraph 3.33);

note the conclusons of the Scientific Committee concerning seebird by-catch and
mitigating measures outside the Convention Area (paragraph 3.36);

note the recommendations of the Scientific Committee concerning the development of
closer links between ccsBT and CCAMLR, and other matters reating to the
Commissons which regulate longline fishing in regions adjacent to the Convention

Area (paragraph 3.37);

note the recommendations of the Scientific Committee concerning changes to
the timing of the D. eeginoides fishery in Subarea 48.3 to reduce incidentd mortdity
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of seabirds (paragraph 3.41), the further discusson on this topic (paragraphs 3.42 to
3.45) and the advice to the Commission for the 1996/97 season (paragraph 3.46);

(viii) note the recommendations concerning the retention of Conservation Measure 29/X1V,
subject to a minor revison to darify the meanings of ‘nauticd twilight' and ‘dawn’
(paragraph 3.49 to 3.52);

(iX) note the podtive effect of the ban on the use of netsonde cables in reducing incidental
mortality of seabirdsin the trawl fishery in Divison 58.5.1 (paragraph 3.55); and

(X)  note the concerns of the Scientific Committee over evidence of recent increasesin the
problems caused by marine debris (originating from fishing vessals) to marine mammals
and seabirds (paragraph 3.64).

Marine Mammd and Bird Populations

Status of Marine Mamma Populations

Whales

3.66 The Sdentific Committee had asked the Chairman to write to the Scientific Committee
of IwcC (Sc-IWC) to request reports on the status of Antarctic whaes for review at the 1996 meeting
(sc-cAMLR-XIV, paragraph 3.70). The Secretary of the Iwc had responded (SC-CAMLR--XV/BG/9)
that following discussons in the past, 1wcC had decided that because of the consderable scientific
uncertainty over the number of whaes it would be better not to give whae population figures except
for those species/stocks which have been assessed in detail. In the case of whales of the Southern
Ocean, this would include minke and blue whaes only, dthough there is some less comprehensve
and reliable information for other species, notably humpback whales.

3.67 The best estimates of abundance of minke whales, published in 1993, add up to more than
700 000 animals (SC-CAMLR-XV/BG/24, Table 1 as reported by SC-Iwc-1993; Annex E, Appendix 6).
Egtimates of abundance of other species of whales are provided in SC-CAMLR-XV/BG/24, Table 2.
Population estimates of blue whaes remained low reative to previous estimates, while estimates of
humpback whaes had increased substantidly.
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3.68 The Scientific Committee expressed its gppreciation to Iwc for providing the information
requested and noted this was another example of the close working reationship of cCCAMLR and IwC
members.

Antarctic Seds

3.69 Lag year, the Chairman was asked to write to the Convener of the SCAR Group of
Specidists on Sedls (SCAR-GSS) requesting the group to consder the collection and anadlysis of data
relevant to the ams of CCAMLR and the CEMP program in particular. No response having been
recaived, the Scientific Committee deferred its condderation of this item until its next meeting.

Status of Marine Bird Populations

3.70 As has been done in the pagt, the Chairman was requested to write to the Chairman of the
SCAR Bird Biology Subcommittee (SCAR-BBS) and ask for reports on the status of Antarctic birds
(sc-cAMLR-XIV, paragraph 3.70). The SCAR Subcommittee provided a comprehensive review of
the status and trends of Antarctic and sub-Antarctic seabirds (SC-CAMLR-XIV/BG/29). The review,
provided for CCAMLR, was the third such undertaking by SCAR, with previous reviews completed in
1988 and 1992.

3.71 The current review provides adetalled summary of published and unpublished data on the
distribution and abundance of penguins which updates the comprehensive review published by SCAR
in 1993 (SC-CAMLR-XIV/BG/29, Appendix 2), information on the population status and trends of
Antarctic and sub-Antarctic penguins as consdered a the Internationd Workshop on the
Conservation and Management Plan for Penguins held in September 1996 (Appendix 3), and
summaries of information on the didribution and abundance of severa other species of Antarctic
seabirds currently under detalled review by SCAR (Appendix 4).

3.72 SCAR-BBS ds0 produced a summary of the status of al Antarctic seabird species (or species
groups), drawing on the sources indicated above and the 1996 review of the status, trends and

threats to populations of al abatross species (SC-CAMLR-XV/BG21).

3.73 SCAR-BBS a0 provided a brief executive summary from which paragraphs 3.74 to 3.79
below are taken.
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3.74 Populations of king penguins are increasng in numbers, however, except for emperor and
gentoo penguins, dl the other Antarctic and sub-Antarctic penguin species (induding Addie and
chinstrap penguins) are currently showing an overdl decrease in populations compared with those of
a decade ago. The dtuation is potentialy most serious for macaroni penguins and especidly for
rockhopper penguins, the latter being recommended for Globaly Threatened status in the next IUCN
Red Data Book.

3.75 For dl sub-Antarctic abatross species breeding in the Convention Areg, thereis evidence of
decreases from at least one ste (and usudly mog, if not al, stes). Incidentd mortality associated
with longline fisheries is recognised as the main known or potentid cause of these changes. Mogt
gpecies (including wandering, grey-headed and sooty abatrosses) are being recommended for
Globdly Threatened status, even the black-browed abatross is now regarded as deserving Near
Threatened status.

3.76  Evidence of generd decreasesin giant petrel populations isless clear than in 1992, with new
data indicating increases a some Stes and decreases a others.  More monitoring studies are
needed.

3.77 Programs to eradicate introduced predators of seabirds (especialy of burrowing species) at
sub-Antarctic idands are proving successful. Thereislittle, if any, evidence of change in populations
due to human activities in the vicinity of breeding colonies.

3.78 There is ill no evidence that any seabird population decreases reflect competition with
commercid fisheries.

3.79 For some species and Stuations a better understanding is developing of interactions between
the physica and biologica environment in rdation to prey avalability and populaion processes in
seabirds.

3.80 The Scentific Committee recognised the vast amount of work involved in preparing the
review which it had requested and expressed its appreciation for the work of SCAR-BBS.
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HARVESTED SPECIES

Krill

Methods for Estimating Didtribution,
Standing Stock, Recruitment and Production

4.1  The Sdentific Committee noted that WGEMM has continued its work on refining the
methodology for acougtic estimation of krill biomass (Annex 4, paragrephs 3.1 to 3.10 and
Appendices D and E) and, because of the level of expertise on this topic present in the Working
Group, the Scientific Committee suggested that it might also examine the results of acoudtic surveys
for fish such as one reported by Russa and considered by WGFsA (Annex 5, paragraphs 4.145 and
4.146).

4.2  Theresults of alarge number of acoudtic surveys for krill covering parts of Areas 48, 58 and
88 were reported to WGEMM in 1996 (Annex 4, paragraphs 3.12 to 3.41). Particularly noteworthy
were the results of a very successful Audrdian survey in Divison 58.4.1 which covered an area of
873 000 kne and produced a biomass esimate of 6.67 million tonnes with a cv of 27% (Annex 4,
paragraphs 3.31 to 3.36). The Scientific Committee recognised the sgnificance of this survey which
was the firgt acoustic survey of aCcCAMLR datistical divison designed to produce an estimate of B,

4.3  Whilg recognisng the quaity of the biomass estimate produced by the survey of Divison
58.4.1, the Scientific Committee noted that it would be desirable to repest the survey a some point
in the future so that some assessment of the variability of krill abundance in this area could be made.

4.4  The Scentific Committee ds0 received details of an Indian survey carried out in Divison
58.4.4 during 1996 to study fisheries potentid in this area and, jointly with Polish scientidts, to
examine processing technology (SC-CAMLR-XV/BG/15). The Scientific Committee welcomed India's
research efforts and encouraged Indian scientists to participate in the work of WGEMM. The
Scientific Committee looked forward to receiving detailed results of this research for consideration at
WGEMM.

45  The Sdentific Committee noted the extremely high priority given by WGEMM to a new
synoptic survey of krill in Area 48 and endorsed the plans put forward by the Working Group to
form a deering group to move this proposal forward (Annex 4, paragraphs 3.72 to 3.75
and 7.58(v)). The Scientific Committee looked forward to receiving a detailed proposd for this
survey, including atimetable and the resources required from Members to accomplish the task.
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4.6 It was agreed that in the light of advances in technology and from experience gained in the
conduct of recent large-scae acoudtic surveys, a synoptic survey of Area 48 would require much
less in the way of resources than had been envisoned in the past (Annex 4, paragraph 3.72). The
Working Group estimated that gpproximately 60 ship-days sampling would be required and the
Scientific Committee noted that with the current number of nations operating research vessels in the
South Atlantic, such afigure would be attainable.

4.7  Given the feaghility of a survey of this magnitude, the Scientific Committee advised the
Commission that it saw the conduct of a synoptic survey of krill in Area 48 as being a task of the
highest priority.

4.8  Accordingly, the Scientific Committee requested that the Commission ask the Secretariat to
send acircular to al Members informing them of the urgent need for a synoptic survey of Area 48,
the status of planning arrangements and the timetable for implementation.

49  Members should be encouraged to bring to the next meeting of WGEMM information on
whether they could contribute to such a survey which would be scheduled to occur in the 1998/99
season.  This would dlow a suitable lead time for detailed planning and discussion of the survey
before its implementation.

Catch per Unit Effort

4.10 Andysesof the cPUE datafrom the krill fishery in Subarea 48.1 indicated that there had been
a dedining trend from the mid-1980s to the 1989/90 season, but that the CPUE had remained
relatively constant since the 1990/91 season. These changes were considered to be related to
changes in the timing and intengty of the fishery in Subareas 48.1 and 48.3 (Annex 4,
paragraphs 3.42 to 3.47). The Scientific Committee encouraged the submisson of more of these
datato future meetings of the Working Group.

411 Progress had been made in the estimation of effort and the Scientific Committee noted that
an exercise in the collation of atime budget for fishing operations had been completed by a scientific
observer which confirmed the feasibility of this technique which had been suggested by WGEMM
(Annex 4, paragraphs 2.10 and 2.11). Further collection of such data and their submisson and
anayss were encouraged.

4.12 The Scientific Committee endorsed the Working Group's cal for further submission of haul-
by-haul data from defined fishing locations and noted the utility of this information in interpreting the
behaviour of the fishery (Annex 4, paragraphs 3.28 to 3.30).
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Recruitment

4.13 TheWorking Group had examined the evidence of long-term changesin krill recruitment and
abundance in the Elephant I1dand area and was unable to determine whether the results represented
fluctuations about a median level or whether they were indicetive of a longer-term trend in overdl
abundance (Annex 4, paragraphs 3.48, 3.59 and 7.4 to 7.13).

4.14 Because only one long-term dataset had been andysed — that from the Elephant Idand area
— the Working Group was unable to determine whether the results from arestricted areain Subarea
48.1 were indicative of changes that might have occurred throughout the whole of Subarea 48.1 or
even over awider area

4.15 Memberswere urged to examine the datasets in their possession and to anayse them for any
long-term trends in abundance and recruitment (Annex 4, paragraphs 3.58 and 3.59). In particular,
the andyds of data from the fishery over wide areas was encouraged.

4.16 Itis likdy that there are sufficiently long time series of length-dendty data from the Indian
Ocean sector and Japanese and Audtraian scientists were encouraged to collaborate in the andysis
of these data and to submit their andyses to the next meeting of the Working Group (Annex 4,

paragraph 3.59).

4.17 If the observed changesin recruitment and abundance are merely fluctuations about amedian
leve, then such variahility isincorporated into the krill yield mode currently used to set precautionary
limits. If, on the other hand, the changes are a result of long-term changes in abundance and
recruitment, then the current krill yidd modd may have difficulty reflecting the actud levd of
variability and will need to be modified.

4.18 The Scentific Committee recognised that it was desirable to examine the outputs of the krill
yiddd modd to determine whether they conform to the observed level of recruitment variability
determined from samplesin the South Atlantic and recommended that this work proceed.

4.19 Because of the fundamentd nature of the questions raised by the variation in the observed
recruitment indices, the Scientific Committee endorsed the Working Group's plan for aworkshop to
examine these changes in recruitment and abundance in Area 48 (Annex 4, paragraph 6.93) (La
Jolla, usa, June 1997).
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Locd Digribution

4.20 The Subgroup on Statistics and the Working Group had indicated that considerable research
was required in the area of indices of locd abundance and Members were requested to submit
information to the Working Group of sSze compodtion, sex and maturity stage and energy content of
krill (Annex 4, paragraphs 3.66 to 3.71 and Table 2). The Scientific Committee recognised these
research priorities.

Future Work

421 The Sdentific Committee endorsed the tasks identified by the Working Group as requiring
further work (Annex 4, paragraph 7.58). These included the following items which directly reate to
krill and which would be carried out informdly by various members of WGEMM:

()  further coordination of research in the Antarctic Peninsularegion;

(i)  further examinaion of uncertainty in acoudtic urveys,

()  invedtigationsinto the use of multifrequency acoustic techniques in surveying; and
(iv)  further work on the submodels within the overdl ecosystem moddling framework.

Generd Advice Rdating to Krill
(Annex 4, paragraph 8.3)

4.22 Given the difficulties experienced in surveying large satistical subareas and divisons, further
condderaion should be given to subdividing such aress into smdler management units (Annex 4,

paragraph 3.41).

4.23 The updated Scientific Observers Manual should be published in 1997 as a matter of
urgency.

4.24 The Subgroup on Statigtics should meet in 1997 immediatdly prior to the meeting of
WG-EMM. The terms of reference of the Subgroup on Statistics are provided in paragraph 5.38.
The Convener will be Dr Wetters.



4.25 A workshop is planned on the inter-relationship between the subareas in Area 48, including
the sudy of changes in krill recruitment and abundance in subareas and the linkages between
monitoring Sites (see paragraph 4.19) (La Jolla, usa, June 1997).

4.26 Thekrill symposum identified in last year’s Scientific Committee report is now to be hdd in
1998 or 1999. Dr M. Mangd of the Universty of Cdifornia, Santa Cruz, USA, has offered to host
this symposum and a full proposd will be put to the Scientific Committee in 1997 (Annex 4,
paragraphs 9.1 to 9.4).

Management Advice
(Annex 4, paragraphs 8.1 and 8.2)

Area 58

4.27 The Scentific Committee endorsed the Working Group's caculation of a precautionary limit
using the results from the krill biomass survey carried out in Divison 58.4.1 (Annex 4, paragraphs
7.23 and 7.24) and recommended a precautionary catch limit of 775 000 tonnes per year for this
divison.

Area 48

4.28 The Scientific Committee recognised the urgent need for a synoptic survey in Area 48 and
noted that it could not update its management advice for this area until such a survey had been
conducted. Consequently, the Scientific Committee recommended that the existing management
measures for Area48 remain in force.

Fish Resources
Area 48
Antarctic Peninsula (Subarea48.1)

4.29 The Scientific Committee noted that no new information on stocks in this subarea was
avalabletowG-FsA. It dso noted that a bottom trawl survey of Subarea 48.1 will be carried out by
the German Rv Polarstern in November and December 1996 (see Annex 5, paragraph 4.35).
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Management Advice

4.30 In the absence of new information on stocks in this subarea, the Scientific Committee
endorsed the advice of the Working Group that fisheries in Subarea 48.1 should remain closed in
accordance with Conservation Measure 72/XI1.

South Orkney Idands (Subarea 48.2)

Champsocephalus gunnari (Subarea 48.2)

4.31 The Sdentific Committee noted that no new information was available to the Working Group
on stocks in this subarea and that no new assessment had been undertaken at this year’s meeting.

4.32 The Sdentific Committee aso noted the suggestion of Dr P. Gasukov (Russia), made a the
Working Group, that an experimental scientific fishery for C. gunnari should be permitted in this
subarea following a smilar approach to that adopted for C. gunnari in Subarea 48.3 for the
1995/96 season (Conservation Measure 97/X1V). Dr Gasiukov suggested a precautionary TAC of 1
500 tonnes, based on the gpproximate midpoint of the range of minimum (392 tonnes) and maximum
(3 010 tonnes) Msy cdculated for this stock by the Working Group in 1991 (SC-CAMLR-X, Annex
6, paragraphs 7.214 to 7.217). This proposa would depend on a research bottom trawl survey
being carried out prior to the commercid fishery, and the presence of an internationd scientific
observer on board each vessd fishing commercidly.

4.33 The Sdentific Committee recaled that the existing Conservation Measure (73/X11) requiresa
survey to be carried out, its results reported to and andysed by WG-FsA, and a decison made by
the Commission, based on the advice of the Scientific Committee, before the finfish fishery can be
reopened. This Stuation is analogous to that in Subarea 48.1.

Management Advice
4.34  Inthe absence of new information, the Scientific Committee was unable to provide advice on
the reopening of the finfish fisheries in this subarea The Sdentific Committee therefore

recommended that the finfish fisheries in Subarea 48.2 remain closed in accordance with
Consarvation Measure 73/XI1.
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South Georgia (Subarea 48.3)

Dissostichus eleginoides (Subarea 48.3)

4.35 The Sdentific Committee noted the information provided by the Working Group on catch
and effort data reported from this fishery in the 1995/96 season (Table 7). It had not been possible
to make an estimate of the level of unreported catches at this year's meeting. However, the
Scientific Committee noted that information provided intersessondly by the Chilean authorities
indicated that there were no unreported catches by Chilean vessalsin Subarea 48.3 during 1995/96.

Table7: Estimated catches of D. eleginoides in Subarea 48.3 and adjacent Rhine and North Banks and TACs
agreed by the Commission for Subarea 48.3 (tonnes).
Split-year Fishing Season TAC Catch Reported Catch Estimate of Best
to CCAMLR for Reported to | Unreported | Estimate
the Fishing CCAMLRfor Catch of Red
Season' the Split-year | (split-year) | Catches
1989/90 8156 345 8501
1990/91 | 2 November 1990 2500 22007 3639 565 4206
— 25 August 1991
1991/92 | 2 November 1991 3500 3150 3842 3470 7312
— 10 March 1992
1992/93 | 6 December 1992 3350 2694 3089 2500 5589
— 5 February 1993
1993/94 | 15 December 1993 1300 537 460 6145 6605
— 15 September 1994
1994/95 | 1 March—10 May 2800 2635 3301 2870 6171
1995/96 | 1 March—24 July 1996 4000 38713 4362 > 4362+ ?

AW N R

Form C2 except where indicated
From Statlant reports

From five-day catch reports

No new quantitative information was available to the Working Group to estimate unreported catches during
1995/96.

The best estimate of real catch for 1991/92 was erroneously given as 6 309.6 in Table 6 of last year’s report

(SC-CAMLR-XIV, Annex 5) dueto an arithmetical mistake.

4.36 The Scientific Committee dso noted information provided in Annex 5, paragraphs 4.48 to
4.59, regarding reports from CCAMLR observers, conversion factors, discards of D. eleginoides,
baiting efficiency, nonreporting of zero catches, fish movements and environmenta factors. In
particular, the Scientific Committee endorsed the advice of the Working Group that:

() CCAMLR observers should collect further information on the vaues of converson
factors and methods of their estimation and gpplication on board fishing vessds
(Annex 5, paragraph 4.51);



(i)  the Scientific Observer Logbook be amended to include provision for the recording of
discards of D. eleginoides (Annex 5, paragraph 4.52);

(i)  the estimation of loss rates of fish from hooks needs further investigation (Annex 5,
paragraph 4.53);

(iv) condderation should be given to undertaking separate assessments for male and
femdefishin the future (Annex 5, paragraph 4.58); and

(V) the Secretariat be requested to investigate the possibility of obtaining meteorologica
information from Subarea 48.3 and other areas where there are fisheries for D.
eleginoides (Annex 5, paragraph 4.59).

4.37 The Working Group had consgdered the use of catch-at-age andyds, goplying such
approaches as SPA (Sequentid Population Andyss) or vPA (Virtud Population Analyss) as an
dternative gpproach to estimating exploitation rates and spawning stock biomass of D. eleginoides.
A background paper using this approach to study trends in the D. eleginoides stock between 1992
and 1996 was submitted to the Scientific Committee (SC-CAMLR-XV/BG/14) and had been reviewed
by the Working Group. This andyss was undertaken usng only data avalladle in the CCAMLR
database. The Scientific Committee noted the view of the Working Group that at this stage the
andydss was prdiminary in nature and that further devedlopments could investigate the use of
standardised cPUE data. The Scientific Committee encouraged further andyses usng such models,
because they have the potentia to provide an independent assessment of the stock, which can be
compared to the results of the generdised yield modd.

4.38 The Sdentific Committee recdled last year's recommendations for future work on the
assessment of D. eleginoidesin Subarea 48.3 (SC-CAMLR-XIV, paragraphs 4.48 and 4.51, Annex 5,
paragraphs 5.72, 5.75 and 5.76 and Appendix E, paragraph 2.72) and noted the approach taken by
the Working Group to address these recommendations. The work undertaken at this year’ s meseting
of the Working Group focused on four main aress.

() revison of the length-dendty andyss underteken a last year's meeting, using
additiond survey data;

() condderation of the effects of varying the decison rule criteria goplied in the
generdised yidd modd;



(i)  revisdon of the gock smulations undertaken a last year’s meeting, using the improved
generdised yidd modd with various dterndive input parameters, including revised
parameters in the recruitment function; and

(iv) examinaion of methods of monitoring the status of the population, including analys's of
trends in standardised cPUE and length samples taken from the fishery.

4.39 The detals of the length-dendty analysis are provided in paragraphs 4.66 to 4.73 of the
Working Group report (Annex 5). The Scientific Committee endorsed the view of the Working
Group that the resulting recruitment function was the best information currently available on the
recruitment of D. eleginoides for use in the generdised yield modd for Subarea 48.3.

440 The Sdentific Committee welcomed the refinements made to the generdised yield modd
gance last year's meeting. A detailed description and explanation of the current method is provided
in Congtable and de laMare (1996) and in Annex 5, paragraphs 3.65 to 3.69.

441 Atlast year's meeting, the Scientific Committee noted that the probability leve (10%) in the
0, decision rule was not purely a scientific question and that the Commission may wish to consider
this matter further. However, before this could be done, the Commisson would require more
information and advice from the Scientific Committee. To this end, the Scientific Committee tasked
the Working Group with giving this issue detailed congderation at this year' s meeting.

4.42 TheWorking Group undertook a series of test runs of the generdised yield modd to explore
the implications of variaions in the decison rule criteria The results of these runs are illudtrated in
Figures 2(a) and 2(b) and explained in paragraphs 4.77 to 4.80 of the Working Group’s report
(Annex 5). The Scientific Committee noted the advice regarding the relative effects on catch levels
of departing from the g, decision rule (i.e. that the probability during the projection period of the
gpawning stock biomass fdling beow 20% of its initid level should not exceed 10% — Annex 5,
paragraphs 4.75 to 4.80 and Figures 2(a) and 2(b)). The Scientific Committee dso noted that no
specific decison rule criteria, other than g, and g, (the median status of the spawning stock biomass
a the end of the projection period should not fall below 50% of the median pre-exploitation levd),
were conddered at this year’s meeting. However, the Scientific Committee endorsed the suggestion
of the Working Group that more detailed condgderation should be given to the critica levd of
gpawning stock biomass in the g, decison rule a its next meeting. If the Commisson wishes to
change the probability leve or the ratio of median spawning stock biomass, the graphsin Figure 2()
of Annex 5 should be used.



4.43 The Sdentific Committee also noted results of a series of runs testing for the sengitivity of the
results to changes in various input parameters, including the catch history, the sze of fish sdectedin
the fishery, von Bertdanffy growth parameters and naturd mortdity (M). The results of these
sengtivity tests are presented in Table 13 and paragraphs 4.88 to 4.95 (Annex 5).

4.44  Following arequest from Prof. Beddington for clarification of the way in which uncertainty in
M had been represented, Dr de la Mare explained that each individud trid of the projection
randomly selected avalue of M in the range 0.12 to 0.2, sampled from a uniform distribution.

4.45 Thefind run of the yiddld modd determined that a catch leve of 5 000 tonnes was congstent
with the g, decision rule using a 10% probability level (see paragraph 4.42). At this level of catch,
the ratio of median spawning stock biomass to the pre-exploitation level was 53%. The Scientific
Committee noted that this catch level was an increase of 25% compared to the result from last
year's meeting and agreed that a change from last year's result was to be expected for three
principd reasons.  refinements in the formulation of the yiedd modd, revison of the recruitment
function and changes in other input parameters (see Annex 5, Table 14).

446 The Scentific Committee welcomed the refinements to the andyss usng the generdisd
yieddd model made during the intersessona period and at this year’s meeting of the Working Group.

4.47 The Sdentific Committee endorsed the conclusion of the Working Group that the results of
the yield modd projection described in paragraph 4.45 provided a reasonable basis on which to set
guiddines for the limits on tota removas of D. eleginoides in Subarea 48.3 during the 1996/97
Season.

448 The Scientific Committee endorsed the approach teken by the Working Group to
standardise CPUE using a GLM (Annex 5, paragraphs 4.97 to 4.107). Theam of thisanalysswasto
determine whether there were any annua trends in CPUE after accounting for the effects of any other
factorg/covariates that add to the variability in observed CPUE. Response variables considered were
vess type, month, area, depth and bait type. The GLM analyses followed the approach used at the
1995 meeting of the Working Group. Details of the methodology are provided in SC-CAMLR-XIV,
Annex 5, Appendix G.

449 The Scentific Committee endorsed the concluson of the Working Group that the GLM
andyses indicated that there has not been an appreciable decline in standardised CPUE during the
period 1992 to 1996. However, concern was expressed at the difficulties experienced by the
Working Group during the andyss of the catch and effort data in the CCAMLR database. The data
were checked for errors before the andlyss was conducted in order to exclude records that were



spurious or incomplete. The raw dataset contained 5 163 records, but the find dataset contained
only 2 740 records, 2 423 records being excluded from the andysis, principaly due to missing data.

450 Prof. Beddington pointed out that the plot of unstandardised catch ratesin Figures 5 and 6 of
the Working Group's report (Annex 5) should include dl data points, not just those remaning
following the error checking described in paragraph 4.49. Dr Watters explained that thiswas not in
fact the case and only the find dataset had been used.

451 The Scentific Committee expressed concern that the difficulties encountered by the Working
Group meant that this year it had not been possible to undertake as full an andysis of the CPUE data
as would have been desirable. Members were encouraged to resubmit historica haul-by-haul data
which will be specificaly requested by the Secretariat following a data audit.

452 The Sdentific Committee noted the preiminary andyss of length frequency data described in
Annex 5, paragraphs 4.109 to 4.113, and endorsed the proposa of the Working Group that the
andyss of the length digtribution of the catches should be pursued in the intersessond period,
including completion and validation of the available dataset by the Secretariat.

Future Work

453 The Sdentific Committee endorsed the areas of future work identified by the Working
Group in Annex 5, paragraph 4.115.

Management Advice

454 The Scientific Committee noted that in spite of information in the Working Group's report
from which it might be inferred that the level of unreported catches had probably falen in 1995/96
(see paragraph 4.35), unreported catches continue to be a cause for concern and solving the
problem of illega catches remains a high priority.

455 The Scentific Committee recommended the continuation of the current provisons for
reporting haul-by-haul and biologicd information from the fishery. In view of the problems
experienced by the Working Group in the andyss of CPUE data, the Scientific Committee dso
grongly encouraged the reporting of existing haul-by-haul data from the longline fishery prior to
1992, and of information missing from the database for haul-by-haul data from 1992 to the present
(paragraph 4.49). The Scientific Committee adso recognised the continued importance to the
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assessment work of the biologicd data and information collected by scientific observers, and
recommended that the 100% observer coverage applied to this fishery over the past three seasons
be maintaned. The Scientific Committee dso stressed the importance of timely submisson to the
Secretariat of data from observer trips, in the gppropriate formats, to enable them to be made
avallable for consderation by the Working Group (Annex 5, paragraph 3.16).

456 The Scientific Committee noted that, as at last year’s meeting, the assessment of yied was
based on the expectation that future catches will be taken only by longline vessels and recommended
thet the directed fishery for D. eleginoides in Subarea 48.3 should be restricted to longliners during
the 1996/97 season.

457 Theresults of the projections using the generdised yield modd indicated that an annud catch
of 5 000 tonnes goplied over a period of 35 years was consgtent with the g, decison rule. At this
levd of catch, the ratio of median spawning stock biomass at the end of the projection period to the
pre-exploitation level was 53%. The Scientific Committee recommended that this should be the
bassfor setting the catch limit for D. eleginoides in Subarea 48.3 during the 1996/97 season.

458 Additiond advice on the period of the fishing season is given in paragraph 3.46.

Champsocephalus gunnari (Subarea 48.3)

459 Despite a 1 000-tonne TAC for C. gunnari in Subarea 48.3 for thel995/96 season
(Conservation Measure 97/X1V), there was no reported commercia catch of C. gunnari. There has
now been no substantia reported commercia catch in Subarea 48.3 snce March 1990.

4.60 Two research surveys were conducted in Subarea 48.3 during 1995/96: an acoustic survey
by Russa in February 1996, usng the Rv Atlantida, and a bottom trawl survey by Argentina in
March/April 1996, using the Rv Dr Eduardo L. Holmberg (third in the series). The results of these
surveys were reviewed by the Working Group (Annex 5, paragraphs 4.125 to 4.135). The
Scientific Committee noted that this was the firg time that standing stock estimates had been made
for Channichthyidae usng acoudtic survey methodology.

4.61 The Scentific Committee endorsed the view of the Working Group that, due to the short
nature of the time series of relative aundance from the Argentinian trawl survey, the questions
surrounding the single estimate of abundance from the Russian acoustic survey which could not be
resolved at the meeting, and the clearly identified need to develop a long-term management strategy,
an assessment at this time was ingppropriate.
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4.62 Provison of this information in the soecified form ads in the consderation of the results of
surveys by the Working Groups. The Scientific Committee noted that condderable technical
expertise on acoudtic survey methodology was avallable in WGEMM and recommended that the
methods applied in acoustic surveys should be submitted to that Working Group, where they could
be reviewed in more detail than would be possble a WG-Fsa. The Scientific Committee recdled its
advice on the information required from resource surveys, developed during the ccAMLR Workshop
on the Design of Bottom Trawls held in 1992 (Draft Manud for Bottom Trawl Surveys in the
Convention Area — SC-CAMLR-XI, Annex 5, Appendix H, Attachment E, section 7) and at the 1990
meeting of WGKrill (SC-CAMLR-1X, paragraph 102).

4.63 The Sdentific Committee consdered management advice for C. gunnari in Subarea48.3in
the 1996/97 season before returning to the issue of along-term management Strategy for this species
inthisarea

Management Advice

464 The Sdentific Committee noted that WGFsA had not atempted a full assessment of
C. gunnari a thisyear's meeting (see paragraph 4.61).

4.65 The Sdentific Committee agreed that the development of a long-term management Strategy
for thisfishery remains a high priority (see paragraphs 4.71 to 4.75).

466 The Scentific Committee noted that a last year's meeting the Commisson dated that
(CCAMLR-XI1V, paragraph 8.26):

‘should a gmilar dtuation to the current one prevall a the next meeting of
the Commission, the fishery should be closed until the Scientific Committee

has,

(i) provided advice on a long-term management srategy for the stock;
and

(i) provided advice on the reopening of closed fisheries,

or has provided unanimous advice on an appropriate TAC for
C. gunnari in Subarea 48.3.



4.67 The Scientific Committee noted two different views expressed in the Working Group.

4.68 DrsP. Gasukov (Russa), V. Geraamchuk and E. Gubanov (Ukraine) considered that the
two surveys undertaken in 1995/96 and surveys undertaken previoudy provided sufficient
information on which to base recommendations for aTAC for C. gunnari in Subarea 48.3 during the
1996/97 season (Annex 5, paragraphs 4.159 to 4.163). Specificaly, taking into account:

(i) the results of a comparison of biomass estimates and corresponding catches in the
sameyedr;

(i) the successve increase in relaive aundance from results of recent Argentinian
urveys, and

(i)  the estimate of total biomass of around 43 000 tonnes by the Russian acoustic survey;

these members recommended that, bearing in mind the precautionary approach, the fishery for C.
gunnari should be opened with a TAC of 13 000 tonnes. This vaue is the lower 95% confidence
interva of the 1994 UK survey trawl survey biomass estimate.

4.69 Theres of the members of the Working Group considered that they were unable to provide
advice on an gppropriate long-term management Strategy or TAC at the present time and that the
gtuation regarding the assessment of C. gunnari remained substantidly the same as a last year's
mesting.

4,70 Advice on the reopening of closed fisheriesin generd is provided in paragraphs 6.1 to 6.12.
Deveopment of Long-term Management
Strategy for C. gunnari in Subarea 48.3
4.71 The Sdentific Committee noted that the Working Group had identified a number of issues
which need to be considered and tasks to be carried out before a long-term management Strategy
could be developed. These issues are discussed in Annex 5, paragraphs 4.137 to 4.154.
4.72 The Scientific Committee raised some concerns over paragraph 4.151 in the Working Group
report (Annex 5), in which the Working Group expressed the need to understand the ecosystem

processes occurring.  Prof. Beddington pointed out that the ability to predict long-term krill
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avalability in the area was likely to remain poor, dthough the prospects for making short-term
predictions were better.

4.73 Dr delaMare explained that it was not the intention of the Working Group to suggest thet all
of the issues liged in paragraph 4.151 (Annex 5) had to be resolved before the long-term
management Srategy could be developed. The intention was rather to highlight aress where
information would be needed for providing a basis for the sructure of the ecosystem modd and
plausble bounds on input parameters.

474 The Sdentific Committee agreed that this highlighted the need for the devdlopment of a
feedback style of fishery management, based on red-time monitoring of the fishery and the links
between C. gunnari and krill abundance.

475 The Sientific Committee agreed that it would require substantia resources to develop a
long-term management strategy for this fishery and endorsed the conclusion of the Working Group
that, for the reasons summarised in Annex 5, paragraph 4.155, the developmernt of the strategy
should nevertheless be given ahigh priority.

Chaenocephal us aceratus, Gobionotothen gibberifrons,
Notothenia rossii, Pseudochaenichthys georgianus,
Lepidonotothen squamifrons and Patagonotothen guntheri
(Subarea 48.3)

4.76 Edimates of biomass and Size composition for these species were available from the surveys
by Argentina and Russa, but for smilar reasons to those outlined for C. gunnari no assessment of
these stocks was attempted by the Working Group.

Management Advice
4.77 The Scientific Committee endorsed the recommendation of the Working Group that, in the

absence of a new assessment of these species, Conservation Measures 2/111, 31V and 95/XIV reman
in force and that Conservation Measure 76/X111 be extended to the 1996/97 season.
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Electrona carlsbergi (Subarea 48.3)
4.78 The Scentific Committee endorsed the recommendation of the Working Group that, in the

absence of any new information on this species, Consarvation Measure 96/X1V should be carried
forward for the 1996/97 season.

South Sandwich Idands (Subarea 48.4)
Dissostichus eleginoides (Subarea 48.4)
4.79 The Scentific Committee endorsed the recommendation of the Working Group that, in the
absence of any new information on this species, Consarvation Measure 92/Xx1v should be carried
forward for the 1996/97 season.
Bouvet Idand (Subarea 48.6)
Dissostichus eleginoides (Subarea 48.6)
4.80 The Sdentific Committee noted that notifications of the intention to conduct new fisheries for
D. eleginoides in Subarea 48.6 for the 1996/97 season had been lodged by Norway and South
Africaduring the intersessond period. Management adviceis given in section 8.
Statistical Area58
4.81 Catchesin Area 58 during the 1995/96 season consisted of 4 911 tonnes of D. eleginoides,
15 tonnes of L. squamifrons and 5 tonnes of C. gunnari, dl taken in Divison58.5.1, and 3 tonnes
of D. eleginoides taken in Subarea 58.6 (Annex 5, Table 21).
Ob and Lena Banks (Divison 58.4.4)
4.82 Consarvation Measure 87/x111, dlowing a catch o 1 150 tonnes of L. squamifrons on the
two banks, lapsed a the end of the 1995/96 season. Subject to the Commission’s conditions
associated with this particular conservation measure CCAMLR-XIII, paragraphs 8.52 and 8.53),

Ukraine indicated its desre to undertake a research survey in the 1994/95 season on
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L. squamifrons a Ob and Lena Banks following the plan endorsed by wG-Fsa and the Scientific
Committee (SC-CAMLR-XIII, paragraph 2.77). The Scientific Committee noted that no notification
had been recaeived from Ukraine for such a survey in accordance with Conservation Measure 64/XI1.
The Scientific Committee aso noted that Ukraine has expressed an interest in undertaking a biomass
survey in the area during the 1996/97 season.

Management Advice

4.83 The Scientific Committee recommended that Conservation Measure 87/X111 be extended to
cover the 1996/97 season provided that a biomass survey is undertaken and that this survey is of the
design approved by the Scientific Committee in 1994 (CCAMLR-XI11, paragraphs 8.52 and 8.53).

Kerguden Idands (Divison 58.5.1)

Dissostichus eleginoides (Divison 58.5.1)

4.84 The 1995/96 commercid fishery conasted of a French trawl fishery in the northern and
eastern sectors, which took 2 574 tonnes and 1 029 tonnes respectively, and a Ukrainian longline
fishery in the western sector, which took 1 003 tonnes. There was dso a joint French/Japanese
exploratory deep-sea longline cruise, which took 263 tonnes. None of these catches exceeded the
catch limits imposed by French authorities (Annex 5, paragraphs 4.199 to 4.202).

4.85 A GLM was used to standardise CPUE data from the French and Ukrainian trawl fisheries
(Annex 5, paragraphs 4.203 to 4.211). This andysis identified vessd, year and month as significant
sources of variaion in the data, but it supported the view that there had not been a decline in trawl
catch rates.

4.86 Thereaults of the GLM andydsin Annex 5, Figure 7, indicated arise in CPUE between 1992
and 1993 seasons, and a maintenance of that gpproximate level ance then. Although not analysed
by the Working Group, there is no indication of an increase in fish recruitment to explain this WG
FSA was requested to andyse length compostion of the catch to investigate this question.  Prof.
Duhamel suggested that CPUE is indicating increased fishing efficiency rather than the status of the
stock abundance.



4.87 As trawl fisheries target a limited age range of fish, CPUE does not give comprehensve
information on the ate of the spawning stock biomass. Recommendations are sought from WGFSA
on methods to improve the monitoring of the stock in this divison aswell as other aress.

4.88 One such method would be to use recruitment estimates based on trawl surveysfor this areg,
as used for Subarea 48.3 and Divison 5852. At the moment, no such survey data exist for
Divison 58.5.1.

Management Advice

4.89 The French authorities have dlocated TACs to the two trawling sectors for the 1996/97
season of 2 500 tonnes for the northern sector and 1 000 tonnes for the eastern sector. A catch
limit of 500 tonnes has aready been established for longlining in the western sector for the period
October to December 1996, and the number of vessds limited to two. The leve of catch by
longlining in the first Sx months of 1997 is not expected to increase, and will be in line with the 1993
recommendations of WGFSA.

490 For the western sector longline fishery, no further andyss of D. eleginoides has been
undertaken. There has been no decline in the trend of CPUE in recent years WGFsA-93/15 and
subsequent data), so the Scientific Committee recommended that the estimate of long-term
sugtainable yield, established during the 1994 meseting at 1 400 tonnes per split-year, be retained.

4.91 For the northern sector trawl fishery, the GLM analys's has not detected a sgnificant decline
in CPUE in recent years. The Scientific Committee therefore recommended that the TAC of 2 500
tonnes set by the French authorities be endorsed. Thisis adight decrease from the 2 800 tonnes set
in the previous year.

492 Given the uncertainty over the gpplicability of usng CPUE andyssto monitor the stock when
only asmdl part of it is susceptible to the fishery, the Scientific Committee recommended that WG
FSA should consider other ways of assessing fisheries such as this. In particular, it encouraged the
collection of trawl survey data on D. eleginoides in this divison so that an esimate of recruitment
can be made.

493 For the eastern sector, for which 1995/96 was the second year of fishing, the limit of 1 000
tonnes set in 1995/96 by the French authorities was considered an gppropriate precautionary catch
limit for 1996/97.



4.94 The Sdentific Committee fdt that the GLM andyds of factors affecting CPUE in trawl fisheries
is a useful technique, and recommended the continued reporting of catch and effort data on a haul-
by-haul bads. In addition, efforts should be made to acquire haul-by-haul data from the Ukrainian
authorities concerning their longline vesselsin the divison.

Champsocephalus gunnari (Divison 58.5.1)

495 There was no commercid fishing for this species in the 1995/96 season, dthough a smdl
number of trawls were made by a commercid vessd to gain information about the new cohorts
entering the population (Annex 5, paragraphs 4.218 to 4.220). The 1994 year class gppears
abundant, but at present is below the legd sze of 25 cm totd length under French regulations and
will remain so during a large part of the 1996/97 season, so no fishery is expected to occur. A
survey will be carried out in 1996/97 to assess pre-recruit biomass (1994 year class).

Management Advice

496 The Sdentific Committee reterates its advice from las year (SC-CAMLR-XIV,
paragraph 4.83) that the Kerguden shelf fishery for C. gunnari in Divison 58.5.1 be closed until at
least the 1997/98 season, when the cohort born in 1994 will have had an opportunity to spawn. The
Scientific Committee recommends that before this cohort is fished, a pre-recruit biomass survey be
conducted in the 1996/97 season to evauate the strength of the cohort a age 2+. These data
should be evauated a the 1997 meeting of WGFsA, and an appropriate level of catch
recommended.

Notothenia rossii (Divison 58.5.1)
— Management Advice

4.97 No new data on this pecies are available. The Scientific Committee therefore reiterated its
advice that the fishery for N. rossii remain closed until a biomass survey demondrates that the stock
has recovered to aleve that will support afishery (SC-CAMLR-XIV, paragraph 4.78).



Lepidonotothen squamifrons (Divison 58.5.1)

498 Exploratory fishing was carried out in the traditiond fishing aress for this pecies by French
trawlers, and length frequency and cPUE data were collected. The distribution of L. squamifrons
concentrations was found to be unchanged, but results are very dependent on the time at which the
survey is undertaken. A specific survey will be necessary to estimate the biomass and potentid yield
(Annex 5, paragraphs 4.224 to 4.226).

Management Advice

499 In the absence of a new assessment, the Scientific Committee recommended that the
Kerguden Shdf fishery for L. squamifrons should remain closed.

Heard Idand and McDondd Idands (Divison 58.5.2)

Dissostichus eleginoides (Divison 58.5.2)

4.100 In 1994 and 1995, WGFsSA had assessed the potentia yied of D. eleginoides in
Divison585.2 in a manner amilar to assessments of krill yidd. This was because the only
information available was two estimates of biomass from trawl surveys in previous years. These
assessments determined the proportion of the estimated biomass that satifies the two decision rules
used by the Commisson (see SC-CAMLR-XIII, paragraphs 5.18 to 5.26, for a discusson on the
goplication of these two rules). The resulting recommended TAC in both assessments was 297
tonnes, and Conservation Measure 78/xIVv specifies this figure as the TAC for D. eleginoidesin
Divison 58.5.2.

4.101 Thisyear, WGFSA reassessed this stock using improved techniques developed in 1995. This
involved gpplying the generdised yidd modd described in Annex 5, paragraphs 3.65 to 3.69, to
esimates of recruitment derived from two trawl surveys described in WGFsA-96/38. This was
essentidly the same method employed for D. eeginoides in Subarea48.3 (Annex 5, paragraphs
4.67 and 4.68), dthough different input parameters, principaly the age-specific sdectivity function,
were used to take account of the fact that the catches will be taken by trawling. The catch limit that
satidies the decison rules is 3800tonnes. Full details of the andyss are given in Annex 5,
paragraphs 4.228 to 4.234.



4.102 The Scentific Committee welcomed the refinements to the andyss usng the generdised
yiedd modd.

4.103 Thereason for the increase in the catch limit over the previous estimate of sustainable yidd of
297 tonnes involves two factors.  the refinement to the generdised yieddd modd and the use of the
new estimate of recruitment, rather than totd biomass, in the caculations. The explamgtion of this
difference liesin the assessment of recruitment, which reveded that the biomass estimates used in the
previous assessments were underestimates of the stock biomass because the trawl surveys had
sampled mostly the younger age classes.

4.104 The Scentific Committee noted that the Commission has previoudy decided that this fishery
does not condtitute a new or exploratory fishery (see CCAMLR-XIII, paragraph 6.1 and Conservation
Measure 78/X111). The Scientific Committee reeffirmed that the avalable information was sufficient to
determine, in accordance with paragraph 1 of both Conservation Measures 31/x and 65/X11, thet this
fishery should not be classfied as either anew or exploratory fishery.

4.105 Dr Croxal noted that consderation of the potentia impact on dependent and related species
of fisheries for D. eleginoides in other areas had not been able to incorporate data on the
occurrence of D. eleginoidesin predators diets. In the Heard Idand area, however, there is some
evidence that D. eleginoides occurs in the diet of eephant seds, they could consume quite
ubstantia quantities of fish even if these formed asmadl proportion of ther diet.

4.106 Dr delaMareinformed the Scientific Committee that there are some as yet unpublished data
on the frequency of occurrence of D. eleginoides in dephant sed somachs, amounting to 21 otoliths
among about 1 500 squid beaks. Sedls take reatively smal D. eleginoides, so that the overlap with
the fishery is incomplete. The abundance of smdl fish would not be reduced by afishery unlessthe
gpawning stock biomass was dramaticaly reduced, and the Commisson's decison rules are
designed explicitly to prevent this.

Management Advice
4.107 The results of the projections using the generalised yield modd gpplied to assessments of
recruitment indicated that an annud catch of 3 800 tonnes was condstent with the two decison rules

used by the Commisson. The Scientific Committee recommended that this should be the basis for
setting the catch limit for D. eleginoidesin Divison 58.5.2.
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4.108 The Scientific Committee noted that the assessment of yield was based on the expectation
that future catches will be taken only by trawling and recommended that the directed fishery for D.
eleginoides in Divison 58.5.2 should be redtricted to trawling during the 1996/97 season. Use of
other types of fishing gear such as longlines would change the age Structure of the catch. It was
recognised that the catch leve gpplied for longlining islikely to be greater than that for atrawl fishery
but the Scientific Committee did not consder such caich levels. Should there be an interest in
longlining in Divison 58.5.2 in the future, then the assessment using the generdised yidd modd can
be adjusted to take thisinto account.

4.109 The Scentific Committee recommended that because the locations of fishable aggregations
are not yet known, it would be gppropriate to apply some effort limitations during the expangon of

the fishery.

4.110 The Sdentific Committee recognised the importance to the assessment work of biologica
data and other information collected from Divison 58.5.2. The information can be collected both by
scientific surveys and through a scientific observer program. In view of the need for information, the
Scientific Committee recommended that at |east one observer be on board each vessdl.

Champsocephalus gunnari (Divison 58.5.2)
— Management Advice

4.111 Conservation Measure 78/X1Vv established a TAC of 311 tonnes for C. gunnari in Divison
585.2 on the bads of results from Audrdian biomass surveys. There is no new information
available to suggest any change to this figure. In the light of experience with the fishery for this
gpecies in Divison 58.5.1 &C-CAMLR-XIV, Annex 5, paragraphs 5.146 to 5.152), the Scientific
Committee recommended that the fishery for C. gunnari in Divison’58.5.2 should aso avoid taking
fish amdler than the Sze a firg spawning (about 28 cm tota length).

Generd

The Definition of ‘ Fishing Ground’

4.112 The Scientific Committee consdered the response of WGFSA to the Commission’s request

(ccaMLR-X1V, paragraph 8.5) in redion to the definition of fishing grounds given in the WG-FSA
report (Annex 5, paragraphs 4.1 to 4.4).



4.113 The Scentific Committee agreed that the term “fishing ground’ is confusing and should not be
used but replaced with a specific geographica definition.

4.114 The Working Group noted that, in ther present form, the conservation measures which am
to control by-catch could give rise to practicd problems in demanding that a fishing ground be
abandoned when the by-catch is greater than a given percentage of the tota catch, even though the
catch itsdf may be very smdl.

4.115 The Sdentific Committee deemed this to be a problem within the scope of scol. The
problem is the need to establish additiona criteria in the monitoring of the by-catch which are easly
goplied by fishermen and where compliance can be ascertained.

Future Work

4.116 When congdering the future work for WG-FsA, the Scientific Committee noted the substantia
increase in the workload to be performed by the Working Group in forthcoming years, and the
consequent increased workload for the Secretariat.

4.117 The Scentific Committee endorsed the detals of the future work required by WGFSA,
presented in Annex 5, paragraphs 9.2 to 9.7.

Crab Resources

4.118 The Sdentific Committee noted that a sngle us fishing vessd, American Champion, had
fished for crabs in Subarea 48.3 during the 1995/96 fishing season. The vessd targeted
P. spinosissima with P. formosa being returned to the sea.

4.119 The American Champion acted in accordance with the experimental harvest regime set
forth in Conservation Measure 90/XIv. The vess initiated Phase 2 of the experimentd harvest
regime on 4 November 1995 (the provisions of Phase 2 require vessels to concentrate fishing effort
in three squares each measuring gpproximately 26 nmiles?). The American Champion completed
Phase 2 of the experimentd harvest regime on 20 November 1995 and continued standard
commercid operations until 29 January 1996, when it stopped participating in the fishery.
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4.120 The American Champion has surrendered its Us-issued permit to fish for crabs in Subarea
48.3. American Sefoods South America (the company which manages American Champion)
does not currently consider this fishery to be economicadly viable.

4.121 In accordance with the Tenday Catch and Effort Reporting Sysem set forth in
Conservation Measure 61/XI11, catch and effort data for both the 1994/95 and 1995/96 crab fishing
seasons have been submitted to the Secretariat (Annex 5, Table 19). A total catch of 479 tonnes
was taken during these two seasons.

4.122 Data on the by-catch of D. eleginoides during the 1994/95 and 1995/96 fishing seasons
were also provided to the Secretariat (Annex 5, Table 20), and the Scientific Committee noted that
the by-catch in the 1995/96 season was lower than that in the 1994/95 season.

4.123 The decreased by-catch during the 1995/96 season probably resulted from changes in the
avalability of D. eleginoides to the crab fishing gear and not from physica changes in the design of
the gear itdf.

4.124 The Scentific Committee noted that severa andyses of daa collected during the
experimental harvest regime had been presented to WGFsA, including a review of the current
minimum gze limit for P. formosa. WGFSA reviewed these andyses (see Annex 5,
paragraphs 4.174 to 4.179) and came to three conclusions:

() data collected during Phase 1 of the experimenta harvest regime indicate that
estimates of locd crab abundance should not be extrapolated to the whole of
Subarea 48.3 solely on the bass of depth-specific seabed area (extrapolations must
consder area pecific differencesin crab dendty);

(i)  results from Phase 2 of the experimenta harvest regime suggest that there is not much
scope for using depletion estimators to estimate loca aundances of P. spinosissma;
and

(i) thereis not a sufficiently strong biologicd reason to revise the current size limit on P.
formosa (90 mm carapace width) set forth in Conservation Measure 9U/XI1V.

4.125 The Scentific Committee agreed that the experimentd harvest regime st forth in
Conservation Measure 90/X1Vv had provided va uable information and endorsed the views of WGFsA
in this regard (Annex 5, paragraphs 4.181 to 4.184). In particular, the Scientific Committee agreed
with the following points:
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() the wide geographic digribution of fishing effort required by Phase 1 was useful for
learning about the digtribution of P. spinosissima, determining where the areas of high
crab abundance are located, and providing information about whether the crab fishery
was likdly to be economicdly viadle;

(i)  the implementation of Phase 2 had successfully shown that local depletion estimators
cannot be used for estimating the abundance of P. spinosissima and that Phase 2 of
the experimenta harvest regime should be redrafted so that vessals are not required to
conduct depletion experiments during this phase; and

@) the experimentd havest regime has to date, been successful a controlling
development of the crab fishery.

4.126 Noting that data collected from the experimenta crab fishery did not provide a bass for
esimating crab abundance and dso that the crab fishery does not currently appear to be
economicaly viable, the Scientific Committee endorsed WG-FSA’s opinion that it was not necessary
to make an assessment of the crab stocks in Subarea 48.3.

4.127 Dr Holt concluded the discussion on crab resources by thanking the Scientific Committee
and WG-FsA for assstance in developing the experimental harvest regime and helping to ensure that
the crab fishery developed in a controlled fashion.

Management Advice

4.128 Since the crab stock was not assessed and since the us and the UK have indicated that some
fishing companies may dill be interested in participating in the crab fishery (paragraph 2.17), the
Scientific Committee recognised that a conservative management scheme is dill gopropriate for this
fishery. In particular, the Scientific Committee noted that the fishery should continue to be controlled
by direct limitations on catch and effort, as wdl as by limitation on the 9ze and sex of individud

crabs which may be retained in the catch. In this regard, the Scientific Committee noted that
Conservation Measure 9u/x1Vv contains such limitations and endorsed WGFSA’s recommendation
that this measure should continue to be gpplied to the crab fishery in Subarea 48.3.

4.129 In light of the conclusions presented in paragraphs 4.125(i) and (ii), the Scientific Committee
agreed that the experimentd harvest regime sat forth in Conservation Measure 90/x1v should be

revised in accordance with the following specific recommendations:
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() Phasel of the experimenta harvest regime should remain in force;

(i) Phases 2 and 3 of the experimental harvest regime should not remain in force in their
present form, but the regime should include provisions for requiring gpproximeately one
month of experimenta fishing effort during the second seeson of a vesd’s
participation in the fishery. The detalls of gppropriate revisons to Phases 2 and 3
should be consdered by WGFSA if any new vesss initiate participation in the crab

fishery; ad

(i) the experimenta harvest regime should include provisons for the placement of
scientific observers on the fishing vessds.

Squid Resources

4.130 Results from a research cruise conducted in Subarea 48.3 in June 1996 using a Korean
squid jigging vessdl had been discussed by WG-FsA (Annex 5, paragraph 3.56) (paragraph 2.19).

4.131 The Sdentific Committee noted that notification to initiate a new fishery for M. hyadesi in
Subarea 48.3 had been recelved from the Republic of Korea and the UK (paragraph 220). This
was considered under Agenda Item 8 (see paragraphs 8.2 and 8.3). Arising from this, the Scientific
Committee noted that an assessment based on predator food consumption had been considered by
WG-FSA. The Scientific Committee agreed that this gpproach should be reviewed at WG-EMM.

ECOSYSTEM MONITORINGAND MANAGEMENT

Report of WG-EMM

51 In its discussons leading to an ecosystem assessment, WG-EMM considered trends in
harvested species, dependent species and the environment and interactions between them. Trendsin

harvested species were discussed under Agenda Item 4, and trends in dependent species under
Agendaltem 3.
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Environment

5.2  The Sdentific Committee noted that, in order to obtain a better understanding of krill flux, a
practica index of current flow is required (Annex 4, paragraph 5.2).

5.3  Seasurface temperature (SST) is widdy seen as being an important environmenta variable.
SST data have been included on the CCAMLR database and a prdiminary index of SST has been
developed by WG-EMM. The Scientific Committee noted that further consderation of an SST index
would be possible only &fter interactions in the ecosystem had been studied (Annex 4, paragraph
5.6). Data on bathymetry are aso considered important for an understanding of both ecologica and
fishery interactions (Annex 4, paragraphs 5.11 to 5.13).

54  The Scientific Committee noted that some progress had been made on incorporation of sea
ice information into assessments, but further condderation of this topic is needed (Annex 5,
paragraphs 5.7 and 5.14 to 5.22). Consderation has aso been given to water circulation with
respect to SsT, bathymetry, and sea-ice (Annex 4, paragraphs 5.23 to 5.27).

55 Information had been provided to WG-EMM which indicated that an increase in mean
temperature has been taking place over the past decade and the implications of this for krill were
discussed (Annex 4, paragraphs 5.28 to 5.31). The Scientific Committee noted the view of
WG-EMM that a better understanding of interactions within the system would be obtained by
encouraging a more active participation by physica oceanographers who have a particular interest in
helping to solve biologica problems.

By-catch of Fishin the Krill Fishery

56 WGEMM hasreviewed new data and anayses by Japanese scientists of by-catches of fishin
the krill fishery (Annex 4, paragraphs 6.1 to 6.3). It recommended that these data, augmented by
length compogtion data for the mogt abundant species, should be incorporated into the
comprehensive review of fish by-catches being undertaken by a correspondence group under the
coordination of the Science Officer, Dr E. Sabourenkov. It has aso requested that by-catch studies
be extended to cover seasons other than the austral summer.

5.7  The Sdentific Committee welcomed the provison of the new data and andyses, noting with
gratitude that further data, including hisgoricd Russan data from krill surveys, have dso been
provided to WG-FSA (Annex 4, paragraphs 5.8 to 5.12). It endorsed the recommendations of WG-



EMM on fish by-catch studies and looked forward to receiving the fina report of the correspondence
group.

I nteractions between Harvested Species and the Environment

5.8  When atempting to relate krill ditribution and recruitment to environmentd variables, WG
EMM had identified a need to establish the degree of linkage between mgor concentrations of krill,
to determine the Sze of areas in which smilar variation takes place, and to establish to what extent
observed variation could be explained by changes in krill production within an area, as opposed to
movement of krill from area to area (Annex 4, paragraph 6.9). The Scientific Committee endorsed
WG-EMM'’s conclusion that the implications of these points with respect to the Sze of management
areas used by CCAMLR should be considered.

5.9  The Sdentific Committee noted WG-EMM'’s discussion of the extent of variation in krill
recruitment and its underlying causes. It endorsed the conclusion that the next step should be to
derive an absolute recruitment index. It noted that further work was needed on the interpretation of
recruitment indices and thar reaionship with searice and other environmentd variables (Annex 4,
paragraphs 6.10 to 6.21).

510 The present krill yield mode is based on the assumption that there is no tempora trend in
krill recruitment. Evidence has been provided to wWG-EMM which indicates that there may have been
a decline in krill recruitment and abundance in Subarea 48.1 and possibly other subaress, arisng
from environmenta changes. In the event that Sgnificant red trends are demondtrated, the Scientific
Committee recognised that further development of the krill yidd modd may be required. It dso
noted that refinements of the krill yield mode to account for environmentd effects on krill growth and
mortality need to be consdered (Annex 4, paragraphs 6.22 to 6.24).

Interactions between Harvested Species and the Krill Fishery

511 The Sdentific Committee noted that analyss of haul-by-haul data from the krill fishery
indicated that in Areas 48 and 58, the fishery was concentrated at |locations which appear to be
asociated with environmentd feetures, such as topographicdly induced eddies. The Scientific
Committee endorsed the concluson of WG-EMM that the provison of haul-by-haul datawill improve
our understanding of factors respongble for the local aggregation of krill (Annex 4, paragraph 6.25).



I nteractions between Dependent Species and the Environment

512 The Sdentific Committee noted WG-EMM'’ s discussions on the relationship between penguin
breeding success and locd environmentd variables, such as searice didribution. It endorsed the
request for Members to prepare formats for data submission and to suggest how appropriate indices
might be cdculated (Annex 4, paragraphs 6.30 to 6.36).

I nteractions between Dependent Species and Harvested Species

5.13 The Scentific Committee noted new developments in studies on diet, energy budgets and
foraging ranges of birds and marine mammds in the Convention Area (Annex 4, paragraphs 6.38 to
6.42). It endorsed the standing request to Members to monitor and update annualy data on these
aspects (Annex 4, paragraph 6.37). It aso noted that studies on interactions between dependent
species and their prey had highlighted the need for precise information on diet, feeding activity and
diving behaviour in relation to the types of prey available (Annex 4, paragraphs 6.43 to 6.46).

514 Two approaches to moddling the relations between dependent species and prey were
discussed by wG-EMM. The firg of these investigated the effects of fisheries on krill predators,
congdering processes a the levd of aforaging trip, rather than at the leve of population effects. The
Scientific Committee noted that this gpoproach would be of particular relevance to ecosystem
assessment (Annex 4, paragraphs 6.47 to 6.55). The second approach involved modelling
functiond relationships between predators and prey. Initiad models have been developed for fur sedl,
black-browed abatross and Adéie penguin. The Scientific Committee endorsed the plans for
further development of these models developed by WG-EMM (Annex 4, paragraphs 6.56 to 6.61

and Appendix F).

5.15 Prof. Moreno welcomed the progress that had been made in understanding the interactions
between dependent and harvested species, but queried the agpparent absence of studies in which
krill-eating fish are treated as dependent species.

5.16 Dr Everson noted that one example of such astudy involving C. gunnari has been discussed
by WG-FsA (Annex 5, paragraphs 4.149 to 4.153). Asthiswork progresses, it may be appropriate
for it dso to be discussed by WG-EMM.



Overlap between Fisheries and Dependent Species

5.17 For anumber of years, the Secretariat has been caculating the criticd period-distance (CPD)
index. Last year, it was agreed that the derivation and use of this index should be reviewed. This
issue had been considered by WG-EMM’s Subgroup on Statistics. Four levels a which the andyss
of niche overlgp may be consdered were identified (Annex 4, paragraph 6.63 and Appendix H).
The current cPD index is based on a potentia overlgp modd. An dternative approach, which
caculates a redlised overlap index, is provided by the Agnew and Phegan (1995) model, however,
WG-EMM nhoted that neither the modd, nor its parameter vaues, had been evauated by the Scientific
Committee or its working groups (Annex 4, paragraph 6.72).

518 The Scentific Committee noted that this was a particulaly complex subject on which
consderable further work was needed (Annex 4, paragraphs 6.65 to 6.79). It endorsed the
suggestion by wG-EMM that progress could be made intersessondly on the redised overlap index if
the Agnew and Phegan mode were evduated criticdly in terms of its assumptions and the values of
parameters used. It agreed that this task should be initiated through the wG-EMM Subgroup on
Satidics and dso by inviting submissions to the subgroup of additiond or dternative vaues of
parameters, including those suitable for extending the generdity of the modd beyond the Sedl Idand
area (Annex 4, paragraph 6.80).

5.19 Inréeation to the additiona data and andyses that would be needed by the subgroup for the
review, the Scientific Committee agreed with the proposa from wG-EMM that the Secretariat should
be asked to request data or andyses describing, for dl relevant sites and species, (i) monthly
esimates of typica diet compostion, maximum and moda foraging range and direction, (ii) finer-
scde foraging data where possible, and (iii) estimates of the above derived from close and/or smilar
gtesif the information is not available for the specific CEMP Ste.

520 The Sdentific Committee noted the expectation of WG-EMM that this process would lead to
the development of one or more versons of the realised overlgp mode. The indices of overlap
provided by this gpproach would be expected ultimately to replace those currently cadculated using
the potentia overlgp modd. However, the current indices would continue to be caculated for the
time beng, paticulaly until implications rdating to krill flux are better undersood (Annex 4,

paragraph 6.82).

5.21 Mr Ichii emphassad his view that the current potentiad overlap index was ingppropriate and
should be replaced by one based on redised overlap. He noted, however, that a commonsense
gpproach should be taken when identifying redised overlap. In Subarea 48.1, for example, the



foraging range of fur sedls depends on the digtribution of available myctophids, aswdl askrill. Also,
the relative food consumption of the different predators should be taken into account.

5.22 Dr Croxdl noted that:

()  this was not the consensus view ether of the Subgroup on Statistics (see Annex 4,
paragraph 6.65) or of WGEMM (see e.g. Annex 4, paragraph 6.75);

(i) the exiging formulation of the redlised overlgp mode was, a best, gpplicable only to
penguins in the vicinity of Sed Idand and WGEMM had agreed that it was essentid to
criticaly evaduate thismodd in terms of its assumptions and the parameter vaues used
(Annex 4, paragraph 6.80); and

@) WGEMM had agreed to try to develop redised overlap models for appropriate
combinations of species, dtes and areas (Annex 4, paragraph 6.81) but they would
need to be based on empirica data on diet and distribution of predators rather than on
assartions concerning these.

523 The Sdentific Committee agreed that ultimately overlap indices would probably be
cdculated on agte-by-dte basis.

Andyss of Datafrom CEMP Indices

5.24 The Scentific Committee noted that integrated andyses have shown that some CEMP indices
may show rather different and more complex responses than those which were previoudy assumed
(Annex 4, paragraphs 6.85 to 6.88). Arisng from discusson on an initid multivariate anadyss usng
data on chingtrgp penguin breeding success, krill dendgty and searice extent, a regresson model

linking breeding success to searice extent was condructed (Annex 4, paragraph 6.90). The
Sdientific Committee wel comed this gpproach to the analysis of CEMP data.

5.25 The Scientific Committee agreed that a workshop should be held intersessondly to address
uncertainties regarding the relationship between indices of harvested and dependent species at
gpecific dtes and aso between subareas in Area 48. The main focus would be on examining long
time series of datain the area. The terms of reference for the meeting would be:

() identify the extent of between and within-season variation in key indices of the
environment, harvested species, and dependent species over past decades,

57



(i)  identify coherence in the indices between Stes and clarify understanding of the linkages
between Subareas 48.1, 48.2 and 48.3,

(i)  deveop working hypotheses; and

(iv) provide asummary report for consideration by the 1997 meeting of WG-EMM.

The meeting will be held inthe usa (loca organiser, Dr Holt).

Ecosystem Assessment

5.26 The Scientific Committee welcomed the consderable progress that has been made this year
in the andlyds of the CEMP indices, particularly the identification of anomalies and trends. It noted,
however, that some further work is required, particularly on the treatment of indices which are not
normaly digtributed. It further noted that, because of this, it was not yet possible for WG-EMM to
present a table of datidticdly rdiable anomdies. In its place, WG-EMM had developed a table
presenting the information as standardised normd deviaes for dl years. These are set out in Annex
4, Table 4. The Sdentific Committee noted that this table is hdfway between the previous
quditative subjective presentation of data in last year’s report and a future quantitative presentation
of anomalies, which is one of the goads of WG-EMM.

5.27 The Sdentific Committee joined WG-EMM in congratulating the Secretariat on the new
andyss that had been conducted and endorsed the Working Group’s recommendation that similar
presentations be made in future years. It dso agreed that further development should be undertaken
by individud research communities with specific experience of individua CEMP Stes. It noted that
the full set of rav CEMP data and a table of the indices caculated by the Secretariat, are now
avalable for Members to use in such investigations, in accordance with the rules of access to
CCAMLR data.

5.28 Udng theinformation in Annex 4, Table 4 and other indicators contained in papers presented
to the meeting, WG-EMM derived an ecosystem assessment for 1995/96. Thisis given in Annex 4,
paragraph 7.2 and is summarised below.

5.29 For Subarea 48.1, there is evidence for a strong 1994/95 krill year class, and predator
breeding success was aso high. For Subarea 48.2, there are no time series data on prey

abundance, but predators experienced a good breeding year. In Subarea 48.3, krill were more
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abundant than in previous seasons and predators experienced a better-than-average breeding
season. Overdl in Area 48, there is some coherence between events throughout, with 1995/96
being a cold year with better-than-average krill abundance and predator performance.

5.30 In Divison 58.4.2, fallowing the tota failure of breeding Adéie penguins a Béchervaise
Idand, which occurred as a result of alocd krill shortage, most breeders returned in 1996 dthough
breeding success was a little lower than norma. No information on prey abundance was available.
In Divison 58.4.1, a krill survey discovered higher krill abundance in the western portion of the
subarea than in the eastern portion, dthough no other historica surveys were available to endble an
assessment to be made of the relative abundance of krill in the 1996 season.

5.31 In Subarea88.1, predator performance in the Ross Seawas a an average level in 1996.

Strategic Moddling

532 The Sdentific Committee noted that WG-EMM had further consdered the conceptud
framework developed last year (Annex 4, paragraphs 7.34 to 7.42). At present, most effort by
WG-EMM is devoted to improving the understanding of the processes and linkages between
harvested species, dependent species, the environment and the fishery. It endorsed WG-EMM'S
view that its ultimate am should be to develop effective mechaniams for management of the
ecosystem, as envisaged in the ccAMLR Convention.

5.33 In light of discussons concerning Annex 4, paragraphs 7.24 to 7.30, Dr K. Shust (Russa)
noted thet the large figure given in WG-EMM-96/66 for krill consumption by fur seds and penguinsin
Subarea 48.3 indicates that dl previous caculations produced sgnificant underestimates of krill
biomass in the subarea, and that the fishery removed an infinitesma part of the total sock. On the
other hand, if the figures for potentia krill consumption by South Georgia fur seds are correct, then
the increase in abundance of this predator over the last few years in Subarea 48.3 and the possible
impact of this on other krill consumers are cause for concern.

5.34 Inthisregard, Dr Shust proposed that the abundance dynamics of South Georgia fur sedls
be studied thoroughly and, if the population is indeed increasing very rapidly, that the possibility of
controlling the numbers of this predator be discussed together with specidists from SCAR and
peciaigts on Antarctic fur sedls.

5.35 Dr M. Naganobu (Japan) agreed thet further study of this issue was needed and proposed
that it should be discussed at the next WG-EMM mesting.
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Ecosystem Implications of Proposals for New Fisheries

5.36 Condderaion by wG-EMM of the ecosystem implications of proposds for new fisheriesis
discussed under Agenda Item 8. The Scientific Committee agreed, however, that wG-EMM should
further consider the ecosystem components related to squid at its next meeting (Annex 4, paragraph
7.54).

Future Work

5.37 The Scentific Committee was pleased to note that a number of tasks identified at previous
mestings of WG-EMM had been completed (Annex 4, paragraph 7.57). It noted that further work
was needed on other tasks previoudy identified, as listed in Annex 4, paragraph 7.58, and it dso
noted the additiond tasks identified during the most recent meeting of WG-EMM (Annex 4,

paragraph 7.59).

5.38 The Sdentific Committee recommended that the Subgroup on Statistics should meet during
the intersessona period with the following terms of reference:

() devdopment of indices of at-sea behaviour and methods of deriving them via
andydss of sample datasets,

(i)  further review of identification of anomaiesin CEMPindices,

(i)  methods for deding with missing vauesin multiple datasets, and

(iv) critica evduation of the assumptions and parameter vaues of the Agnew and
Phegan (1995) model of redlised overlap.

5.39 The Scientific Committee endorsed the gppreciation shown by WG-EMM to Dr Agnew for
his mgor contribution to the work of wG-EMM. It dso joined WG-EMM in thanking Norway for
hogting the meeting.



Daa Requirements

540 The Scentific Committee endorsed the following conclusons of WG-EMM in relation to data
requirements.

() the continued collection and andyss of time budget data from the krill fishery is
encouraged (Annex 4, paragraph 2.11);

(i)  because of thar utility, the submisson of haul-by-haul data from the krill fishery should
continue to be encouraged (Annex 4, paragraphs 3.28 and 3.29); and

(i)  studies on the occurrence of fish in krill catches should continue in accordance with the
recommended methods (Annex 4, paragraph 6.1).

Adviceto the Commisson

541 Advice to the Commisson in relation to precautionary catch limits for krill is given in
paragraph 4.27.

MANAGEMENT UNDER CONDITIONS OF UNCERTAINTY
ABOUT STOCK SIZE AND SUSTAINABLE YIELD

Resumption of Fishing

6.1 Atlast year's meeting, the Commission recognised that no clear policies or measures exist to
manage fisheries which have been closed but are under consideration for reopening (CCAMLR-XIV,
paragraph 8.26). The Commission requested the Scientific Committee to provide advice on this
metter. Dr Holt introduced SC-CAMLR-XV/BG/11 which outlined some suggested procedures to
apply to the resumption of a closed fishery.

6.2 WGFSA advised the Scientific Committee of its deliberations on the matters raised in
SC-CAMLR-XV/BG/11, over the definition of a resumed fishery, under what conditions a fishery might
be reopened, and whether the existing conservation measures for new (Conservation Measure 31/X)
or exploratory (Conservation Measure 65/X11) fisheries could be used instead. WGFSA recognised
that fisheries may lgpse for a variety of reasons (including both economic and sugtainability factors),
and resumption may therefore need to be considered case by case.
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6.3 WGFSA agreed that information and procedures smilar to those required for the initiation of
a new fishery (Conservation Measure 31/X) and/or for the execution of an exploratory fishery
(Conservation Measure 65/x11) should be required during the resumption of a closed fishery. For
example, guiddines for a Data Collection Plan and a Research and Fishery Operation Plan, which
arerequired for new and exploratory fisheries, should be consdered.

6.4  However, WGFSA recognised that the requirement for a survey prior to the resumption of a
fishery might aso be best consdered case by case. For example, the Commission requires a survey
be completed before closed areas (Subareas 48.1 — Consarvation Measure 72/x11 and 48.2 —
Conservation Measure 73/x11) are reopened for fishing and has required a survey be conducted
before directed fishing on a depleted speciesis resumed (Conservation Measure 97/X1v). However,
the Commisson does not require a survey before the initiation of a new fishery and may not require a
survey before reopening afishery which had closed for reasons other than stock depletion.

6.5 Inadl cases, WGFsA conddered it highly desrable for prior notification of the intertion to
resume a fishery to be provided so that an assessment of the status of the stock can be made and
management advice given to the Scientific Committee and Commisson. To this end, WGFsA
recommended that the Commisson maintain aregister of lgpsed fisheries.

6.6  The Sdentific Committee recognised that one of the key issues in resuming a fishery which
has not been exploited for some time is uncertainty over the current Satus of the stocks. There are
two badc cases. Thefirg iswhere afishery has been closed asaresult of the Commission adopting
a specific conservation measure due to an assessment that the stock has been overfished (eg. N.
rossi in Subarea 48.3). The second basic case is where fishing activity has ceased for other
reasons, for example due to lack of commercid viability. An example of such a case is the fishery
for the myctophid E. carlsbergi in Subarea 48.3.

6.7  The Scentific Committee consdered that reopening a fishery which has been closed by a
conservation measure requires an up-to-date stock assessment by the Scientific Committee and its
working groups to develop management advice on whether the stock has sufficiently recovered, and
to recommend an appropriate TAC. In most cases, a reassessment will require recent information on
stock abundance from a scientific survey. Scheduling a reassessment will require prior notice of
intent to reopen a fishery so that the required scientific and assessment work can be done. The
Scientific Committee noted that its current procedure of seeking information from Members about
future fishing plans during its annua meeting has proved unrdigble.  Therefore the Scientific
Committee considersthat aforma notification procedure would be more reliable.
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6.8 In the case where a fishery has lapsed rather than been closed by a conservation measure,
the Commisson’'s recent practice in the ingance of the myctophid fishery was to adopt a
precautionary TAC based on a method of assessment which takes uncertainty into account in such a
way that the assessment remains gpplicable for an indefinite time.  When fisheries gppear to have
lapsed, the Scientific Committee should, wherever possible, attempt to calculate precautionary catch
limits which could then remain in force in caxe a fishery recommences. Once a fishery has
recommenced, normal assessments can be resumed as further information on the status of the stocks
is acquired. The Scientific Committee recognised that to ensure that new information becomes
avallable to revise the assessmernts, it should develop data plans and improved assessment methods
as required when it is notified that the fishery isto be resumed.

6.9 A specid case is exemplified by C. gunnari, where a long-term management drategy is
under development. In the case of this species, the status of the stock in Subarea 48.3 is uncertain,
and the avallable information indicates that it can fluctuate in abundance over a large range in an
apparently unpredictable manner.  One possibility that may be consdered in the long-term
management strategy is that when it appears that the stock isincreasing, alow TAC can be set based
on information such as the low end of the range of previous TACs or stock Sizes. Such an
arrangement, in conjunction with an appropriate survey and other eements of an experimenta fishery
regime, could dlow a fishery to proceed when strong year classes enter the stock. Asin the first
case, a notification of intent to resume exploitation is necessary o that survey and other data
collection requirements can be coordinated and reviewed by the Scientific Committee and its
working groups.

6.10 A further specid case is where an early exploratory fishery lapsed and no assessment has
ever been completed. An example of such a case is some exploratory fishing for P. antarcticum
which was carried out in Divison 58.4.2 during the 1970s. Resumption of such a fishery could be
regulated as if it were ether a new fishery or an exploratory fishery. Similarly, for the case of the
recent exploratory fishery for crabs in Subarea 48.3, an assessment has not yet been undertaken and
s0 some form of exploratory fisheries measure could be retained so as to be in force should there be
an interegt in resuming the fishery.

Stock Identity

6.11 An important factor which needs to be taken into account in the further development of
management under uncertainty is uncertain stock identity in D. eleginoides over its wide area of
distribution which probably continues across statistica boundaries insde and outside the Convention
Area. A reated problem is whether exigting Statistica boundaries might lead to D. eleginoides and



D. mawsoni being taken in amixed species fishery. Thus, studies on stock identity, Species overlap,
fish movement and dispersal have a high priority, paticulaly in lignt of the increese in the
geographica spread of fishing. If uncertainty in stock identity cannot be overcome by further direct
research in the near future, the properties of the assessment methods with respect to uncertain stock
identity will require further sudy.

Feedback Management for Dissostichus eleginoides

6.12 Another arearequiring further development is the identification of suitable feedback methods
to apply to the D. eeginoides fisheries. The current assessment method is based on estimating the
absolute abundance of young fish by means of trawl surveys. However, the abundance of the tota
stock cannot be directly estimated in this way, and currently there is no reliable method available for
monitoring trends in the total stock. WG-FsA is exploring the properties of methods which may be
useful for this purpose, including standardised indices based on CPUE, monitoring changes in the
length digtribution of the catches and continuing direct monitoring of recruitment. The next step isto
develop a strategic mode which will dlow the properties of these methods to be examined for their
possible incluson in a feedback management system. This work will have a substantid overlgp with
the strategic modelling approaches currently under development for managing krill fisheries and for
the development of a long-term management drategy for C. gunnari. Uncertainty over stock
identity can be incorporated into the population components of the strategic models.

SCIENTIFIC RESEA RCH EXEMPTION

71 In 1994, the Commisson requested the Scientific Committee to condder the
appropriateness of the 50-tonne catch limit for krill in repect of the scientific research exemption
provisons of Conservation Measure 64/XI11 (CCAMLR-XIII, paragraph 9.4). Since no information
was availadle to the Scientific Committee last year, Members were requested to provide relevant
information and the matter was referred to WGEMM for consderation (SC-CAMLR-X1V, paragraph
1.2).

7.2  The Sdentific Committee noted that WGEMM had not provided specific advice on the
above. However, it was agreed that current levels of catches of krill for scientific research are at
levels which are unlikey to compromise the intent of the requirement set out in paragraph 3 of
Conservation Measure 64/X11.



7.3  The Sdentific Committee therefore advised the Commission that it will keep the 50-tonne
catch limit for scientific research exemption for krill under review. Should the current Stuation
change, the matter will be looked at again and advice developed accordingly.

NEW AND EXPLORATORY HSHERIES

8.1 Five natifications of intent to initiate new fisheries in 1996/97 under Conservation Measure
31X were received by the Commission (Table 8).

Table8: Summary of notifications of intent to initiate new fisheries under Conservation Measure 31/X in

1996/97.

Member Fishery Area Document No.
Republic of Koreasd UK | Squid Subarea48.3 CCAMLR-XV/7
Australia D eleginoides, Division 58.4.3 CCAMLR-XV/9

D. mawsoni, other species
Miscellaneous species Divison 58.5.2
New Zealand D. eleginoides Subareas 88.2, 88.1 CCAMLR-XV/8 (Rev. 1)
Norway D. eleginoides Subarea 48.6 CCAMLR-XV/10 (Rev. 1)
South Africa D. eleginoides Subareas 48.6, 58.6, 58.7 CCAMLR-XV/11
Divisons58.4.3,58.4.4

New Fishery for M. hyades in Subarea 48.3

8.2  The Republic of Korea and the UK jointly submitted a notification for a new fishery for M.
hyades in Subarea 48.3 (CCAMLR-XV/7). The proposa was for two vessels to harvest up to 2 500
tonnes of M. hyades. WGFSA considered this proposal in depth (Annex 5, paragraphs 4.11 to
4.14).

8.3  The Sdentific Committee noted the precautionary approach proposed for this fishery and
endorsed WG-FSA' s advice regarding data collection for this fishery.

New Fishery for D. eleginoidesin Subarea 48.6

84  Norway submitted a notification (CCAMLR-XV/10 Rev. 1) for a new longline fishery for D.
eleginoides in Subarea 48.6. WGFSA was unable to comment on the proposa as there was no



information on caich levels, the biology of proposed harvested species, dependent/associated
species-effects or comparisons with amilar fisheries.

8.5  Claification by Norway indicated that the notification was preliminary and that no permit had
been issued for fishing during 1996/97. Appropriate information for review will be provided in the
future. It was noted that the intent was to distribute fishing activity widely within Subarea 48.6 in
order to maximise fisheries data collection.

New Fishery for D. eleginoides, D. mawsoni and
Mixed Speciesin Divisons 58.4.3 and 58.5.2

8.6  Audrdia submitted a notification (CCAMLR-XV/9) for a new bottom trawl fishery in Divison
58.5.2 which was smilar to that submitted last year (CCAMLR-XIV, paragraph 6.1). This fishery
proposes to take up to 50 tonnes per species (other than C. gunnari and D. eleginoides, which are
subject to TACs under Conservation Measure 78/X1V) and to dlow a bottom trawl fishery in Divison
58.4.3 with a catch limit of 200 tonnesfor D. eleginoides and D. mawsoni combined.

New Fishery for D. eleginoides in Subareas 88.1 and 88.2

8.7  New Zedand submitted a natification of its intention to initiate afishery for D. eleginoidesin
Subareas 88.1 and 88.2 (CCAMLR-XV/8 Rev. 1) which includes a plan of data collection and afishery
operation protocol. The natification proposes setting precautionary limits of 2 500 tonnes per
datigtica area with subarea limits between 200 and 1 500 tonnes being distributed by rectangles of
0.25° latitude by 0.25° longitude on the basis of catch limits established during limited periods of
fishing. Catch rates are to be used to terminate fishing in specific rectangles and to provide criteriato
be applied to the resumption of fishing.

8.8 A question was raised whether proposed plans included strict adherence to Conservation
Measure 29/X1V for the avoidance of incidental mortdity. New Zedand noted thet if a permit were
to be issued, full compliance with mitigation messures for the avoidance of incidental mortaity would
be required.

8.9 It wasnoted that the smadl sze of the rectangles could be problematic; for example, taking 1
500 tonnes from such asmal rectangle could be detrimentd to the stock.



New Fishery for D. eleginoidesin Subareas 48.6,
58.6, 58.7 and Divisons 58.4.3 and 58.4.4

8.10 South Africa submitted a proposa (CCAMLR-XV/11) for alongline fishery for D. eleginoides
in a number of aress in the Indian Ocean which have never been fished (eg., Subareas 48.6 and
58.7) or where South Africa has not fished (e.g., Divisions 58.4.3 and 58.4.4). It was noted that the
management plan described a data collection plan and fishery operation protocol. It proposes
Seiting precautionary catch limits by gatisticd area (alimit of 3 200 tonnes per area was chosen
based on higtoric catches from Subarea 48.3) with locd limits of between 200 and 800 tonnes being
digtributed by rectangles of 0.5° latitude by 1.0° longitude depending on the catch rates achieved
during specific periods of fishing.

8.11 A guestion was raised as to whether Conservation Measure 87/X111, regulating the fishery for
L. squamifrons in Divison 58.4.4 on the Ob and Lena Banks, applies to the proposed new fishery
for D. eleginoides. This measure requires the by-catch of D. eleginoides to be reported monthly.
It was aso noted that this conservation measure, which specificaly gpplies to trawl fishing, expires
during the 1995/96 season.

8.12 South Africa noted that any current conservation measure in force would apply to the
proposed fishery. With regard to Conservation Measure 87/XI11, the reported by-catch of
D. eleginoides from the Ob and Lena Banks would be included in any TAC established for the new

longline fishery.

8.13 Additiondly, South Africa noted that Conservation Measure 29/XIv, designed to minimise
incidental mortdity of seabirds, would apply to the proposed fishery. The period of fishing was
noted as a potentid issue because it may be difficult to adhere to night-time setting of longlines as
mandated in Conservation Measure 29/X1V if fishing is alowed for a 12-month period.

8.14 Claificaion was requested from South Africa on item (3).(g) in its proposed fishery plan
(ccaMLR-xV/11); this specifies that the by-catch of species other than D. eleginoides shdl not
exceed 50 tonnes. If this was exceeded, the fishable resource would become a new fishery and it
would not commence until the notification procedure requirement under Conservation Measure 31/X
was fulfilled. This plan was consdered gppropriate for the mixed speciesfishery.

8.15 The Scientific Committee was encouraged by the thoroughness of the South African plan for
the collection of data, including environmental, catch and effort and biological data
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8.16 The Scientific Committee endorsed the observation of WGFSA (Annex 5, paragraphs 4.19
and 4.20) that a number of generd principles, particularly with reference to finfish, were common to
al five natifications of new fisheries.

8.17 These principles for the new fisheries for D. eleginoides (which could be applied to other
new fisheries to some degree) are asfollows:.

()

(i)

(i)

(v)

(v)

CCAMLR should adopt a common and integrated approach to aress likely to be
developed by new fisheries,

as part of such an integrated approach, the gpplication of Conservation Measure 31/X
should articipate the requirements of Conservation Measure 65/XI11 by setting up
sientificaly-based data collection and fishery/research operation plans.  This will
facilitate the acquidition of data necessary to manage the development of new fisheries
in accordance with CCAMLR' s precautionary approach;

precautionary catch limits should be determined for dtatistical areas usng avalable
information (e.g. based on catches from samilar fisheries esewhere and/or on aress
likdly to be auiteble for fishing). Limits for smaler areas (eg. rectangles of 0.5°
latitude by 1.0° longitude) should aso be developed. These will serve to ditribute
catch and fishing effort while augmenting the collection of relevant information over a
wide geographic areain away that should reduce the risk of localised overfishing;

the collection of crucid fisheries and biologicd information mandates the deployment
of scientific observers, and

accurate pogdtiond information is essentid, paticularly if fine-scae rectangles are
applied, if the fishery should follow stock across the Convention Area boundaries (as
appears to be the case for D. eleginoides in Subarea 58.7 and on the banks adjacent
to Subarea 48.3) or if the fishery should move between subareas within the
Convention Area.

8.18 The Sdentific Committee discussed a length the issue of fine-scde limits as described in
paragraph 4.20(iii) of Annex 5. The Scientific Committee agreed with WGFsA on the scientific
rationde for catch limits for fine-scale areas and the proposed Size of such fine-scale aress.

8.19 The observation was made that it would be extremdy difficult to implement a system of catch
limits in such fine-scde areas.  The adminidration of fine-scale area limits requires near red-time
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catch reporting and pogtiond information as well as near red-time dissemination of this data to those
involved in the fishery.

8.20 However, in order to ensure that a new fishery will provide sufficient data required under
Conservation Measure 65/X11, fishing effort must not be concentrated in too smal an area.

8.21 The Sdentific Committee aso noted that the level of effort must be taken into account when
seting fine-scde area limits. The levd of effort in the finfish proposas was not addressed by WG
FSA, nor was advice provided by the Scientific Committee. It was recognised that this was an
important topic for the Commisson.

8.22 Based on discussons by WGFsA (Annex 5, paragraphs 4.28 to 4.30) on the calculation of a
precautionary limit for D. eleginoides in previoudy unfished ddidicd aess the Scientific
Committee recommended that a limit of 2 200 tonnes for D. eleginoides be applied to each subarea
or divison in the new fisheries proposas.

8.23 It was noted that the best data for the estimation of stock Sze and recruitment levels using
current methods would be obtained from trawl surveys and that such estimations are not possible
from commercid fishing data

8.24 The gpplicability of the level of 2 200 tonnes to each subarea or divison was of concern to
some Members. The Scientific Committee noted that a better bass for adjusting ared limits would
probably be to take into consideration the proportiona seabed area for specific depth ranges. Such
caculations were not possble for WGFsA this year but have been given a high priority for next
year’ s meeting of the Working Group.

8.25 It was noted that no commercid fishing had been dlowed until now in the French Eez
surrounding Crozet 1dand due to conservation reasons, this idand being a mgor breeding area for
abatrosses and petrels. Such considerations may also be gpplicable to other areas for future new
fisheries

8.26 Ddailed information on the didribution and abundance of dbatrosses in the region is
avalable in sc-CAMLR-XV/BG/21; Smilar data on petrels can be made available via ad hoc WG-IMALF
asrequired.

8.27 It was noted that stocks regulated within the Convention Area may move outsde the

Convention Area, but that insufficient data exist for questions of stock identity to be addressed at this
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time. Due to the lack of knowledge on stock identity, it was recommended that biologicd samples,
paticularly of otoliths, be collected from catchesin the new fishery.

8.28 The Asoc Observer expressed concern about the level of catch limits suggested by the
Scientific Committee for gatiticd subareas for the new fisheries for D. eleginoides. ASoC stated
that the suggested limits seemed to dlow commercid-scde catches ingead of a fishing level which
would dlow for adequate data collection; this is not in keegping with Conservation Measure 65/XI1.
ASOC expressed the opinion that a true precautionary approach would create a trangtion period
from no fishery to full-scde commercid catches and urged CCAMLR to set cach limits for D.
eleginoides in the new fisheries a an order of magnitude beow the exiding TACs in Satidtica
subareas where commercid catches have been taken for severd years.

8.29 The Sdentific Committee noted that the timing and duraion of new fisheries might have
implications for incidenta mortdity due to variation in day length during the year and consequent
differences in the likdihood of substantid by-catch of seabirds. The Scientific Committee noted that
for the areas under consderation, it did not currently have sufficient data on seabird by-catch in new
fishery areas to provide guidance. It was recommended that the topic should be readdressed in the
future when more data are available (see paragraph 8.32).

Future Work

New Fishery for M. hyades in Subarea 48.3
8.30 The Scientific Committee requested that the Secretariat compare the proposed data
dementsin WGFSA-96/21 with those of cCAMLR's standard fine-scale catch and effort data form for

aqquid jig fishery (Form C3 Verdon 1) to ensure that critical data are collected. Revised dataforms
should be developed in consultation with Dr P. Rodhouse (British Antarctic Survey).

New Fishery for D. eleginoides, D. mawsoni and Mixed Species

in Subareas 48.6, 58.6, 58.7 and Divisions 58.4.3 and 58.4.4

8.31 The Secretariat was requested to undertake calculations of seabed area for specific depth
ranges in previoudy unfished areas and to compare the results with those for fished aress.

8.32 The ad hoc WG IMALF subgroup was requested to summarise available data on seabird by-
catch within the subareas and divisions of proposed new fisheries.
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Management Advice

All New Fsheries

8.33 The Sdentific Committee agreed that information collected by scientific observers would be
critica for evaduating the potentia of new fisheries and recommended that each vessdl participating in
any of the new fisheries have a least one scientific observer onboard throughout dl fishing activities.
These observers should record and submit their data in the most recent verson of the Scientific
Observer Logbook (paragraphs 9.8 to 9.11).

Squid

8.34 The Scentific Committee recommended a catch limit of 2 500 tonnes for thisfishery.

8.35 The Scientific Committee recommended that the fishery collect datain accordance with the
revised fine-scale catch and effort data form for asquid jig fishery (paragraph 8.30).

D. eleginoides/ D. mawsoni / Mixed Species

8.36 The Scientific Committee recdled the Commission’s concern that new finfish fisheries have
garted in the Convention Area without adequate information being avaladle to evauate ether the
fishery potentid or the possble impacts on target stocks or species dependent on them
(Conservation Measure 31/X). The Scientific Committee recommended that the new finfish fisheries
proposed for the 1996/97 fishing season should proceed under the data reporting and submission
provisons of Conservation Measures 5uXI1 (Five-day Catch and Effort Reporting System) and
94/x1v (monthly submisson of haul-by-haul data). The Scientific Committee further recommended
that Conservation Measure 94/x1v be generdised to accommodate data collection and submisson
from longline and trawl fisheriesin dl parts of the Convention Area.

8.37 The Sdentific Committee agreed that it would be difficult to evaduate the potentid of the new

finfish fisheries if the catches were taken in short periods of time or over very smdl areas. In this
regard, the Scientific Committee made three specific recommendations.
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()  provisons sould be made to digtribute fishing effort over as wide a geographic area
as possible (this might be accomplished by permitting a nomind leve of exploitation in
anumber of fine-scale rectangles measuring 0.5° latitude by 1.0° longitude);

(i)  the Commisson should consder methods for limiting effort in each new finfish fishery;
and

(i)  provisons should be made to obtain accurate pogtiond information from each vessd
participating in anew finfish fishery.

8.38 The Scientific Committee agreed that each new finfish fishery should be limited by an overdl
cach limit applied to each datidica subarea or divison in which a new fishery will occur. In this
regard, the Scientific Committee recommended 2 200 tonnes as an appropriate subarea or divison
cach limit. The Scientific Committee reiterated WG-FSA’ s warning that the 2 200-tonne limits do not
indicate that such quantities of fish would be available in each Satistica subarea or divison, or that
this limit represents a conservetive assessment of the potentid yield in each of these Satidtica
subareas or divisons (Annex 5, paragraph 4.30).

8.39 The Scientific Committee aso recommended that the Commission consider arrangements for
the indusion of any by-catch of D. eleginoides taken in the trawl fishery for L. squamifrons on Ob
and Lena Banksin the TAC of the new longline fishery in Divison 58.4.4.

CCAMLR SCHEME OF INTERNATIONAL SCIENTIFIC OBSERVATION

9.1  During the 1995/96 season and in accordance with the Scheme of Internationd Scientific
Observation, observers had conducted observations on 16 longline vessds fishing for D. eleginoides
in Subarea 48.3 (Annex 5, Tables 26 and 27).

9.2  All data were submitted to the Secretariat. Observations reported by scientific observers
were conddered by WGFsA (Annex 5, paragraphs 7.27 to 7.51) and also by WG-EMM (Annex 4,
paragraphs 2.10 and 2.11). Discussions of the Scientific Committee on this subject are given in
paragraphs 3.27 to 3.34 of thisreport.

9.3 One mgor devdopment in the implementation of the scheme this season was tha dl
observers on longline vessals were required to record data using Scientific Observer Logbooks
prepared by the Secretariat and distributed to Members in January 1996. Only four completed
logbooks have so far been received by the Secretariat. Other reports used different formats for
recording observations. WGFSA recommended ways of improving data recording and submission
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procedures (Annex 4, paragraphs 3.7 to 3.19, 7.81 and 7.82). This is considered below in
paragraphs 9.8 to 9.10.

9.4  Following the request of the 1995 meeting of WGFSA, the Secretariat drafted forms for the
Scientific Observer Logbook for recording observations in trawl fisheries. Severa changes to
longline logbooks were aso suggested by scientific observers and considered by WGFsa (Annex 5,
paragraphs 3.10 to 3.13). The revised logbook data submisson forms for longline and trawl
fisheries have been submitted to the Scientific Committee (SC-CAMLR-XV/BG/26) for information.

9.5 The Scentific Committee recaled its advice to this year's meeting of scol. The advice
covered two mgjor topics:

()  thescope of the scheme s application; and
(i)  theneed to obtain accurate positiond information from fishing vessdls.

9.6  With regard to accurate postiond information from fishing vessdls, the Scientific Committee
emphassed that this information is essentid if fishing effort expands over awide geographica area or
the fishery follows stock(s) across statistical areas or subaress.

9.7 The Sdentific Committee consdered and agpproved dl the suggestions proposed by
WGEMM and WGFsA (for reference see paragraph 9.2 above) on the improvement of data
submission, in particular, and the work of the scheme, in generd.

9.8 In paticular, the Scientific Committee gpproved the suggestion that each Member should
designate atechnical coordinator who will be responsible for:

(i)  receipt and digtribution of observer logbooks;

(i)  advance natification to the Secretariat of dl observers designated and the duration of
their programs;

(i)  timeliness of the submission of reports on observetions, and
(iv) answering data queries received from the Secretariat.
9.9  With regard to the deadline for submission of observers reports, the Scientific Committee

agreed that the reports should be submitted by Members not later than one month after the
completion of the observer cruise.
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9.10 The Scentific Committee recommended that the Commission gpprove the necessary funds
for the publication in 1997 of the Scientific Observer Manual with data recording forms,
ingtructions for their completion and examples of completed forms (Annex 5, paragraph 3.16). The
publication should be in a loose-leaf format in order to enable Members to compile and copy
Scientific Observer Logbooks in a number sufficient for their observers and the duration of ther
programs. The Commisson is aso requested to give priority to the publication of the Scientific
Observer Manual indl four officdd CCAMLR languages.

9.11 Memberswere requested to ensure that al observers, both nationa and those designated by
the Scheme of International Scientific Observation, provide data to the Secretariat in the format
prescribed by the Scientific Observer Logbooks. The Secretariat would not be able in the future to
process any data which are not submitted in formats other than CCAMLR’s.

9.12 The Scientific Committee recommended that the Secretariat be requested to investigate the

potential for developing a CCAMLR database data entry system for use by observers. This would
possibly reduce the data entry burden on the Secretariat.

CCAMLR DATA MANAGEMENT

10.1 The Sdentific Committee reviewed matters rdating to data management included in the
reports of WGEMM and WGFSA.

10.2 It was noted that the Working Groups identified three different types of problems with the
CCAMLR database:

() anumber of erors and omissons due to problems with the vdidation of the data
before and/or after they have been entered into the database;

(i) access difficulties due to alack of understanding of the structure of the database and
absence of guidelines for uang it; and

(i)  lack of dataessentid to the analyses.
10.3 The Scentific Committee acknowledged the importance of these problems and the high
priority which needed to be given to therr solution. To this end, it recommended that the database
be reviewed in order to identify and correct possible errors and adso to determine which datasets

were incomplete and which data were missng.
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10.4 To fadlitate the underganding and operation of the database, the development of an
inventory of the information contained in the database and a user’ s guide was consdered important.
Therefore, the Scientific Committee recommended that the new Data Manager undertake this task
as amatter of priority.

10.5 The Scentific Committee dso noted that, as anticipaed a the 1995 meeting
(sc-cAMLR-XIV, paragraph 10.7), data requirements and analyses requested by the Working
Groups had grown considerably, and consequently increased the workload of the data management
section. These tasks could not be handled by the Secretariat under current circumstances, primarily
because the postion of Data Manager was vacant and would take some time to be filled.

10.6  In consequence, the Scientific Committee endorsed dl data requirements from wG-EMM and
WGFSA, but recommended that tasks be prioritised so that in the next intersessona period, those of
high priority are undertaken fird.

10.7 In addition to the processing of information routindy submitted to the Secretariat, data
management tasks identified as having high priority include:

() complete entry and vdidation of haul-by-haul data for the D. eeginoides fishery in
Subarea 48.3, particularly with respect to pogtiond information and other items
specified in Annex 5, Table 16;

(i)  develop and apply methods for validation of data entered into the database;

(i)  prepare datafiles for length-dendty analyses of D. eleginoides from trawl surveys,

(iv) complete and vaidate entry of data from the 1995/96 observer programs contained in
the database;

(v)  obtain comprehensive bathymetric data;
(\i) produce tables of areas of seabed within depth strata for Subareas 48.6, 58.6, 58.7,
88.1 and 88.2 and Divisions 58.4.2 and 58.4.3 smilar to those produced by Everson

and Campbell (1990);

(vii) revise catch and effort and biologica dataforms for the reporting of data from the new
fishery for M. hyades in Subarea 48.3;
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10.8

10.9

76

(viii) enter and vdidate data in the database pertaining to CEMP parameters for dependent

(ix)

()

species and caculate CEMP indices for the current season;

continue the andyss of the link between overdl krill aundance and actud krill
avallability to predators within cPbs; and

support the Subgroup on Statistics in its analyses as described in Annex 4, paragraph
7.59;

In addition, there were a number of requests to be made for data and information to be
submitted by Members to the Secretariat which were of high priority. These are:

)

v)

(i)

haul-by-haul length frequency data for D. eleginoides from earlier bottom trawl
surveys carried out in Subarea 48.3;

catch datafrom D. eleginoides fisheries from aress adjacent to the Convention Ares;

haul-by-haul, catch and age data from earlier commercid fisheries of C. gunnari in
Subarea 48.3;

haul-by-haul datafrom the Ukrainian fishery of D. eleginoides in Divison 58.5.1,

information on D. eleginoides fishing activities conducted in the Convention Area by
non-Members States,

al appropriate datain CCAMLR formats on CEMP indicator species currently held by
Members, and

(vii) continued submisson of haul-by-haul data from the krill fishery.

Lower-priority tasks which could be performed when time becomes available include:

0]

(i)

collection and andyds of time budget data from the krill fishery; and

sudies on the occurrence of fish in krill catches in accordance with the recommended
methods st forth in Sc-CAMLR-XIV, paragraphs 3.28 and 3.29.



10.10 The Scientific Committee recognised tha continuous updating and vaidation of the
information contained in the database is vitad to maintaining the qudity of the andyses performed by
WGEMM and WGFsA and for deveoping the Scientific Committee’s advice to the Gommission.
The Scientific Committee reiterated its concern over the difficulties described in paragraphs 10.2 and
10.5, and these may become worse in the near future due to the expansion of the new fisheries.

COOPERATION WITH OTHER ORGANISATIONS

SCAR

11.1  The report of the CCAMLR Observer to xXx1v SCAR (Dr Croxal) was based principaly on
matters discussed at the SCAR Working Group on Biology. The report:

0]

(i)

(ii)

)

drew to the attention of cCAMLR forthcoming SCAR meetings of potentid interest, viz.:

(@ the Seventh Symposum on Antarctic Biology on ‘Antarctic Ecosystems
Models for Wider Understanding’ (1 to 5 September 1998, New Zedand);

(b)  “Environmenta Research in the Antarctic’ (December 1996, Japan); and

(c0 ‘Maine Biologicd Research in the Magdlanic Region Related to the Antarctic’
(April 1997, Chile);

noted the commencement of the new SCAR marine research program, EASIZ, (Ecology
of the Antarctic Sea-Ice Zone) with the Rv Polarstern cruise in the Wedde |l Sea last
year and the production of the program newdetter via the SCAR Globd Change
Project Office in Hobart, Austrdia;

noted that SCAR has decided not to continue to coordinate current, and plan for future,
collaborative marine research through the SCAR'SCOR Group of Specidists on
Southern Ocean Ecology (GOSSOE);

rased relevant matters arigng from GOSEAC (Group of Specidigs on Environmenta
Affars and Consarvetion) initiatives, including:

(@ theltdian project to collect, certify and archive krill materid and ocean water as
abasdine for future andyses (e.g. of metds, organochlorines, etc.);
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V)

(Vi)

(vii)

(viii)

()

(x)

(b)  the forthcoming production of a SCAR/COMNAP working paper as a follow-up
to workshops monitoring environmentd impacts from scientific and other
operations in Antarctica (see SC-CAMLR-XV/BGE8); ad

(c) the sCAR agreement to consult organisations, including CCAMLR, on the
preparation of the state of the environment report for Antarctica as required by
the Committee for Environmental Protection (CEP) (when established) and with
potential relevance to the UNEP Globa Environment review as required
following the Agenda 21 mesting in Rio de Janaro. The draft SCAR proposals
indicate that substantid input would be required from ccAMLR and from
scientists associated with its work.

informed CCAMLR of the formation and terms of reference of a subcommittee on the
Evolutionary Biology of Antarctic Organisms.  This subcommittee will condder a
request from CCAMLR rdating to genetic studies to determine the provenance of
seabirds killed in longline fisheries,

noted that SCAR-BBS had prepared a detailed report on status and trends of Antarctic
and sub-Antarctic seabirds (see paragraphs 3.70 to 3.73), but regretted that the
SCAR-GSS had been unable to make a timely response to CCAMLR on the important
topic of status and trends of Antarctic and sub-Antarctic sedls;

requested support from CCAMLR for the next review of the status and trends of
Antarctic and sub-Antarctic seabirds. A workshop to prepare for this review would
be held in 1998 or 1999;

noted plans to arrange a workshop to consider a coordinated collaborative research
program on predator-prey-environment interactions associated with the Antarctic
Polar Frontal Zone;

drew Members attention to new developments in quantitative studies of the distribution
and abundance of seabirds at sea;

drew the attention of Members, particularly those undertaking or planning CEMP
studies, to the care needed to be taken with flipper banding studies of penguins, and



(i) noted the forma request to CCAMLR for reporting (via e-mall) to SCAR information on
planned research cruises relating to harvested commercial species.

11.2 At the xXIv SCAR Delegates meeting a forma resolution concerning incidental mortality of
Antarctic seabirds was adopted. Thetext isasfollows:

‘REC XXIV-Biol 6

Noting the serious and ongoing threats to seabirds of the Southern Ocean,
especidly abatrosses, many of which are now classfied as threatened
under 1UCN criteria, due © kills on longlines set for tuna and Patagonian
toothfish, and to support the efforts being made by CCAMLR to reduce the
incidental mortdity of seabirds by regulating fishing procedures, the
Working Group on Biology recommends that:

SCAR Nationd Committees be requested to support relevant research on
southern seabird populations at risk from longlining fisheries, in waters
within and outsde the SCAR area of interest.’

11.3 In a supplementary report the CCAMLR liason officer with Goseac (Dr E. Fanta, Brazil)
noted:

() that coseAc has developed a checklist of activities in near-shore and shdlow waters
to be usad in environmenta impact evaduation; this might be of interest to CCAMLR
given that these areas are breeding and/or feeding grounds of fish, birds and mammds;

(i) the interest expressed by SCAR in collaboration with CCAMLR concerning issues
relating to marine debris and avoidance of incidental mortdity;

(i)  that the draft sCAR management plan handbook for Antarctic Specidly Protected
Areas (ASPAS) had been revised by GOSEAC and the items requested by CCAMLR
when conddering the Admirdty Bay Antarctic Specidly Managed Area (ASMA) (SC-
CAMLR-X111, paragraph 61) were included. (This includes the location of CEMP Sites
and breeding dtes of seabirds and sedls, entry and departure points and foraging
grounds of sedls and birds and the need for good qudity and detailed maps). GOSEAC
Is aware that if prohibitions or redtrictions of activities are necessary in a specific
marine area to be protected, a conservation measure under CCAMLR has to be
approved;
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(iv) GOSEACS interest in developing closer contact with the wG-EMM Subgroup on
Monitoring Methods,

(V) that cCAMLR was requested by GOSEAC to contribute to the assembly of al avallable
information on emissons and fuelsin Antarctica by providing information on:

(@ thefud used by fishing vesdls,
(b) thetypeof enginestha usethisfud; and
(¢) thenumber of vessdslikely to be operating in the Convention Area next yedr.

11.4 TheccAMLR Observer to cs-EASIZ, Dr Fukuchi, reported that:

()  the second meeting of the cs-EASIZ Steering Committee was held at British Antarctic
Survey (BAS), 1 and 2 August 1996, Cambridge, UK;

@) the Easiz fidd progran commenced in the 1995/96 austrd summer, with
measurements at severd shore sations, and the EASIZ cruise to the Wedddl Sea on
theRrv Polarstern;

(i) thefird EASIZ workshop on ‘In-9tu Imaging Methods in the Antarctic Ecology’ was
held at the Alfred Wegener Inditute for Polar and Marine Research, 12 to 15 August
1996, Bremerhaven, Germany.

11.5 Dr Miller, referring to paragraph 11.1(iii) above, emphasised that disbanding the SCAR/SCOR
GOSSOE will reduce SCAR's capability to undertake integrated marine research.  This will dmost
certanly affect the Scientific Committeg s relationship with the SCAR marine research community and
may substantialy reduce the collaborative research opportunities for many scientists currently able to
contribute to the research underpinning much work within wG-EMM.

11.6 The Scentific Committee noted the above sStuation with concern and encouraged SCAR to
ensure tha it maintains an effective mechanism for developing and coordinaing new collaborative
research programs in marine sciences.

11.7 In respect of paragraph 11.1(iv)(c) above, the Scientific Committee agreed that the
compilation of a report on the status of the Antarctic environment is likely to be a mgor task. It
requested the Commission to consult with the Scientific Committee before any cCAMLR involvement
in the compilation of such areport is agreed.
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SCOR

11.8 sc-CAMLR-XV/BGE30 reported on the 32nd Executive Meeting of SCOR held in Cape Town,
South Africa, from 14 to 16 November 1995.

11.9 The UK introduced the report (SC-CAMLR-XV/BG/18) of the CCAMLR Observer (Dr Priddle)
to the 23rd Generd Mesting of sCOR. With respect to items of specid relevance to CCAMLR, it was
noted that:

(i) thework of WG105 (the Impact of World Fisheries Harvests on the Stability and
Divergty of Marine Ecosystems) could have relevance to WGFSA,;

(i)  implementation of SO-GLOBEC programs has been delayed, but the steering committee
(now chaired by Dr E. Hofmann (UsA)) has been reorganised; field work is expected
to start in 1999;

(i) the Globa Ocean Obsarvation Sysem (GoOOS) is developing a Living Maine
Resources Module (LMR) and held a planning meeting in March 1996;

(iv) anIces meeting entitled ‘Role of Physicd and Biologica Processes in the Recruitment
Dynamics of Marine Populaions will be hed in Batimore, USA, in September 1997,
and

(v) only an abgtract of the CCAMLR report had been available in the SCOR meeting paper's,
it was suggested that cCAMLR should submit more detailed information, especidly on
its ecosystem monitoring and modelling activities.

11.10 The Scientific Committee acknowledged this report with thanks. It requested the Secretariat
to contact SCOR to acquire further information on paragraphs 11.9(i) to (iv) above and to ensure that
SCOR receives gppropriate information on activities of CCAMLR relevant to SCOR inititives for dl
meetings of SCOR, its relevant working groups and related bodies. Surprise was expressed that
despite the GOOs LMR planning mesting noting that the CEMP is a commendable modd for planning
and implementing the LMR module (CCAMLR-XV/BG/21; see dso paragraph 11.17), Scor had
apparently not contacted CCAMLR before or after this meeting.
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IWC

11.11 The observer from sc-Iwc, Mr Ichii, noted the establishment of a new subcommittee under
the sc-lwc on the influence of environmenta factors on cetaceans. The subcommittee is expected to
seek close cooperation with SC-CAMLR and WGEMM.

11.12 Mr Ichii pointed out that in IWC, cetacean studies have mostly been conducted independently
of prey avalability and environmental parameters. In CCAMLR, on the other hand, cetaceans are
excluded from the ecosystem assessment. Therefore collaboration between CCAMLR and IWC can
be expected to be beneficid.

11.13 The report of the Iwc Workshop on Climate Change and Cetaceans (SC-CAMLR-XV/BG/13)
recommended the establishment of a joint CCAMLR/IWC working group to consider collaborative
work in the Southern Ocean.

11.14 The Scientific Committee felt that establishing a working group was premature. It would
prefer first D involve an expert from 1wc in the work of WG-EMM and then to discuss potentia
collaboration. Accordingly, it was proposed to invite IWC to send an appropriate representative to
the next medting of WG-EMM (paragraphs 11.27 to 11.30).

11.15 The report d the CCAMLR Observer to IWC (SC-CAMLR-XV/BG/16) hoted that in respect of
queries about the minimum effort required to carry out datidicdly reliable whae observations on
‘platforms of opportunity’, SC-IwcC was unable to provide genera advice due to differencesin the
design of surveys and the species targeted. Therefore, if CCAMLR Members wish to include
systematic whae sghtings in their surveys, they should seek advice directly from the IwC secretariat.

CCSBT

11.16 Dr Hermes was the CCAMLR Observer present a the ccsBT-ERS Working Group.
Information from this working group on tuna- sesbird interactions was made available for use by wG-
FSA (Annex 5, paragraphs 7.66 and 7.67).

I0C

11.17 Dr Kock (ccAMLR Observer) reported on the First Mesting of the Southern Ocean Forum
of the 10Cc held in Bremerhaven, Germany, from 9 to 11 September 1996. In his presentation on
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CCAMLR activities a the meeting, he emphassed the importance of incorporaing environmenta
features (searice €tC.) into CCAMLR ecosystem assessments.  Routine monitoring of seerice
conditions and SST has provided ccAMLR with very useful information on environmenta varigbility
on scales of integrated study regions (1SRs) and Satistical subareas. However, he dso pointed at the
mismatch of scales which is often apparent between cCAMLR-related biologicd programs, mostly
addressing events operating on micro- and meso-scaes, and oceanographic programs, often related
to physical processes operating on large or ocean basin scales.

11.18 He noted that in Recommendation 10CsOC-VI.5 of the Sixth Sesson of the 10C Regiond
Committee for the Southern Ocean, CEMP is especidly commended as a modd for planning and
implementation of the developing LMR module of GOos (see paragraph 11.9(iii)). He concluded that
in order to address problems of particular relevance to CCAMLR, such as krill flux, it gopearsto be
more beneficid for the Scientific Committee a present to dedgn its own specific joint
oceanographic/biologicad programs with the assstance of oceanographers, instead of trying to
accommodate some of these questions into large programs primarily desgned to sudy
oceanographic processes on various scaes.

11.19 The Scientific Committee shared the concerns raised by Dr Kock. It noted that CCAMLR-
XV/IBGE21 suggeds that 10C, in recondituting its Regiond Committee for the Southern Ocean
(locsoc), appeared to be trying to create an umbrella organisation seeking to coordinate an
enormous range and divergity of activities in the Southern Ocean, many of which dreedy have wdl-
developed coordination and interaction. A number of Recommendations of 10Ccsoc (e.g. Southern
Ocean Ecosystems and their Living Resources, Pollution and Monitoring in the Southern Ocean,
Internationa Cooperation in the Southern Ocean) relate to fundamenta aspects of CCAMLR’ s work.
However it gppears that few invitations were issued by 10C to scientists responsible for coordinating
ccAMLR'swork in these fidlds. Furthermore, the International Advisory Group to the Chairman of
locsoc (Dr M. Tilzer, Germany) contains no-one with connections to CCAMLR. The Scientific
Committee drew its concerns on these matters to the attention of the Commission.

ICCAT

11.20 Mr L. Lépez Abdlan (Spain) introduced document SC-CAMLR-XV/BG/19 which reports on
the ICCAT symposium held in the Azores, Portugd, in June 1996. He pointed out asinteresting future
work of the organisation the clarification of ‘the precautionary gpproach’ and its gpplication in tuna
fisheries aswell as afuture symposium on tuna fisheries worldwide.



Reportsfrom cCAMLR Observersto Other Meetings

11.21 Dr de la Mare reported on behdf of Dr Kery from the Third International Penguin
Sympaosium which was held in Cape Town, South Africa, 2 to 6 September 1996. It was convened
by Dr J. Cooper. Approximately 50 ora and 40 poster papers were presented on awide variety of
topics. Papers will be published in a specid issue of Journal of Marine Ornithology. Of interest
to CCAMLR were a number of papers on the foraging ecology of king, emperor, and Adéie
penguins. Other papers, covering a variety of penguin species, included breeding biology, diseases,
trestment of oiled penguins, population biology, conservation and the maintenance of captive birds.

11.22 sc-CAMLR-XV/BG6 reported on the workshop ‘Harvesting krill:  ecological impact,
assessment, products and markets held in Vancouver, Canada, from 14 to 16 November 1995.

11.23 The Scientific Committee noted that the workshop had provided a highly gppropriate forum
for publicisng cCAMLR's work, and as a result the CCAMLR approach is likely to be used as a
model for other developing euphausid fisheries.

11.24 The workshop produced a report in the Fisheries Centre Report Series of the University of
British Columbia (UBC). A muilti-author book (edited by Prof. A. Pitcher of uBC, and Dr Everson,
WG-EMM’s Convener) is planned for publication in 1998. A number of scientists involved with
CCAMLR will contribute to this book, which again reflects well on CCAMLR'S experience and
gpproach to management.

11.25 Findly, of potentid interest to CCAMLR is that the workshop indicated that North American
aquaculture feed markets have the potentia to absorb tens or hundreds of thousands of tonnes of
krill. Should locd fisheries be unable to meet these needs, krill harvesting in CCAMLR waters could
become more important.

Future Cooperation

11.26 The following observers were nominated to represent CCAMLR & intersessond meetings.

. Seventeenth Session of the cwP on Fishery Statistics, March 1997, Hobart, Australia
— the Secretariat;

. ICES Annua Science Conference, September 1997, Bdtimore, Maryland, uUsA —
Ms . Lutchman (UK);



. IwcC Scientific Committee, September—October 1997, Bournemouth, UK — Mr Ichii;

. ICES Symposum — Seabirds in the Marine Environment, November 1996, Glasgow,
UK — Dr Croxal;

. Symposium on the Antarctic and Globa Change, July 1997, Hobart, Audrdia —
Augrdig

. Internationd  Symposum on Environmenta Research in the Antarctic, December
1996, Tokyo, Japan — Dr Fukuchi;

. 9th meeting of SCAR-GOSEAC, July 1997, Bremerhaven, Germany — Dr Fanta; and

. SCAR Workshop on Evolutionary Biology of Antarctic Organisms, September 1997,
Curitiba, Brazil — Dr Fanta

Observers at Scientific Committee Working Group Meetings

11.27 In 1995, the Scientific Committee decided that it will consider the invitation of observers
from internationa organisations to the next meeting of the Scientific Committee and to its working
groups during the 1996/97 intersessonal period.

11.28 CCAMLR has received an gpplication from 1UCN (intergovernmenta and non-governmental)
and 1wc (governmenta) to send observers to meetings of WGEMM. Article xXliI, paragraph 3 of
the ccAMLR Convention directs the Scientific Committee to seek to develop cooperative working
relationships with intergovernmenta and non-governmental organisations which can contribute to its
work. Rule 19(e) of the Scientific Committee's Rules of Procedure provides that the Committee
may invite observers to atend mesetings of its subsdiary bodies, unless a Member of the Committee
objects.

11.29 The Scientific Committee recognised that both 1wc and IUCN have strong interests related to
ecosystem monitoring and management.  The Scientific Committee also recognised that observers
from these organisations could contribute to the work of WG-EMM.

11.30 The Scientific Committee agreed that Iwc and 1UCN should be invited to send observers with
expertise in the substance of WGEMM’s work to the next meeting of WGEMM. The Sdentific
Committee requested that the Chairman consult with these organisations to determine the names of
their nominees and to convey this information to the Members in advance of the meeting in
accordance with Rule 19(e).



PUBLICATIONS
CCAMLR Science

12.1 Thethird volume of cCAMLR Science was published just prior to CCAMLR-XV. Thiswasthe
third year of the three-year trid period during which the Secretariat was requested to obtain an
independent review of the qudity of the publication and to report annudly to the Commission on the
journa’s production cost, subscriber interest and progress towards cost recovery. The report of the
Secretariat was available as CCAMLR-XV/15.

12.2 In presenting the document, the Science Officer, in his capacity as the Editor of CCAMLR
Science, concluded that taking into account the results achieved by the publication of CCAMLR
Science in the firg three years, it would be advisable for the Commission to consder extending the
journa tria period for another three years. An extension of the trid period would alow more time
for cCAMLR Stience to edablish itsdf firmly among the world's scientific community and would
present an opportunity to evaluate reliably the subscription interest and potentid for recovery of
publication costs.

12.3 The firg three-yeer trid period of CCAMLR Science has shown that the Secretariat has
gained the leve of skills required for the long-term production of a high-qudity publication within the
limits of the budget alocated for this purpose by the Commission.

124 The Sdentific Committee commended the Science Officer for his excdlent work in
producing a journd of such high quality. It adso stressed that it would not have been possible to
achieve this without the assistance of the entire Secretariat’s publication team and especidly of the
Publications Adminigtrator, Ms G. Naylor.

125 The Scientific Committee recommended that the Commission extend the journd trid period
for another three years.

12.6 The Sdentific Committee dso noted that now that the first three-year trid period has
concluded, some aspects of the publication policy and its gpplication during the paper sdection
process might need to be clarified. In particular, attention was drawn to the recommendation of WG
FSA with regard to the identification of experts from each of the working groups whose advice would
be sought by the Editoria Board in sdecting papers for publication (Annex 5, paragraphs 10.3
to 10.5).



12.7 The Scientific Committee took note that the meeting of the Editorid Board was to be held
later during CCAMLR-XV. The Board was advised that in congdering editoria policy it should take
into account difficulties faced by authors whose first language is not English and dso that the journd
isaming for the highest possble qudity.

CCAMLR Scientific Abstracts

12.8 At last year's meeting of the Commission, it was decided that there were insufficient funds to
permit publication of cCAMLR Scientific Abstractsin 1996. The objective of this publication is to
provide a complete record of and facilitate access to scientific documents that have been used in
discussions leading to management decisons (SC-CAMLR-XI, paragraph11.1). The Scientific
Committee recommended that the Commission dlocate funds for its continued publication. 1t was
aso noted that in 1997 a double volume should be published in order to include abstracts of
scientific papers submitted in 1995 aswell asin 1996.

Other Publications

12.9 Other publications of the Scientific Committee were dso condgdered. The Scientific
Committee recommended publication of the revised edition of the Satistical Bulletin, the Scientific
Observers Manual and the new edition of CEMP Standard Methods.

12.10 The Charman informed the Scientific Committee that work on the Guide to Under standing
CCAMLR's Approach to Management (CCAMLR-XIV, paragraph 4.13) would be continued during
the intersessond period. He plans to submit the finad verson of the guide to the 1997 meeting of
WGEMM.

12.11 The Scientific Committee also agreed that the glossary of acronyms and abbreviations used

in the work of the Scientific Committee which had been appended to the WG-EMM report should be
regularly updated and published in the report of the Scientific Committee.

ACTIVITIES OF THE SCIENTIFIC COMMITTEE
DURING THE 1996/97 INTERSESSIONAL PERIOD

13.1 An offer was made by the UsA to host WGEMM in 1997. This was graefully received by
the Scientific Committee.
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13.2 A WGEMM workshop to examine changesin krill recruitment and abundance in Area 48 will
be hddinLaJolla, usA, in June 1997.

13.3 WGEMM will dso meetin LaJollain late July 1997 and will be convened by Dr Everson.

13.4 The Subgroup on Statistics will meet immediately prior to the megting of WG-EMM and will
be convened by Dr Watters.

13,5 Dr Kim advised the Scientific Committee that a second joint research program in the
Peninsula area will take place from December 1996 to February 1997. The man ams of this
internationa cooperation are to detect interannua and interseasond changes in the Antarctic marine
ecosystem and to investigate the processes and rel ationships between the environment and life forms.
Brazil, Germany, Republic of Korea and Usa plan to conduct cruisesin the area, and the study area
will be covered gx times with standard methodologies during the forthcoming austrd summer.
Detalls of these activities are given in SC-CAMLR-XV/BG/25.

13.6 A second workshop to analyse the results from the research cruises referred to in paragraph
13.5 above will be held prior to the WG-EMM meeting in La Jollain July 1997.

13.7 Dr Kock congratulated Dr Kim for his ongoing effort with this international collaboration.

13.8 Dr Nicol suggested that, in the light of the success of Dr Kim's efforts in coordinating
ressarch in the South Atlantic, there might be merit in attempting Smilar coordination efforts in the
Southern Indian Ocean. In this regard, he agreed to initiate correspondence with Members
operating in Subareas 48.4 and 88.1 and Divisions 58.4.1 and 58.4.2 and report back to the next
megting of WG-EMM.

13.9 waGFsa will meet in Hobart, Austraia from 13 to 22 October 1997.

BUDGET FOR 1997 AND FORECAST BUDGET FOR 1998

14.1 The budget of the Scientific Committee for 1997 and the budget forecast for 1998 only
include cogts directly related to meetings of the Scientific Committee or to meetings which are of
immediate rdlevance to the work of the Scientific Committee, for example international data
mestings, or the planmned internationd krill symposum.



14.2 The budget of the Scientific Committee does not include codts for data management. It isthe
underganding of the Scientific Committee that cods for data management reate directly to the
management of fisheries in the Convention Area. These data are not collected to support scientific
work on Antarctic marine living resources but to undertake scientific analyses as requested by the
Commisson (on the advice of the Scientific Committee) to fulfil the management objectives of the
Commisson.

14.3  Although data management is not a matter to be addressed in the Scientific Committee's
budget, the Scientific Committee wants to draw the attention of the Commission to the likelihood that
the workload of the Data Management section of the Secretariat will increase substantidly in the
very near future due to the congderable amount of additiond data which the Scientific Committee
has recommended should be collected from the new fisheries. This bears consderable financial
implications and will necesstate the alocation of additiond financid resources to the Secretariat to
meet these new requirements.

14.4 Table 9 provides an overview of the budget of the Scientific Committee for 1997. The
increase in meeting and costs of travel to the meetings by A$3 900 fdlswithin the limits of the annua
inflation rate.

145 The forecast of the Scientific Committee' s budget for 1998 (Table 9) envisages an increase
of A$16 000. The projected increase is mainly due to costs for holding a meeting of the Subgroup
on Monitoring Methods if necessary and support for an internationd krill meeting to be held in the
USA. Fnancid support for the krill meeting was endorsed by the Commission in 1995.

14.6 In order to better understand the different budgetary items, the Scientific Committee
requested that the Executive Secretary and the Finance Officer be present when the Scientific
Committee discusses budgetary matters at its 1997 meseting.



TableO:

Scientific Committee budget.

1996

Budget

Projected*

12300
20300

32600

18400

22500
40900
1000

32400
5400
4500
5900

700

A$123400

15400
17200
32600

17200

23600
40800
1000

36 600
6100
4500
5900

0

A$127 500

Working Group on Fish Stock Assessment
Meeting

Preparation and Secretariat support

Report completion and translation

Working Group on Ecosystem
M onitoring and M anagement
Meeting
Preparation and Secretariat support
Report completion and translation

Guide to Understanding CCAMLR’s Approach
to Management
Support of International Krill Symposium

Trave for Scientific Committee Program

WG-EMM meeting (freight, flights and subsistence)
Subgroup on Statistics (including Secretariat support)
Subgroup on Monitoring Methods

International Data Meetings

Contingency

Total

1997

13000
21000
34000

19000
24000
43 000
1000

39500
8500
0
4400

1000

AS$131 400

1998

(forecast
only)

13400
21700
35100

19600
24700
44 300
2000

7000
40700
7000
5000
5200
1100

AS$147 400

* Note: the excess of expenditure on travel of the Secretariat in supporting WGEMM was anticipated at the
1995 meeting of the Commission, and it was agreed that this excess would be met out of the Secretariat Costs
budget item. Thiswill not, therefore, lead to the total Scientific Committee budget being over-expended.

ADVICE TO SCOI AND SCAF

15.1 Adviceto scol and SCAFis given under Agenda ltems 9 and 14.

ELECTION OF CHAIRMAN OF THE SCIENTIFC COMMITTEE

16.1 The Charman informed the Scientific Committee thet this would be hislagt year in the Chair.

16.2 Dr Miller was unanimoudy eected Chairman of the Scientific Committee, having been
nominated by Dr Kim and seconded by Dr Holt. Dr Miller has been active in the work of the
Scientific Committee for many years, being Convener of wGKrill from 1989 to 1994.




NEXT MEETING

17.1 The next meeting of the Scientific Committee will take place in Hobart, Audrdia from 27
October to 7 November 1997.

OTHER BUSINESS

18.1 Therewas no other business.

ADOPTION OF THE REPORT

19.1 Thereport of the Fifteenth Meeting of the Scientific Committee was adopted.

CLOSE OF THE MEETING

20.1 On behdf of the Scientific Committee, Prof. Moreno thanked Dr Kock for his hard work as
Chairman of the Scientific Committee during the past four years. Thanks to his abilities and interest,
Dr Kock had guided the Scientific Committee through a period of rapid development characterised

by many changes.

20.2 In sying farewdl as Chairman, Dr Kock dated that the past four years had been a
dimulating, often rewarding athough sometimes frustrating experience. He thanked dl members of
the Scientific Committee for their dedication and support. He aso thanked the sound technicians
and interpreters, some of whom had attended many CCAMLR meetings.  Dr Kock expressed his
gncere gratitude to the Secretariat for its outstanding support and dedication during his period as
Chairman.

20.3 Findly, Dr Kock extended his best wishes to the incoming Chairman of the Sdentific
Committee, Dr Miller.

20.4  The Charman then closed the mesting.
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REPORT OF THE WORKING GROUP ON
ECOSYSTEM MONITORING AND MANAGEMENT
(Bergen, Norway, 12 to 22 August 1996)

INTRODUCTION

Opening of the Meeting

1.1  The second meeting of WG-EMM was held at the Directorate of Fisheries, Bergen, Norway,
from 12 to 22 August 1996.

1.2  Dr P. Gullestad, Deputy Director of the Directorate of Fisheries, welcomed participants to
Bergen, and an outline of the Norwegian Antarctic Program was presented by Dr F. Mehlum from
the Norwegian Polar Ingtitute. Ambassador J. Bech, Specid Adviser on Polar Affars from the
Ministry of Foreign Affars, opened the meeting and spoke of ccAaMLR's chdlenges and
achievements.

1.3  Onbehdf of the Working Group, the Convener, Dr |. Everson (UK), thanked the Norwegian
Government for the invitation to hold the meeting in Bergen, and expressed appreciation to Dr T.
@ritdand from the Inditute of Marine Research for his substantid work in preparation for the
mesting.

Adoption of the Agenda and Organisation of the Mesting

14 A revised Provisond Agenda was introduced and discussed. A number of changes were
made to Items 4 and 6 which included Item 6 being renamed ‘ Ecosystem Analysis. A new ltem 7
‘Ecosystem Assessment’ was added. The Agenda, as amended, was adopted (Appendix A).

15 ThelLig of Paticipantsisincluded in this report as Appendix B and the List of Documents
submitted to the meeting as Appendix C.

1.6  The report was prepared by Drs |. Boyd (UK), D. Butterworth (South Africa), J. Croxal
(UK), W. de la Mare (Augtrdia), D. Demer UsA), G. Kirkwood (UK), K.-H. Kock (Chairman,
Scientific Committee) and S. Nicol (Audrdia), Mr T. Ichii (Jgpan), Drs E. Murphy (UK), D. Miller
(South Africa), W. Trivelpiece (UsA), J. Watkins (UK) and the Secretariat.
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DATA

2.1  Inconddering this agendaitem, it was decided that data from surveys on harvested species
(subitem (ii)), dependent species (i) and environment (iv) would best be consdered under
gpecidised agenda items together with results of survey analyses, i.e. Item 3 ‘Harvested Species or
Item 4 ‘Dependent Species. Discussons under subitem (v) should be focused mainly on any
unusud events in the Antarctic marine ecosystem obsarved in the past season and which are of
paticular relevance to fisheries management and CEMP. The Working Group agreed tha this
arrangement should aso be followed at future meetings of WGEMM.

Fisheries

22 A sammay of fine-scale data from krill fisheries conducted in the 1994/95 season was
presented by the Secretariat in WGEMM-96/25. In generd, this season was characterised by the
same digtribution patterns of krill catches as has been observed over recent years.

23 In the 1995/96 season, krill catches were reported by three members.  Japan
(60 559 tonnes), Poland (20 619 tonnes) and Ukraine (13 338 tonnes). The tota reported catch
was 94 516 tonnes. This was dightly less that the total catch in the 1994/95 season
(118 714 tonnes).

24  Mog catches were taken in Subareas 48.1 and 48.3, with very little being taken from
Subarea 48.2 (Poland and Ukraine only) and no catches from the Indian Ocean sector. The bulk of
Japanese catches were taken in Subarea 48.1 in December—June (about 50 000 tonnes) and the
remainder taken during winter monthsin Subarea 48.3.

2.5  During the 1996/97 season, Japan plansto continue fishing for krill a the same leve of about
60 000 tonnes (four vessels). The extension of the fishing season in Subarea 48.1 into winter months
over the last few years, made possible by less severe ice conditions, serves the dua purpose of

avoiding catching early season ‘green’ krill, thereby increasing the catch of colourless krill which are
avallable later in the season in Subarea 48.1 and which the Japanese market has been demanding

recently, and evenly digtributing krill shipments to storage plants in Japan over the year.

2.6  Chile and Russa reported that they do not have plans to conduct krill fishing in the 1996/97
season.  No information was available from Poland and Ukraine about plans for 1996/97. Since

Poland has increased its catch in 1995/96, and adso because scientists from Poland have not
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attended the past two meetings of WGEMM, the Secretariat was asked to write to Poland and
request information about its plans with regard to krill fishing.

2.7 Inthe past Audtrdiahasindicated that an Audrdian company intends to Sart fishing for krill.
The Working Group was advised that no decisons had yet been taken in Audradiain thisregard.

2.8 Dr Nicol reported that information presented to the Workshop on Krill Fisheries
(Vancouver, Canada, November 1995) indicated that some Canadian companies were experiencing
an increased demand for northern euphaugids as food stock for the fish farming industry and that the
potential for catches to increase in the Northern Hemisphere was limited. Therefore, Canadian
fishing companies may be congdering krill fishing in the Convention Area.

2.9  No information was avallable on krill catches in the ccCAMLR Convention Area by any non
Member States.

Observer Scheme

2.10 In 1993, waGKrill suggested that recording a krill fishing vessel’s activity a random time
intervals would provide an estimate of searching and towing times as required for the estimation of
effort in catch per unit effort (CPUE) indices (SC-CAMLR-XI11, Annex 4, paragraphs 5.31 and 5.32). It
was agreed that this could only be achieved by the placement of scientific observers aboard fishing
vesdls. The guiddines for recording fishing vessd activity (time budget) were subsequently
developed for incluson in the Scientific Observers Manual, a draft of which was submitted to
CCAMLR-XIV (SC-CAMLR-XIV/6).

211 Thefirg set of records of avessd’stime budget was collected and submitted to CCAMLR by
the Ukrainian scientific observer on board the krill fishing vessd General Petrov (WGEMM-96/26).
These data indicated that about 70% of the vessdl’s time was spent setting, hauling or trawling. It
was noted that very little time was spent searching, and the vessd rarely had to pause its fishing
activities in order to complete processng. The Working Group welcomed this dataset, which
demondtrated that the methodology was practical, and encouraged further use of the system.

2.12 Logbooks for krill and finfish trawl fisheries are in preparation and will include time-budget

forms. It was recommended that the logbooks and Scientific Observers Manual should be
published in 1997 as a matter of urgency.
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Coordination of Research in Subarea 48.1

213 Dr S Kim (Republic of Korea) convened the ad hoc Subgroup on the Coordination of
Research in the Antarctic Peninsula, and some Members (Brazil, Germany, Japan, Korea, Uk and
USA) discussed the progress of the second oceanographic cruise planned for the coming season. It
was agreed that some elaboration of the purposes and methodologies would be needed in time for
the 1996 Scientific Committee meeting and that a workshop on the survey results should be held
before the next WG-EMM meeting, wherever possible.

HARVESTED SPECIES

Methods for Estimating Digtribution, Standing Stock,
Recruitment and Production of Harvested Species

31 WGEMM-9/34 presented comparisons of the length frequencies of krill caught in a research
trawl (KMT) and a commercia trawl (PT 72/308) which targeted the same aggregation. The length
distributions d krill in the IKMT varied considerably between hauls because each haul sampled a
small portion of the heterogeneous aggregation. Conversaly, the commercia trawl sampled a much
larger portion of the aggregation and the resulting krill length digributions were much more
conggent. The difference in mean lengths of krill was as much as 6 mm larger in the commercid
trawl than in the research trawl. The length difference trandated to a target strength (1) difference
of 2.1 dB or afactor of 1.6 (or 0.6) when caculating anima numerica dengty. It was concluded
thet:

() commercid trawls may under-sample smdl krill while research trawls may
under-sample large krill; and

(i) trawl sdectivity should be taken into account when estimating anima dengties from
hydroacoustic surveys.

3.2 If abiasdid exig, its effect would be less severe for estimates of biomass than for estimates
of numericad dengty (e.g. those required for comparisons of predator consumption). The Working
Group noted that the TS vaues reported in WG-EMM-96/34 were cd culated from the mean lengths of
animals in the samples, leading to a podtive bias in mean TS esimation. The mean TS should be
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caculated as the density-weighted mean of the target strengths (i.e. in the linear domain) for each
length class!.

3.3  Potentid research trawl (RMT-8) biases were discussed in WGEMM-96/8 (e.g. day-night
differences, swvarm dengty effects, Sze-specific mobility, observer bias). Recognising these potentia
biases and that no objective method exists to characterise the loca krill population, the authors
concluded that the catches could Hill be used to estimate the prey population available to foraging
macaroni penguins.

34  WGEMM-94/42 reported a krill biomass survey conducted while trangiting between randomly
selected bottom trawl locations (bathymetricdly dratified).  Although the directions and lengths of
these transects were random, the design could not be consdered a true random dratified survey.
Nevertheless, opportunistic surveys may warrant the use of nonroptima survey desgns, and the
development of methods for characteriang the variance of such surveys is encouraged. The
importance of using caibrated echosounders and, where possible, multiple frequencies for target
classfication was emphasised.

35 wWGEMM-96/8 reported akrill biomass survey where acoustic data were collected by a vessdl
following an icebresker through the pack-ice in the Ross Sea. Potentid problems associated with
ice noise, vessel noise, and behaviour of targets relative to the lead vessd which could cause an
underestimate of the biomass were noted.

3.6 WGEMM-96/40 presented the latest in a series of experiments investigating the uncertainty of
echosounder cdlibrations at 120 kHz. Results indicated that:

() TS measurements derived from integrated echo intendty were in closer agreement with
theory than those derived from pesk amplitude measurements,

(i) TS measurements with a Smrad EK500 echosounder varied up to 1.4 dB over a 15
hour period for a stationary standard sphere; and

(i)  transducer efficiency decreased with water temperature.

The TS measurements of standard spheres, made with a hydrophone, 10 W transmitted power, a
0.3 ms pulse length, and a 290 kHz receiver bandwidth, differed from theoretica predictions by an

1 gpecifically because TS is modelled as a function of the logarithm of length (L), the average value of TS,
E{TS(L)}, is less than the target strength of the average length, D TS{E(L)}. Thisis generally known as
Jensen’ sinequality (De Groot, 1970).
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average of 0.2 dB (mean sb = 0.2 dB). More subgtantid cdibration uncertainty (>1 dB) may result
from:

(i) varationsin transducer performance related to changes in water temperature over the
urvey area; and

(i) ingabilitiesin the echosounder.

3.7 WGEMM-9/46 reported the effect of sngle missng modes of vibration on the TS of a
cdibration sphere, possbly resulting from the method used for suspension. The paper concluded
that missng a sngle mode of vibration could not account for the uncertainty in echosounder
cdibration that was reported in WGEMM-95/70.  Since different means of sphere suspenson were
used for the Cu (monofilament tether glued into a Sngle bore) versus wc spheres (monofilament net
bag), members questioned the plausibility of a single missng mode, and the premise that each of the
four spheres in the study must necessarily omit the same modal component. Also discussed was the
plausble solution of partid moda suppresson of one or more high-order modes rather than
complete moda omission. The paper (WG-EMM-96/46) will be revised before submisson to ICES.

3.8 WGEMM-9/28 reported caibration variability of 1.0 dB over a sea temperature range of
11.8°C for a Simrad EK500 echosounder configured with a 120 kHz transducer. Other members
reported Smilar experiences. Considering these observations and the results of WGEMM-96/40, it
was concluded that echosounder cdibration methods should take into account the range of water
temperatures encountered in a survey area.  Relevant sections of the CCAMLR recommended
cdibration procedures (SC-CAMLR-XI, Annex 4, Appendix H, points 2 and 3) were updated

(Appendix D).

39 WGEMM-9/41 reported on a feaghility study of the use of an Acoustic Doppler Current
Profiler (ADCP) to determine anima velocities relative to ship and water movements. It was
concluded that the proposed method could be applied to studies of krill behaviour such as vertical
and horizonta migration, avoidance reaction, and flux. Caution was expressed regarding the
possible use of an ADCP ingtrument for biomass estimetion.

3.10 WGEMM-96/71 summarised the ICES FAST Working Group meseting in Woods Hole, usa,
during April 1996. Highlighted were shod and swarm description techniques, use of multifrequency
systems for target identification, and a draft proposd for a standard acoudtic data format. A
description of the data model developed for the acoudtic data management and anaysis software,
ECHO, developed by the Audrdian Antarctic Divison and csIRO will be forwarded to Dr Y. Smard
(Canada) for consideration.
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Andyss and Results of Studies on Digtribution and Standing Stock

3.11 A number of papers describing the results of krill biomass surveys were presented (Table 1).
The Working Group noted that differencesin the amount of detailed descriptions of methods made it
very difficult to assess the comparability of echo classfication used in these papers. A subgroup to
investigate these methods was formed and the report is given in Appendix E.

Area 48

3.12 WGEMM-96/5 described the digtribution of krill in the Atlantic sector and adjacent waters
with an emphads on localities outgde the current fishing grounds of the Scotia Sea. In a number of
locdities on the periphery of the Wedddl Gyre, as well as in the coastd waters of the Antarctic
continent, the location a which krill aggregations are formed is variable. In generd, the biomass
vaues within each of these locdities are comparable with that associated with the fishing grounds in
the Scotia Sea.

3.13 WGEMM-96/56 dso drew attention to the importance of the ‘background' level of krill and of
oceanic krill which is not targeted by the fishery. These may form a sgnificant portion of the krill
population and hence need to be taken into account in the estimation of standing stock within
subaress.

3.14 In contrast, WG-EMM-96/28 presented the distribution of average mean area backscattering
coefficient (S,) vaues from an acoudtic survey in Divison 58.4.1. The conclusion presented was that
the overall biomass estimate was not sendtive to contributions from wesk scatters, i.e. the biomass
estimate is dominated by acoudtic backscatter from larger, generaly monospecific, aggregations of
krill.

Subarea 48.1
Sdientific Surveys
3.15 Maeamn krill dengties from two surveys conducted in the Elephant Idand area during January
and in February—March 1996 were high rdative to those found in previous years (WGEMM-96/23).

Highest krill densities were found in wide bands to the north of King George and Elephant Idands.
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3.16 One-year-old juvenile krill (modd length 28 mm) dominated during the first survey, whereas
mature adult krill (modd length 48 mm) dominated during the second survey. Sap abundance was
low.

3.17 WGEMM-96/49 highlighted contrasts in the digtribution of krill and myctophids between the
dope/offshore and inshore regions around Sedl 1dand as follows:

(i)  krill showed more uniform didtribution in the dope/offshore region in contragt to its
very patchy inshore distribution;

(i)  krill showed no did vertical migration in the dope/offshore region;

@) krill tended to be larger in body sze and a a more advanced maturity stage in the
dopeloffshore region than in the inshore region.  This segregation tends to break down
in the post-spawning phase; juveniles are rardly sampled, adults gppear to migrate

onshore and supersvarms may form at thistime; and

(iv)  myctophid fish occurred near surface at night in the dope/offshore region.

Subarea 48.2
Sdientific Surveys
3.18 Reaults of a biomass survey for krill north of the South Orkneys in February/March 1996
were presented in WGEMM-96/36. The survey conssted of thirteen paradld transects which were
subsequently dratified on the basis of mean volume backscattering strength (MVBS).
3.19 This paper combined the results of the 1996 survey with those of a 1992 survey for the area
to the south of the South Orkneys to give a tota biomass estimate for the whole area of 2.6 million

tonnes (the ABEX estimate for this area was 6.9 million tonnes).

3.20 Thedengty of krill in this area tended to increase inshore. The lowest densities were found
in the deep oceanic waters of the Antarctic Circumpolar Current (ACC).

3.21 A ggnificant diurnd vertical migration of krill was detected and a proportion of the krill
population was found to be above the echosounder transducer at night and so was not sampled. To
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dlow for this, acorrection factor of 1.54 was gpplied to the night-time dengity estimates (Demer and
Hewitt, 1995). It was suggested that the night-time and daytime data be analysed separately. This
would dlow tasks to be undertaken to determine whether the correction factor applied was
gopropriate for the region.

Subarea 48.3

Sdientific Surveys

3.22 Reallts from the fird year of a five-year sudy into the interannud varigbility of the
digtribution and abundance of krill in two aress in the vicinity of South Georgia were presented in
WGEMM-96/42. The location of the two survey boxes was chosen because of the high
concentrations of krill found there in the pag, the fishery activity in the region, the past whaling
records and because of land-based field activities of the British Antarctic Survey on Bird Idand.

3.23 The acoudtic surveys condsted of 10 randomly-spaced pardld transects, 80 km in length,
running approximately perpendicular to the shelf bresk in each survey box. The transects were
sampled during daylight hours to avoid problems caused by vertica migration. Net hauls for target
identification were carried out at night.

3.24 The dendty edimates for the two boxes were 4057 g m2 for box 1 (on the
shdf break northeast of South Georgia) and 26.48 g m2 for box 2 (on the shelf bresk north west of
South Georgia). These vaues were much higher than those obtained in 1994 (box 1-1.87 g m?,
box 2 — 7.43 g m2) and are reflected in the improved breeding success of predators at Bird Idand
(see section 7).

3.25 Krill were edtimated to comprise 60% of the acoudtic biomass in both boxes. The
population size digtribution of krill was essentidly unimodd in both boxes (24 to 35 mm) athough
there was a smdl number of larger krill caught in box 2.

3.26 A further estimate of krill biomass on the South Georga shelf was provided as a by-product
of afinfish survey of the region in 1992 and was reported in WG-EMM-96/42. This survey utilised
acoudtic transects between trawl stationsto arrive at a biomass estimate.

3.27 The Working Group conddered the approach used in WGEMM-96/42 to be useful in
providing additiona information on krill biomass. Attention should be paid to the anaytical trestment
of the results of such surveys, particularly regarding the coverage probabilities associated with the
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effect of desgn on the estimate of the mean dendgties. The Working Group encouraged the
examination of these gpproaches. This survey resulted in a dendty estimate of 95 g m2, compared
with earlier vaues for the same region of between 1.87 and 76 g m2.

Fisheries Data

3.28 Additiond information on krill digtribution is available from haul-by-haul data which have
been recorded in the South Georgia area over the last three winter fishing seasons (WG-EMM-96/64).
Anadyses of these data show marked internd variability and indications of a seasond pattern. The
fishery was closdly associated with bottom topographic features such as shelf edge and submarine
bank and canyons. The authors discussed the results in reation to the ecology of krill and the
interaction of the fishery with the local predator colonies.

3.29 TheWorking Group noted the utility of these results and recdled that it had in the past cdlled
for the submisson of haul-by-haul data from the fishery. Further submisson of such data was
encouraged.

3.30 The dendty and biomass of krill aggregations as well as their shape and digtribution patterns
in the fishing grounds of Subarea 48.3, based on data collected by Ukrainian commercid trawlers
during June and August 1995, were briefly reported (WG-EMM-96/70). The tota biomass of krill on
fishing grounds with an area of 180 kn? was eva uated to be 300 000 tonnes.

Divison 58.4.1
Sdientific Surveys
331 WGEMM-9/28 and 96/29 described the results of a survey in Divison58.4.1 based on an
approved desgn (WGKrill-94/18 and WGEMM-95/43). This survey was specificaly desgned with the
am of esimating B, and was carried out from January to March 1996.
3.32 A range of additiona measurements was dso made during the course of this survey,

including oceanographic sampling on eight of the 18 transects and a detailed suite of biologica
measurements ranging from primary productivity to whae observations.
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3.33  The biomass of krill in the surveyed area (873 000 kn?) was estimated to be 6.67 million
tonnes with a coefficient of variation (Cv) of 27%. The survey covered most of the area that has
been commercidly fished in Divison 58.4.1.

3.34 Kiill were far more abundant in the west of the region (80 to 120°E) than in the east
(120 to 150°E), which appeared to be related to the large-scale oceanographic conditions of the
region, where a southward intrusion of warmer water (containing saps) gpproached the shef/dope
area.

3.35 Experience from the Japanese fishery indicated that the southeast Indian Ocean sector was
an area which was subject to consderable diurnd fluctuations in the amount of krill in aggregations,
paticularly late in the season. During the reported survey, however, the mgority of the krill was
found in the top 80 m of the water column and aggregations, which rarely extended to the sea
surface, were present during both day and night.

3.36 This survey was recognised as a sgnificant contribution to the work of the Working Group
and served to demongtrate that it was possible to carry out large synoptic surveys without many of
the technical and organisationd problems of the past.

Subarea 88.1

Sdientific Surveys

3.37 The biomass of krill in the Ross Sea (Subarea 88.1) was reported from two surveys (WG
EMM-96/63) carried out during the Tenth Itdian Expedition in November to December 1994. The
aurvey included a marine mamma and bird census. The conduct of such multidisciplinary cruises
was encouraged by the Working Group.

3.38 Two biomass estimates were reported; one, for 9 November to 15 December, provided a
biomass estimate of 5.14 million tonnes for an area of 49 800 n milex?, and the other, carried out
between 17 and 28 December, provided a krill biomass estimate of 3.37 million tonnes for an area
of 45 600 n miles:.

3.39 The ealier survey encountered a ‘supersvarm’ which was estimated to contain over
1.5 million tonnes of kill.
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340 The reaults of these surveys showed a amilar krill digtribution pattern to other Antarctic
waters, with Euphausia crystallorophias occurring inshore and E. superba being found over the
shelf/dope region. This study highlighted that subgtantid quantities of Antarctic krill may occur in
waters normally covered by ice.

341 The difficulties of surveying such large areas as Divison 58.4.1 and Subarea 88.1 were
pointed out, and it was suggested that further consderation should be given to the subdivison of
these large Statistica areas so that more gppropriately sized management areas could be defined.

Indices of Harvested Species Abundance, Distribution and Standing Stock

CPUE

Subarea 48.1

342 Seasond vaidionsin cPUE indices (catch/tow and catch/towing time) of the Japanese fishery
in Subarea 48.1 were reported for the 1994 season WGEMM-96/47). The man fishing grounds
were modtly to the north of Livingston Idand, and shifted to the Elephant Idand area later in the
season.  CPUE values to the north of Livingston Idand were relatively stable throughout the season,
while those around Elephant Idand were higher but very variable. Krill 9ze was much larger (a
modd length of 48 to 50 mm) than in the previous season.

343 Long-term variations in the CPUE of the Japanese fishery in Subarea 48.1 were reported for
the period 1980/81 to 1994/95 (WGEMM-96/50). There was a declining trend in CPUE both in the
Livingston and Elephant Idand areas from the mid-80sto the 1989/90 season. This trend reflects a
number of factors, including an increesing demand for good qudity krill (non-green) rather than high
catch rates. From 1990/91, cPUE remained ratively constant in the Livingston Idand area, whereas
that in the Elephant Idand area it increased to the earlier levels. The recent shift of the fishing period
in the Elephant Idand areato later in the season, when the phytoplankton bloom is over and krill are
no longer green, may dlow fishing vessals to operate a high efficiency and to return to high CPUES.

3.44 The Working Group welcomed the detalled andyses of the long-term trends of CPUEIN
Subarea 48.1.
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Subarea 48.3

3.45 Interannud varidion in the cPUE of the Japanese fishery in Subarea 48.3 was reported for
the winters of 1990 to 1994 (WVGEMM-96/51). It was noted that CPUE in winter appeared to
correlate to the availability of krill as assessed by the performance of predators at Bird Idand in the
preceding, rather than the following summer season. For example, the poor krill summers of
1990/91 and 1993/94 were followed by low CPUE in the winters of 1991 and 1994 respectively,
and the good krill summer of 1992/93 was followed by high cPUE in the winter of 1993. The low
CPUE in the winters of 1991 and 1994 in Subarea48.3 was comparable with low CPUE vauesin
Subarea 48.1 in the preceding 1990/91 and 1993/94 summers.

346 Commercid catch data on the depth of fishing indicate that krill distribution in winter might be
deeper than in summer (e.g. Kainowski and Witek, 1983). WG-EMM-96/51 indicated that there was
aso an interannua variation in length frequency in Subarea 48.3, implying the existence of krill flux
from the Peninsula area and the Wedddl| Sea.

3.47 Based on tow data in the above paper, Dr R. Hewitt (UsA) pointed out a possible
relationship between interannua variations in moda krill length and the range of tow depths. That is,
it would gppear from the data that larger krill undergo grester verticad migrations which means that
the net must be towed deeper. Dr Murphy suggested that, based on WG-EMM-96/64, shalower net
towing depth may aso be associated with shalower bottom depths of fishing grounds.

Andyss and Results of Studies on Recruitment
and Production of Harvested Species

3.48  Length compostion data from the Japanese commercid catch for the period 1980/81 to
1994/95 were andysed to examine variation of the recruitment indices (R,) in the Livingston Idand
area (WG-EMM-96/50).

3.49 Year-by-year recruitment indices from fishery data generdly agreed with R, and R, of Siegd
and Loeb (1995) that had been observed in the Elephant Idand area. However, some differences
were noted, resulting from digtinct differencesin length composition between krill from the Livingston
and Elephant Idand aress.

3.50 The Working Group noted that the calculation of a recruitment index from the commercid
fishery data was a ussful development which could provide valuable additiond information.
However, because the fishery data do not provide an unbiased estimate for the population, they
cannot be directly compared to those derived from scientific surveys.
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351 As requested in SC-CAMLR-XIV (Annex 4 Appendix D), a re-andyds of the long-term
recruitment and dendty data from scientific surveys carried out in the Elephant I1dand area was
presented in WGEMM-96/45. The re-andyss confirmed the satistical dgnificance of the observed
fluctuations in krill dengity and recruitment.

3.52 Mr Ichii pointed out thet recruitment of krill in the Elephant Idand area is not necessarily
representative of the wider spatial scale of the Peninsula region.  From fisheries catch data over a
15-year period, it is apparent that in some years, there are occasona occurrences of distinct
differences in length composition between krill from the Elephant 1dand and Livingston Idand aress,
differences which cannot be explained by fishing sdlectivity.

3.53 However, a comparison between the Elephant Idand survey and large-scae Antarctic
Peninsula surveys, concluded in four separate seasons, demondtrated that the differences between
these areas in the proportion of recruits were less than 5% (WG-EMM-96/45).

3.54 In gengrd, the acoudtic data from the Peninsula region have tracked the dendty estimates
obtained by nets but the time series of reliable acoustic data is much shorter.

3.55 Thedengty estimated from net haul surveysis such that only highly significant changes can be
detected. There may have been less substantia changes in the density index which have escaped
detection because of the low datistica power obtained using data from net surveys.

3.56 The mean krill dengty was higher a the beginning of the time series (late 1970s, early
1980s). However, it was not clear whether this was a reflection of a persistent trend or of a seridly
correlated natura variability in dengity. 1t must dso be borne in mind that density changes do not
necessarily arise from recruitment variation adone, but can aso be the result of changes in natura
mortality or digtribution patterns.

3.57 Further work to examine the consegquences of the estimates of proportions of recruits and
varidions in krill dengty reported in WG-EMM-96/45 for the krill yiedld modd is described in
paragraphs 7.6 to 7.13.

3.58 Although data from scientific surveys are required to estimate proportiona recruitment for
the krill yiedd modd, it would be ussful to obtain fisheries-derived data for comparative purposes.
The Working Group encouraged the submission of other time series of krill data for the estimation of
recruitment variability from both scientific and fisheries sources.

3.59 Itislikdy tha there is a sufficently long time series of length-dendity data from Japanese,
Audrdian and other scientific cruises in the Indian Ocean sector that could be used to examine
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changes in proportiond recruitment.  The Working Group encouraged the andysis of this dataset
and the submission of the result.

Future Work
Indices of Local Prey Abundance

3.60 As indicated by the Subgroup on Statistics (Appendix H, Table 4), the development of
indices of locad distribution of harvested species ‘needs condgderable research’.  Such research
should involve and seek to integrate two main gpproaches.

(@ predator-based (top-down)
(b) prey pattern-based (bottom-up).

Predator-based Approach (top-down)

3.61 Anindex of locd prey didribution is rdevant if it is related to predator behaviourd regimes
and/or ecologica requirements, particularly a the spatid and tempord scades over which the
predator’ s foraging behaviour isintegrated.

3.62 The scaes a which data on predator performance are currently collected via existing
standard methods range from temporal scales of days (foraging trip) to weeks (incubation shift) and
months (breeding success, chick mass a fledging, adult mass a arrival) and years (survivd); the
gpatid scales vary from tens to thousands of kilometres.

3.63 For most purposes relating to potentid indices of loca prey abundance, it is principdly the
shorter time and space scales (days'weeks and 10-100 km) that are of relevance.

3.64 Many aspects of predator performance, however, are closdly linked to the disperson and/or
densty of prey and are manifested through changes in foraging behaviour on scales of minutes to
hours. Exigting approaches to analyss of foraging behaviour data have chiefly been to attempt to
identify structure within foraging trips (eg. foraging bouts and their condtituent dements; see Boyd et
al., 1994; Boyd, 1996).

3.65 Some of the more relevant spatia and tempord scales are summarised in Table 2 which
shows that black-browed abatrosses and penguingfur sedls tend to function at rather different
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gpatiad and tempora scales. However, whereas some penguin species and fur sedls may operate at
overlgpping scaes, there may be didtinct differences in their predator/prey interactions by virtue of
congraints imposed on them by physology and behaviour, especidly when they are rearing
offsoring.  Thus fur seds, making longer trips, predominantly feed a night. Penguins chiefly feed
during the day. These two types of predator may, therefore, interact (either by choice or congtraint)
with prey a different dispersions and/or dengties.

Prey Pattern-based Approach (bottom-up)

3.66 A locd index can be described using a variety of methods of spatid datistical techniques, as
illustrated by measures of the intendty and scae of pattern in gpace and time (eg. Lloyd'sindex of
patchiness, negative binomid k, spectrd methods, spatid auto-correlaion or semi-variogram).

3.67 The mogs successful locd indices will be those tha involve congruence (spatid and/or
tempora) of the top-down and bottom-up approaches (e.g. Figure 1) (see paragraph 3.64).

3.68 WGEMM-96/22 provides some indices, readily calculable from standard acoudtic survey data,
on:

() average prey dengty (i.e. overdl mean volume back- scattering strength);

(i) average prey depth;

(i)  average distance (over a specified depth range) from a particular predator colony; and
(iv) prey persstence over time (by comparing prey dendty between sequentid surveys).

While these may provide useful information a scaes of weeks and 10-100 km, they may not
provide information at the most relevant scaes of predator-prey interactions.

3.69 Nevertheess these generdised indices summarise didributions a scdes amilar to those
represented by severd predator indices; future investigation and development of such prey indicesis
encouraged.

3.70 Following the discussion outlined in paragraphs 3.66 to 3.69 above, the Working Group
noted that the topic of krill aggregation in relaion to the avallability of krill (prey) to predators has a
long history within CCAMLR (e.g. SC-CAMLR-X, Annex 5, paragraphs 5.2 t0 5.9 and sC-CAMLR-
X1, Annex 5, paragraphs 4.42 to 4.44). In this context, additiond work by Members should be
directed to invedigations of the characterisation of krill aggregations through measures of the
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aggregation structure (Nero and Magnuson, 1989; Welll et d., 1993), the intengty of disperson
(e.g. Hewitt, 1981) and the scale of dispersion (Weber et d., 1986).

3.71 In addition, information on other characteristics of the prey itself needs to be obtained and
summarised. Aspects of prey of particular relevance to predators include: (i) Size composition (e.g.
datistics derived from length frequency distributions of biomass estimates); (i) sex and maturity Sage
compostion; (iii) energy content (which is strongly influenced by prey sze, sex and maturity stage).
At present such data can only be obtained through analyss of net haul samples.

Synoptic Survey of Area48

3.72 The Working Group recdled the reasons for the need for a new synoptic survey of Area48
outlined in last year's report (SC-CAMLR-XIV, Annex 4, paragraph 4.61) and agreed that the
requirement il existed.

3.73 It was noted that advances in technology and data handling would make the conduct of such
asurvey much less complex than it had been in the early 1980s. Issues of data management should
be addressed early in the planning stage.

3.74 Thetime budget for such a survey was presented at last year’s meeting and members were
asked to detail for presentation a SC-CAMLR-XV the requirements of such a survey and work
towards an analyss of the logistic arrangements that would be necessary.

3.75 The Working Group agreed that the completion of a synoptic survey within dl or part of
Area 48 was a high priority. It was agreed that completion of a synoptic survey was more feasible
than previoudy thought because severd Members are currently conducting long-term research
programs which might be incorporated into a synoptic survey design and because other Members
had expressed interest in paticipating in the survey. Therefore, the Working Group reviewed
information avallable a previous meetings (WG-EMM-95/71; SC-CAMLR-XI, Annex 5, Appendix H;
Trathan and Everson, 1994) and made the following recommendations:

()  survey planning should be completed assuming a minimum of three ships participating
in the survey for one month each. Surveys should be conducted smultaneoudy in the
period January to February;

(i) effort should be concentrated in Subareas 48.1, 48.2 and 48.3. If additiona ships
become available, the additiona effort might be allocated to Subareas 48.4 and 48.6;

145



(ii)

)

v)

()

(vii)

(viii)

(ix)

survey planning should take into condderation ongoing long-term sampling efforts of
severad nationd programs (eg., UK five-year program, and USLTER and AMLR

programs);

subareas should be examined to determine whether some regions may require no
survey effort, and areas adjacent to the three subareas should be examined to ensure
subgtantid krill concentrations are not omitted (e.g. the northwest corner of Subarea
48.3 may be omitted, whereas the area immediately above the northeast boundary of
Subarea 48.1 should be included; Figure 2);

sampling in each subarea should be conducted usng an gppropriate sampling desgn
(eg. SC-CAMLR-XIV, Annex 4, paragraphs 4.3 to 4.9). Strata should be defined for
areas of known high krill dendty (e.g. areas most exploited by the fisheries, or areas
surveyed annudly by nationd programs — Figure 2);

whether to conduct sampling in daylight or throughout the 24-hour period should be
discussed for each subareg;

acoustic sampling protocols (e.g. 120 kHz transducer frequency), data protocals (e.g.
reporting data as MvBS) and documentation of measurement methods (eg. see
Appendix D) should be standardised;

standardised directed and random net sampling regimes consstent with those used in
acoustic sampling should be used; and

sandardised oceanographic sampling regimes (expendable bathythermograph (XBT)
versus conductivity temperature depth probe (CTD); frequency of sampling, etc.)
should be used.

Tracklines depicted in Figure 2 are presented to illustrate subparagraphs (i) to (v) above. Trackline
distances are gpproximately 5 500 km in each subarea and the whole synoptic survey could be
completed by three ships in approximatdy 20 days each (this does not include time for net sampling
or oceanography). Specific sampling designs should be examined further.
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DEPENDENT SPECIES

Sites

41 Members were asked to report on the initigtion of CEMP research a new Sites and on
changesin CEMP research a existing Sites.

4.2  Further to his advice to WGEMM in 1995 that the us would be closing the Sed 1dand Site
due to safety congderations, Dr R. Holt (UsA) reported that only penguin fledging weight data hed
been collected a Sedl Idand in the 1996 season (WG-EMM-96/73). Surveys had been carried out to
sect anew gte in the region that will be suitable for CEMPresearch. The location at Cape Shirreff
had been sdlected. This had aready been designated as a CEMP Site and the Site would now be run
jointly by the usa and Chile.

4.3  Prof. D. Torres (Chile) reported on recent research undertaken at Cape Shirreff which
included monitoring the size of Antarctic fur sed populaions (WGEMM-96/39). Fur sedls continue to
increase in numbers at Cape Shirreff at an average rate of ~9% per annum which, according to Dr
Boyd, is amilar to the gpparent rate of increase & South Georgia. Therefore, this may be
representative of the rate of increase generdly for the Scotia Sea.

4.4  In addition, members reported that monitoring studies were continuing a Anvers Idand
(Antarctic Peninsula), Béchervaise Idand (Prydz Bay), Bird Idand (South Georgia), Edmonson
Point (Ross Sea), Esperanza Station (Antarctic Peninsula), Laurie Idand and Signy Idand (South
Orkney Idands), Stranger Point (South Shetland Idands), Syowa Station (Prince Olav Coast) and
Ross Idand (Ross Seq).

45  Dr Mehlum reported that Norway will be establishing a CEMP monitoring Ste a Bouvet
Idand during the forthcoming season.  This will involve monitoring parameters relaing to Antarctic
fur seds and macaroni and chingdrgp penguins using CEMP Standard Methods A3 to A9, C1 and
c2.

4.6 Dr S-H. Lorentsen (Norway) aso provided information about Norwegian studies of
Antarctic petrels at Svarthamaren (Queen Maud Land). Thisis the largest known breeding colony
of Antarctic petrels and the Site is recognised as an sssl. However, it cannot be listed as a CEMP
monitoring Site until sandard methods for monitoring Antarctic petrels are adopted.

4.7  Dr K. Kerry (Audrdia) dso reported that monitoring studies of Adélie penguins a Casey
Station and Dumont d' Urville usng cemp standard methods had taken place during 1996. These
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were coordinated with a mgor regiona krill survey carried out by Audrdia (WGEMM-96/29); there
are no plansto repesat these studiesin future.

4.8 Based on results from satellite-tracking of Adédie penguins in eastern Antarctica (WG-EMM-
96/69; see a0 paragraph 4.84), Dr Kerry suggested that before establishing a CEMP Site it would be
prudent to assess (eg. by usng satdlite tracking) the tempord and spatial overlgp between the
foraging range of penguins feeding their chicks and the area of an actud or potentid fishery.

49  The Working Group noted that evidence of a lack of spatid overlap did not, however,
indicate a lack of competition between predators and a fishery because, due to krill flux, a fishery
could be affecting the krill population outsde (eg. upstream of) the predator foraging area
Moreover, there was no guarantee that krill fisheries would not expand into the foraging ranges of
predators a some future date. Furthermore, penguin foraging ranges outside the chick-rearing
period might be just as rdevant for Ste selection.

410 Dr de la Mare suggested that site sdection should take into account whether or not
predators at the Ste are substantially dependent on krill.

Species
4.11 No proposals had been recelved suggesting incorporation of new species into the CEMP
monitoring program.
Field Methods

Report of the Subgroup on Monitoring Methods
4.12 The Working Group consdered the report of the Subgroup on Monitoring Methods
(Appendix 1) which had met in Bergen immediately prior to the current meeting of WGEMM.

Members of the subgroup and its convener, Dr Kery, were thanked for their work and for
preparing their report in time to be considered by the Working Group.
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Review of Exigting Standard Methods

4.13 The subgroup had reviewed each of the existing sandard methods and suggested aress
where changes were required. The report of the subgroup contains full details of proposed changes.

4.14 In gpproving the suggestions and recommendations of the subgroup, except as indicated
below, wGEMM provided additiona comments. For convenience, Methods A1, A2, A5, A6 and
A7, as drafted by the subgroup, have been modified in the subgroup report. Further details on these
methods are provided in the paragraphs below.

4.15 The Working Group approved the dterations to Method A1 (adult weight on arriva at the
breeding colony). In addition, Dr Lorentsen commented that it may be more gppropriate to use a
condition index (i.e. weight corrected for body size) rather than weight at arrival. It was noted that
acceptance of this change or addition would be subject to the submisson of an gppropriate
recommendation based on andyss of data, including comparing the aternative methods. Members
able to collect and analyse such data were encouraged to conduct gppropriate investigations and
report to the Working Group.

4.16 The Working Group gpproved the dterations to Method A2 (duration of first incubation
shift).

4.17 Dr P. Wilson (New Zedand) noted that Method A3 (breeding population size) in its present
form does not dlow for the collection and submission of data derived from aerid counts of penguins.
If cCEMP required submission of the extendve current and historical data on penguin population Szein
the Ross Sea collected using aeria photography, it would be necessary to prepare information on
gppropriate methodology for potentid incorporation in a new procedure under Method A3. Dr
Wilson offered to prepare materials for consderation during the next meeting of WG-EMM.

4.18 The Working Group gpproved the minor dterations to Method A5 (duration of foraging
trips). The Working Group suggested that before other methods are incorporated into an appendix
to the standard method (Appendix |, paragraph 54), it would be appropriate to have information on
the accuracy of determining foraging trip duration by these other methods in comparison with radio
frequency telemetry. It was recommended, however, that details of the method of ataching radio
tranamitters should be placed in an gppendix to the standard method.

4.19 The Working Group approved the dterations to Method A6 (breeding success) and to
Method A7 (chick weight at fledging).
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4.20 In rdion to the suggestion regarding Method A8 (chick diet) usng the diameter of krill
eyebdls as a subgtitute for cargpace length (Appendix |, paragraph 61), the Working Group noted
that mgor problems would arise from the sexud dimorphiam in eye gze and the difficulty in
distinguishing between eyebdls of E. superba and E. crystallorophias. It was also noted that the
accuracy of comparisons of length frequency of krill taken by nets and predators would be gregtly
improved if carapace length was also measured for krill caught by nets.

4.21 In respect of the preservation of samples taken using Method A8 (chick diet) (Appendix I,
paragraph 62), Dr Kock noted that transference of krill samplesto acohal is likdly to cause changes
in krill mass and length. Equations for estimating krill length and mass have traditionaly been based
on formdin-preserved specimens. It was therefore recommended that krill samples for long-term
gorage should be preserved in buffered formdin. The formdin should be replaced a frequent
intervas.

4.22 In rdation to the recommendation of separating the firsd and subsequent vomits when
sampling penguin chick diet (Appendix |, paragraph 65), which arose from detailed work on Addie
penguins in the Prydz Bay region (SC-CAMLR-XIV, Annex 4, paragraph 5.25), Dr Croxdl
commented that this procedure was not gppropriate for al penguin species, not necessarily easy to
implement in the fidld and might create additiona complexity in reporting data to the CEMP database.

4.23 Dr Kerry, however, bdieved that for Adédlie penguins the first and subsequent vomits should
be andysed and reported separately, particularly since it has been demondtrated that there are
different foraging strategies for mae and femde Addies (WG-EMM-Methods-96/11) with maestaking
more food from the neritic zone. Food from such areas is more common in the first vomit as they
are collected by birds as they return to their breeding colony.

4.24 The Working Group recommended that, for the present, appropriate text on the above
subject should be added to the ‘ problems to be considered’ section of the standard method.

4.25 The following observations were made concerning the problem of standardising estimates of
wet weight of diet samples (Appendix |, paragraph 69):

() wet mass, rather than displacement volume, needs to be recorded for many
applicationsin predator studies (especidly converson to energy content);

(i) compresson of samples usng a sandard heavy weight may cregte problems for
subsequent determination of sex and maturity stage of krill; and



@) it might ke more useful to emphasise the need to ensure congstency of technique at
each dte than to try to obtain overdl standardisation across dl Stes and sudies.

The Working Group therefore recommended that an advisory note on this topic be added to the
‘problems to be consdered’ section of the standard method. 1t was considered that a workshop on
this topic was not necessary at this stage.

New Standard Methods

4.26 The subgroup aso considered proposals for new standard methods to be included within
CEMP. These were reviewed by the Working Group and, after minor modification, were adopted
and gpproved for publication in the CEMP Standard Methods. The approved new methods are for
(i) atachment of ingtruments (WG-EMM-Methods-96/5), (ii) data collection using time depth recorders
(TDRS) (WGEMM-Methods-96/5) and (iii) monitoring methods for petrels, which include methods for
the collection and analysis of chick diet in cape and Antarctic petres (WGEMM-Methods-96/4, WG-
EMM-96/53) and monitoring population size, breeding success, recruitment and adult surviva rate in
Antarctic petrels (WG-EMM-95/86, 96/14, and 96/12).

Other Methodologica Topics and Issues

Stomach Lavage of Procdlariiformes

4.27 In respect of the subgroup’'s advice reating to the use of stomach lavage for abatrosses
(Appendix |, paragraph 28), it was noted that the collection of regurgitations was probably far
preferable to lavage in terms of minimising handling time and sress to the birds. The Working Group
further noted that for many research purposes involving diet sampling, use of somach lavage
techniques would be preferable to methods which require the killing of birds.

Effects of Disease and Pollutants
4.28 The subgroup proposed that advice on appropriate methods for the collection of samples for
toxicologica and pathologicad andyss (WG-EMM-Methods-96/7 Rev. 1 and 96/13) should be added as

an gppendix to the cEMP Standard Methods. The Working Group endorsed this suggestion. In
consdering the text some additiond observations were made (paragraphs 4.29 and 4.30).
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4.29 Dr Boyd noted that it is dso necessary to examine background levels of contaminants in
tissues collected from birds or seds that have died of known causes, such as traumatic injury, where
death is unlikdy to have been caused by the poor hedth or condition of the individud. This is
important because the collection of tissues from moribund individuas for examination of contaminant
burdens has been shown to affect the measurements of contaminant concentrations.  This is
epecidly important for measurements involving lipid-soluble hydrocarbons. Dr Boyd aso drew
attention to the requirement, if total body burdens are to be measured, to measure the tota body
lipid content, in addition to the concentration of lipophilic hydrocarbons in a subsample of tissues.
This would require considerably more work on the part of the investigators in the field, in addition to
the need to develop appropriate protocols for carrying out this procedure.

4.30 Dr Kery raterated that the sole purpose of having methods for the collection of samples for
toxicological andysis or the investigation of disease was to determine whether or not ether were
implicated in increased mortality or morbidity & CEMP Sites.

4.31 Following on from the comments of Dr Boyd (paragraph 4.29), Dr Kerry noted that a
number of laboratories had been studying the incorporation of pesticides and pollutants into the
Antarctic organisms at different levels in the marine food chain. However, no basdline data are
avalable for predators being monitored a2 CEMP sites and it would therefore be appropriate to
obtain such basdine data. This could be done from biopsy materid and other samples such as all
from the preen glands of birds as well as the samples from post-mortem materid suggested by Dr
Boyd.

4.32 The Working Group requested that the existing text should be reviewed in the light of the
commentsin paragraphs 4.29 and 4.30 above.

4.33 An gppendix had aso been induded in WG-EMM-Methods-96/13 listing the materids required
for the post-mortem andyss of carcassess  While the Working Group commended the
comprehensveness of this lig, its extensve naure meant thet it was unlikdy that these materids
would be avalable a remote fidd dtes a short notice if unexpectedly high predator mortdity
occurred. Therefore, the Working Group requested that a listing of only those items consdered
absolutdy essentid for carrying out post-mortem andyses should aso be provided. This would
enable the minimum materids to be held a fidd stes where pathologicd studies are not a norma
part of the ongoing research program. Similarly, the Working Group noted that the requirement for
liquid nitrogen for sample storage in order to undertake biochemica andyses was unredigtic for
many fied stes.
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4.34 It was emphassaed that samples could only be andysed in specidist laboratories and that
such andyses are very expendve. Contamination of collected samples is possble if the wrong
containers are used and so care should be taken to have the correct containersin the field. Further,
if samples are not collected or stored correctly then laboratory datawill be difficult, if not impossible,
to interpret.

4.35 TheWorking Group again drew attention to the need for scientists conducting fidd studiesto
consult with veterinary pathologists before going into the field to ensure that, if needed, urgent
andysis of samples is possble and that any specid sampling requirements of the laboratory can be
accommodated (SC-CAMLR-XI1V, Annex 4, paragraph 5.49).

Marking Birdsfor Long-term Studies

4.36 Inrdation to the use of implanted dectronic tags (Appendix |, paragraph 39), it was noted
that while these tags offered consderable potentid for some CEMP purposes, they are unsuitable on
their own for some other gpplications, such as detailed demographic studies. Such work il relies
on externdly visble marks, severa research groups are currently investigating this problem.

4.37 Dr Croxal noted that the SCAR Workshop on Alternaive Marking Methods for Penguins
(Cambridge, UK, 31 July 1996) had received reports of successful subcutaneous implantation of tags
into the upper leg and lower dorsum of king penguins. No tag loss had occurred in these Sudies,
which were conducted over severa consecutive years. Dr Kerry aso noted that the same kind of
tags had been used extensively in Adélie penguins where they had been implanted into the neck (WG-
EMM-Methods-96/8).  Although the use of the tags had been very successful and the survivd of
tagged adults was equd to or better than that of banded birds, a problem that had been detected
was that tags may migrate from the ste of implanting.

4.38 The Working Group recommended that the investigations of tag migration proposed by the
subgroup (Appendix |, paragraph 41) should dso include studies of the rdative suitability of different
implantation Stes.

4.39 The Working Group noted that until the results of such studies were available it would be
premature to develop standard methods for the use of implanted tags (Appendix |, paragraph 42),
though scientigts using these devices were encouraged to make detals of ther methods and
experience widdy known.
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4.40 It was dso noted that there was currently no central directory of research groups and studies
using implantable trangponder tags in Antarctic seabirds. This problem is compounded by the fact
that South Africa, as notified to SCAR, can no longer continue to support the bird banding database
for Antarctic seabirds without additiona funding. The Working Group consdered that it was
important to ensure that information about the types and identification codes of bands and
trangponder tags should be available to the ressarch community to ensure compatibility of numbering
sequences and types of instrumentation at different sites as well asto provide a point of reference for
bands or transponder identification sequences recovered from birds. The Working Group agreed
this was an important issue but noted that there were financid implications for the maintenance of
such adirectory.

At-sea Behaviour

441 Atits 1994 meeting, WG-CEMP began the process of developing indices of predator foraging
performance and at-sea behaviour for incluson in the monitoring program (SC-CAMLR-XII, Annex 6,
paragraphs 4.15 to 4.23). Draft standard methods for the attachment and deployment of
instruments were consdered by WGEMM at its 1995 meeting and in the following intersessond
period these were circulated for comments. The circulation lig is given in WG-EMM-96/16, Appendix
1. These sandard methods were redrafted incorporating the comments received (WGEMM-
M ethods-96/5) and they were considered and endorsed with minor modifications by the Subgroup on
Monitoring Methods (Appendix |, paragraphs 8 to 12) at its meeting in August 1996.

4.42 In addition, a its 1995 meeting, WG-EMM approved the move towards holding a workshop
to develop standard methods for the andlysis and interpretation of data on at-sea behaviour. During
the following intersessond period, Dr Boyd wrote to asmal group of scientidts, including severd not
involved in studies related to CEMP but representative of those involved in studying at-sea behaviour,
to propose holding a workshop as defined under the terms of reference given by WGCEMP (WG
EMM-96/16).

443 The response to this letter indicated that there is insufficient interest to judtify holding a
workshop that would include othersinvolved in reated research. Nevertheless, the Working Group
re-afirmed its commitment to the development of standard andyticd methods for at-sea behaviour,
including those which would ensure that rdevant data are eadly reduced into a format that would
alow them to be reedily incorporated into the CEMP database.

4.44 In order to mantain the momentum of this initiative, the Working Group decided that this
issue should be conddered by the Subgroup on Statistics as an agendaitem at its next meeting. This
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would have the advantage that individuals with specific expertise could be invited to attend without
the need to convene a full-scale workshop. In particular, the subgroup should be asked to consider
sample datasets and analyses, and provide advice on the most gppropriate indices for incluson in the
CEMP database and the appropriate methods used to derive these indices.

4.45 In response to the suggestion by the Subgroup on Monitoring Methods that a standard
method for attachment of instruments to flying birds be developed (Appendix |, paragraph 13), the
Working Group noted that:

()  meany different types of ingrument are being attached to and implanted into flying birds
and awide variety of attachment techniquesarein use; it would be premature to try to
recommend standard attachment procedures;

(i)  unlike the stuation with attaching TDRS to seals, no proposas have yet been made for
the collection of sandardised data on the foraging performance of flying birds; and

(i)  the appropriate procedure would be first to define what would be measured and then
to provide advice rdating to Standardisation of ingrumentation and atachment
technique necessary to facilitate such measurements.

Crabeater Sedls

4.46 Following consgderation of crabeater sedls at the 1995 meeting of WGEMM, where concern
was expressed that no proposals for standard methods (and thereby the provison of datato CEMP)
had been made, SCAR-GSS had been asked by the Chairman of the Scientific Committee to provide
ass stance with drafting standard methods for CEMP.

4.47 This request was considered by SCAR-GSS a its meeting during July 1996 and an excerpt
from the draft report of this meeting was available to the Working Group (SC-CAMLR-XV/BG/10).

4.48 The response from SCAR-GSS emphasised the central importance of its research program on
Antarctic pack-ice seals @PIS). This program, which is due to run until the end of the decade,
addresses both of the main concerns raised by CCAMLR: directed research on crabeater sedls and
the development of monitoring methods. Dr @ritdand commented that the issue of monitoring on
crabeater sedls was a two-gtep processinvolving, firgt, the development of standard methods (which
is currently being undertaken by APIS), followed by the deveopment of monitoring procedures
(which will follow the completion of APIS).
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4.49 With regard to directed research, Dr Boyd, who is a member of SCAR-GSS, described the
generd function of APIS. The program provides a framework within which process-oriented studies,
focused mainly on crabeater sedls, can take place. This includes, wherever possible, collaborative
links with groups examining lower trophic levels and searice and, to this end, linkages are being
developed between the SCAR-EASIZ and SCAR-ASPECT programs and APIS.

450 The response from SCAR-GSS a0 highlighted the recent APIS workshop on the devel opment
of methods for measuring the distribution and abundance of pack-ice seds, including survey design,
data collection protocols (including at-sea behaviour) and data anadysis procedures. SCAR-GSS
emphasised the rdlevance of this to CCAMLR’s requirements for the development of CEMP standard
methods for crabester sedls and for eventualy establishing a CCAMLR database on crabeater seals.

451 The Working Group acknowledged and welcomed the significant steps that had been taken
by SCAR-Gss towards the development of census methods and a database for crabester seds. It
aso noted the advice from SCAR-GSS that it would be most gppropriate to wait until the main results
from the APIS program have been anaysed before establishing standard methods for monitoring
crabester sedls.

452 Dr Boyd dso commented that such monitoring procedures could follow the example
described in WG-EMM-96/33 where sedl popul ations were monitored using shore-based counts. Only
when there is more information about the movement patterns of crabeater seds in relation to season
and ice conditions, which will be avallable as a result of the APIS program, will it be possible to
edablish the effectiveness of this type of monitoring, develop protocols for monitoring crabester
seds in this manner and provide an interpretation of variations in parameter estimates. In addition,
the standard survey methods could be used to measure predator distributions during krill surveys.
An example of the type of survey in which these methods could be applied is given in WG-EMM-96/63.

Future Work on Standard Field Methods

453 The Working Group noted the comments of the subgroup concerning the posshble
requirement for a comprehensive review of the exising methods to examine thar ability to meet
CEMP objectives (Appendix |, paragraph 6). The Working Group felt that, given the extensve
gopraisa of methods undertaken at the present meseting, it was no longer urgent to carry out such a
review. It was fet that a better procedure would be for anyone who felt that a particular method
was ingppropriate for meeting CEMP objectives to submit to WGEMM a paper detailing their
concerns.



454 TheWoarking Group gpproved the following initiatives which were the subject of advice from
the Subgroup on Monitoring Methods (Appendix |, paragraph 81):

() deveop additional new methods for Antarctic and Cape petrels, especidly those for
breeding chronology (Appendix |, paragraph 30);

(i) request a study of the effects on birds of usng fresh or seawater for somach lavage
(Appendix |, paragraph 20);

(i) request the Subgroup on Statidics to consder andyss of predator foraging
performance data on at-sea behaviour (Appendix |, paragraph 16; see aso paragraph
4.44); and

(iv) mantan dose linkswith APIS (Appendix |, paragraph 46; see also paragraphs 4.46 to
4.52).

Andytica Methods

455 At its 1995 meeting, WGEMM highlighted severd aess in which the andyss and
presentation of datafrom CEMP could be improved and extended. Thisincluded (i) the calculation of
indices of dependent species parameters and, in particular, the need for an improved method to
identify anomdous years, (ii) extenson of indices to cover harvested species and environmentd
parameters and; (iii) improvements to the way in which data were presented. Consequently these
issues were referred to the Subgroup on Statistics for consderation during the intersessond period.

Report of the Subgroup on Statistics

456 Dr D. Agnew (Data Manager) presented the report of the Subgroup on Statistics (Appendix
H).

457 A new method had been developed by the subgroup to identify anomaous years in time
series of indices of dependent species parameters. This was required because the old method was
sengtive to the length of the time series and tended to indicate large numbers of datisticaly sgnificant
anomadies in the vdues of monitoring parameters.
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458 The method, which was suggested by Dr B. Manly (New Zedland), was based upon the
development of atable of critical values that depend on the length of the time series. These vaues
were developed from bootstrap smulations based on the assumption that the data fitted an empirica
normd digtribution (see WG-EMM-96/14). Thus it was necessary to transform data so that they were
normaly distributed. Since few of the monitoring parameters are normdly digtributed this remains
problematic.

459 Dr M. Mange (UsA) suggested that, as a further modification, it may be gppropriate to
develop tables of criticd vaues for each of the parameters, depending on ther empirica
digributions. However, this would require identification of an agppropriate digtribution of each
parameter to alow parametric bootstrap smulations to be carried out.

4.60 Dr Agnew had used the new method to identify anomaous years and reported that this
method was a substantid improvement on the previoudy used method. However, in consultation
with Dr Manly, some adjustments had had to be made to the method because in its origind form the
method had been over-conservative and therefore had identified too few anomalous years WG
EMM-96/13). Dr Croxal commented that in some indices the method Hill failed to identify anomaous
years where these would have been expected. Examples of this were noted in the review of
anomdies and trends given below. The Working Group recommended continued work on the
goplication of this method by modifying it further to provide an improved match with known mgor
anomdiesinindices.

4.61 The Subgroup on Statistics recommended that quantiles would be used as a method for
defining anomaous years in cases where data were not normally distributed or where they could not
be transformed to normality. Dr Kirkwood enquired about the methods used for andysing quantiles
and asked if any data had been presented using this method. In response, Dr Agnew explained that
this method had not yet been used, mainly because it was difficult to cdculate quantiles with the
software currently available for anaysing the database.

4.62 Dr Agnew noted other modifications recommended for the calculation of indices by the
subgroup. These are described in detail in the subgroup report (Appendix H).

4.63 There is a problem associated with data absert from cdls in a matrix from a group of
colonies collected for along time series. Additiona work is required in order to examine methods
for interpolating missing data for years when at least one colony out of a group has been counted.
Dr A. Murray (UK) agreed to investigate this problem intersessondly.



4.64 With reference to the use of Method C2 (fur sed pup growth rate) which may result in
biases caused by early mortdity in years of low food avallability, Dr Holt asked whether the same
effect was likely to occur due to predation. In response, Dr Agnew indicated that predation would
not lead to the same bias s0 long as each pup had an equal probability of being subject to predation.

4.65 With reference to unusud environmentad events, the Working Group endorsed the
recommendation of the subgroup that observations of this nature should be entered into the
comments field of the data submission forms.

Data Submissons

466 Dr Agnew described the dructure and rationde of WGEMM-96/4 which tabulated the
summaries and andyses of the CEMP database updated with data submitted for 1996.

4.67 The Working Group expressed its appreciation for the very substantid effort that had been
put into the compilation of this information, both by those submitting data to the CEMP database and
by Dr Agnew for his clear summary of the data The Working Group aso recognised that this
dataset now contained time series that were becoming long enough to alow meaningful comparisons
to be made between parameters and across Stes that would help greetly in undertaking ecosystem
assessments.

4.68 The Working Group reviewed dl the monitoring parameters described in WGEMM-96/4 for
anomdies and trends but the current problems associated with the satisticd andyss of anomalies
(see paragraph 4.45) were reiterated and the Working Group agreed that these should be
interpreted with caution at this stage.

4.69 A 17% decline in breeding population size of Adédlie penguins (Method A3) & Anversidand
during the 1990s was observed. Dr Trive piece reported that the longer time series from Admirdty
Bay indicated that the breeding population had been variable from the late 1970s to the late 1980s
but that smilar declines to those a Anvers Idand had been observed through the 1990s. Chinstrap
penguins & Signy Idand dso showed a sgnificant decline for the full time series (WG-EMM-96/10) and
asmilar trend was indicated for Adédlie penguins a this site athough it was not satiticaly sgnificant.
Similarly, there had been recent declinesin Addie penguin populations in the Ross Sea since the late
1980s.

470 The indusion in the tables of vadues for percentage change between years in penguin
breeding population sze is most helpful. Dr Croxdl’s illustration of this with the example of gentoo
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penguins from Bird Idand (WG-EMM-96/4, page 6) showed the usefulness of percentage change as an
ad to identifying potentially anomaous years. In future it may be appropriae to carry out analyses
of the percentage change vaues to identify anomdies.

471 Dr Croxal noted that the number of macaroni penguins at South Georgia has decreased by
about 50% since 1976. A mgor part of this decrease at the study colonies occurred in the late
1970s, dthough another decrease took place after 1994 (a year of extreme loca krill scarcity).
Gentoo penguin populations a South Georgia show consderable interannua variation, but there
gppears to have been an overdl reduction of about 20% in the Bird Idand population since 1977.

472 Dr Croxal provided saverd examples where the new method for identifying anomalies had
goparently faled to identify biologicdly sgnificant anomdies. Gentoo penguin breeding success a
Bird Idand (Method A6a, WG-EMM-96/4, page 15) shows four years of dmost complete breeding
falure. The anomdy index was successtul in identifying only one of these fallures. In addition, it was
unsuccesstul in identifying a leest one biologicdly sgnificant postive anomady when the breeding
success of gentoo penguins a Bird Idand was close to its biological maximum. Similar problems
existed for measures of penguin chick diet (Method A8aand A8b).

473 Attention was drawn to an gpparent trend in increasing chick med sze (Method A8a) for
Addie penguins a Anvers Idand and a recent decline in this parameter a Béchervaise Idand.
Comments relating to the former ste will need to be referred to the originators of the data but
Dr Trivelpiece noted that changes in the method of food sampling might be involved. Dr Kerry
noted that at Béchervaise Idand any gpparent trend would be due to the low value in 1995 where
the few samples obtaned were dl from early in the chick-rearing period. No samples were
collected later in the chick-rearing period because by then dmost dl the chicks had died.

4.74 The Working Group dso noted the trend of increasing fledging success (Method A6c) in
Adédlie penguins at Anvers Idand. In addition, it noted that depressed fledging weight of penguins
(Method A7) a Bird Idand was associated with years of low krill abundance a South Georgia
during 1991 and 1994.

4.75 Mr Ichii drew attention to the data for the foraging trip duration of chingrgp penguins at Sedl
Idand WGEMM-96/4, A5 figure 2). He explained that individuds foraging overnight showed little
vaidion in trip duraion (Jansen, 1996). Therefore, he recommended that only daylight foraging
trips should be used as an index. The Working Group noted that severad aspects of this index need
further investigation (see Appendix |, paragraphs 52 to 54) and recommended that Mr Ichii’s
suggestion be conddered in any future work.
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476 In concluding its review of the parameters on dependent species, the Working Group
recommended that questions rdlating to the statisticad definitions of anomadies in parameters should
receive further attention.

Directed Research on Harvested and Dependent Species

Fish

4.77 Pleuragramma antarcticum is an important prey species for sedls, penguins and fish in the
high latitudes and has been conddered as a monitoring species in the initid phase of CEMP. WG
EMM-96/65 provided new information on the hatching season and the growth of larvae and early
juveniles of the species in the vicinity of the Antarctic Peninsula Prdiminary results indicated that
assuming that micro-increments detected in otoliths were deposited daily, two hatching periods exist:
one in June—July and the other in December. The maximum rate of growth for larvae that hatched in
June-July was found to occur in Augudt.

4.78 The Working Group noted that these findings were in contrast to previous observations by
Dr G. Hubold (Germany) and others (SC-CAMLR-X1V, Annex 5, paragraph 6.14) who suggested that
P. antarcticum spawns once a year a the end of the austrd winter with larvae hatching in soring.
Veification of a daly depogtion of micro-increments assumed in WGEMM-96/65 Was sill pending
and was congdered to be crucid for the outcome of this study.

479 WGEMM-96/43 presented information on the interannud variation in the condition index of
mackerd icefish, Champsocephal us gunnari, a South Georgia. Interannud variation was high with
the higher condition indices, indicative of good feeding conditions, corresponding to years when krill
was abundant in the region. Years of krill scarcity resulted in low condition indices. These low
condition indices were congstent with years when CEMP indices from land-based predators, such as
breeding success and the proportion of krill in the diet of gentoo and macaroni penguins and black-
browed adbatross and foraging trip duration in fur seals dso indicated that krill abundance was low.

Seabirds and Marine Mammals

Diet

480 WGEMM-96/17 and 96/44 reported on the diet of the Cape petrel, Daption capense, during
the chick-rearing period at two locdities in the South Shetland 1dands and during the post- hatching
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period a Laurie Idand (South Orkney Idands). In both regions, krill and fish formed the
predominant items in the prey, in terms of mass and numbers, whereas other prey, such as
amphipods and squid, was of minor importance. The most common fish prey was the lanternfish
Electrona antarctica. Thiswasin contrast to results from studies in colonies of Cape petrels on the
Antarctic continent where P. antar cticum accounted for most of the fish prey.

481 WGEMM-96/32 emphassed the importance of fish in the diet of the South Polar skua,
Catharacta maccormicki, a the South Shetland Idands. A variety of fish species was found in the
diet of this gpecies during the breeding season a Haf-Moon Idand. The myctophid E. antarctica
was the most common prey Species.

4.82 Dr Trivelpiece noted that P. antarcticum and E. antarctica were the predominant prey
items of the South Polar skuas breeding in the long-term study region in Admirdty Bay, King George
Idand. The occurrence of P. antarcticum in the skud's diet was found to be highly varigble
between years and seemed to be linked to the presence of smdl krill in the area.  Reproductive
success of the South Polar skuas increased in years when P. antar cticum was present in their diet.
The proportion of myctophids in the diet appears to have increased since the late 1980s. Dr Croxal
noted that myctophids form the main part of the diet of king penguins and that the number of king
penguins in the Southern Ocean has doubled over the last decade. Otoliths of myctophids have
been found consgtently in scats of fur seds a Bird Idand, South Georgia, since about 1990.

4.83 WGEMM-96/31 presents results from six years of study of fish in the diet of blue-eyed shags,
Phalacrocorax atriceps, a the South Shetland Idands. Results from 1995/96 were in close
agreement with those presented to the Working Group in previous years. Notothenia coriiceps and
Harpagifer antarcticus, which are the most abundant fish species in inshore waters, formed the
bulk of the diet. Gobionotothen gibberifrons and Notothenia rossii, which were previoudy
exploited in the area, comprised alow proportion of the diet with no apparent trend over the years.

Foraging

4.84 Foraging movements of dependent species were described in WGEMM-96/12 and 96/69. Dr
P. Trathan (UK) indicated that grey-headed abatrosses from South Georgia appeared to be targeting
areas of high cephaopod abundance in the region of the Polar Fronta Zone to the north of South
Georgia (WGEMM-96/12). Dr Kerry reported that for six Adélie penguin colonies between 60°E and
140°E penguins feeding their chicks foraged between 100 and 120 km off shore (WG-EMM-96/69).
This meant that for these birds dong the Mawson coast there was potentid for overlgp with the
fishery as shown by the location of fishery data given for squares of 30 n miles x 30 n miles. The
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overlap for colonies near Davis occurred only outside the chick-rearing period. At Casey and
Dumont d’ Urville the possibility of overlap has yet to be ascertained.

4.85 Theforaging range of macaroni penguins from South Georgia was aso examined from data
on the at-sea didribution of macaroni penguins from ship observations during radid transects out
from breeding colonies (WG-EMM-96/59). When weighted for the Sze of breeding colonies at South
Georgia, this provided an estimate of the dendty distribution of breeding macaroni penguins foraging
in the region of South Georgia

4.86 Dr Trivepiece noted that variability in the incubation shifts of Adélie penguins, described in
WGEMM-96/58, probably reflects variaionsin trave time to and from the food source rather than the
quantity of food.

Population Dynamics

4.87 Dr Miller introduced WGEMM-96/38 which examined trends in abundance and breeding
success of macaroni and rockhopper penguins a Marion Idand (Subarea 58.7). The Working
Group welcomed the information contained in this paper.  Although macaroni penguins & Marion
Idand eat few euphaudids, it isimportant that the Working Group should consder parale datafrom
other sites in the Southern Ocean. This provides a broader context for the interpretation of trends
and anomalies at CEMP Sites.

4.88 Dr Croxadl described the long-term (20-year) patterns in breeding population sze, breeding
success and survival of black-browed dbatrosses a Bird Idand, South Georgia (SC-CAMLR-
XV/BG/7). The study population decreased substantialy in the late 1970s, recovered somewhat over
the next decade and then declined sgnificantly since 1988. Breeding success was sgnificantly lower
in the decade 1986-1996 than in the preceding decade, possibly reflecting more years of reduced
krill avalability in recent times. The early popuation decline coincided with notably low vaues of
adult survivd (1977-1979, 1981) which antedate any information suggesting incidental mortdity
asociated with longline fisheries. Recent declines, however, involving both reduced adult survivd
and very low recruitment rates, are likely to be due primarily to incidental mortdity.

4.89 Dr K. Shust (Russa) introduced wG-EMM-96/33 which describes counts of seds made at the
Fildes Peninsula, King George Idand. Five species of seals were observed. Elephant sedls were the
most abundant species.  Monthly counts showed variation through the year in dl species.
Comparison between counts made during 1974, 1985 and 1996 showed little variation in the
abundance of most species except Antarctic fur seals, which increased between 1985 and 1996.
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490 WGEMM-96/39 summarised CEMP activities of Chile at Cape Shirreff, South Shetland Idands.
In addition to censuses of fur seds, which are dedlt with in section 4, information was provided on
numbers of dephant seals (536), Wedddl sedls (26), leopard sedls (8), and crabeater sedls (2)
present in the area. Twenty-three penguin rookeries were recorded, with atota of 11 400 chinstrap
and 294 gentoo penguin nests.

491 Shipboard marine mammal and seabird surveys have been conducted by Audrdia and Italy
in the past year (WG-EMM-96/29 and 96/63). Dr M. Azzdi (Italy) described the results of the Itdian
survey which was carried out within the pack-ice zone and used a 400-m-wide gtrip transect. The
snow petrel was the most abundant species observed. Amongst the krill-dependent species, there
was a positive asociation between krill dengty in the concurrent acoustic surveys and predator
dengty, except for snow petrels, emperor penguins and South Polar Skua, for which no correlation
was obsarved. The Audrdian survey used the BIOMASS standard methods for seabirds and took
place north of the seerice. Some of the practica problems of carrying out these observations on a
ship which was dso involved in oceanographic surveys were outlined, and preliminary anadyses of
the data were described. It was reported that passive acoustic methods for examining the
distribution and abundance of odontocete whales had produced promising results.

492 The need for quantitative at-sea surveys of seabirds and marine mammas using standard
methods was emphassed. New sandard methodologies for seabirds and seds are being
investigated for use in the Southern Ocean; Dr Croxall noted that a report on recent workshops on
standardising quantitative seabird observations should be avallable soon and will be tabled at the
next megting of WG-EMM.

4.93 Mr Ichii presented WG-EMM-96/48 which provided the results of a survey of cetaceans in
Divison 484.1. The survey indicated spatia segregation of minke whales from humpback whales,
and sperm whales from beaked whales. It was noted that the area covered by this study overlapped
with that surveyed by Audraia (WG-EMM-96/29). Moreover the Working Group recognised that the
IWC-IDCR database could provide data useful to the Working Group for its ecosystem assessments.

ENVIRONMENT

Information Avallable

51 WwWGEMM conddered the comments of the Subgroup on Statistics relating to the monitoring
of the environment (Appendix H). The development of two new indices was recommended by the
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subgroup following discussons a the WG-EMM meeting in Siena concerning the need to develop
further indices (SC-CAMLR-XI1V, Annex 4).

52  Useof thefirg of theseindices, sea- surface temperature (SST), has been implemented by the
Secretariat (WGEMM-96/4). The second index recommended by the subgroup relates to the
characterisation of current flow. During the Cape Town meeting (WG-Krill-94) the Working Group
had considered aspects of krill flux and, dthough methods are being developed to examine this
aspect, the work is dtill a an early stage. WG-EMM agreed that a practica index of current flow was
important and needed to be developed.

5.3  The Working Group noted deliberations of the Subgroup on Statigtics and its suggestions
regarding various environmenta indices (Appendix H, paragraphs 51 and 52). The outcome of WG-
EMM’s congderations of this matter can be found in paragraphs 6.35, 6.36, 7.40 and 7.41.

54  WGEMM-96/13 reported on the development by the Secretariat, over the past year, of
environmental monitoring indices. The main new devdopment was the incluson in the CCAMLR
database of sST data obtained from the National Center for Atmospheric Research (NCAR) (USA).

55 These data are avalable a a gpatia resolution of 1° latitude by 1° longitude (cells) with a
tempord resolution of one month. The Secretariat identified those cdlls most closdy adjacent to
each CEMP dte which were a0 ice-free during the summer period. The means for the three months
from December to February were then calculated as an index of SST (WGEMM-96/4).

56 WGEMM agreed that incluson of these data in the CCAMLR database was a useful
development, dthough further congderation of an sST index would be possble only after interactions
in the ecosystem had been studied.

5.7 WGEMM reviewed the various indices of sea-ice which are included as part of CEMP (WG
EMM-96/4). The indices are: percentage ice cover, the date of sea-ice retreat past CEMP Sites, the
ice-free period, the distance from CEMP sites to the searice edge and the number of weekstheiceis
within 200 km of such gtes. It was emphasised that these might not be the best indices for EMM
purposes as they had been devel oped some time ago as part of CEMP.

5.8 Gened paterns of sub-decadd and regiond variability in sea-ice indices were reported in
papers presented at WG-EMM’ s meeting in Sena (WGEMM-95/62 and 95/80).

59  Apparent correlaions between searice and SST indices were dso indicated.  Aspects of
these links in the physical syslem were reported last year in WG-EMM-95/69 and 95/80. WG-EMM also
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acknowledged that there was awider range of literature beyond the papers submitted to CCAMLR on
aspects of the physica dynamics of the Southern Ocean.

5.10 It was suggested that some SST data did not fully accord with other anadlyses and that the
index might not perform equally wdl in al areas. When sdlecting areas for deriving SST indices those
where there may be rapid changes (e.g. a the frontal zones) or which include different water masses
should be avoided. Vaues derived for areas close to the coast may also be less rdliable. The
Working Group requested members with relevant knowledge to examine the data and the areas
from which they derive, and to recommend necessary adjustments and improvements.

Bathymetry

511 WGEMM reterated lagt year's concluson regarding the vaue of detailed bathymetric data
for an understanding of both ecologicd and fishery interactions. This was reterated in WG-EMM-
96/64, and there was some discusson on the interaction of water circulation with bottom topography
and the contribution these factors make towards observed prey distributions. 1t was suggested that
the compilation of detailed datasets in the same form as reported in WG-EMM-96/64 would be useful
for other aress.

512 Dr E. Hofmann (UsA) informed WG-EMM that high resolution bathymetric data were
available for the west Antarctic Peninsula region and that such a dataset could be obtained from her.
WG-EMM thanked Dr Hofmann for this offer.

5.13 Prof. Torres drew WG-EMM'’s attention to the fact that Chile had produced a bathymetric
chart (No. 14301, 1994) on ascale of 1 : 50 000 for the sea area around the Cape Shirreff CEMP
gte and the San Telmo Idands.

Sea-ice

514 Atitslast meging WG-EMM requested the Secretariat to prepare a document outlining the
development of searice indices in the Antarctic Peninsula region. The document had been prepared
(WGEMM-96/15). Members felt this paper gave a useful background to the sea-ice indices reported

inWGEMM-96/4.

515 Last year WG-EMM aso consdered the role of sea-ice in the ecosystem and recognised that
this matter needed to be addressed intersessondly by a correspondence group (SC-CAMLR-XIV,
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paragraphs 6.48 and 6.49). Dr Miller, convener of this group, reported on developments over the
past year. He noted that the group’s mgor tasks were to identify key hypotheses, liaise with other
programs and identify future requirements.

516 Dr Miller ds0 informed WG-EMM that he had encountered problems, which probably
resulted from the fact that the group’s task was unclear, and required broader input from outside the
group’'s membership. The Subgroup on Statistics suggestion of a workshop to develop relevant
studies of the searice offered a useful way forward.

5.17 TheWorking Group thanked Dr Miller for his efforts with the difficult task of addressing the
issue of seerice characterisation. It was acknowledged that wG-EMM should consider other waysin
which this could be achieved and the Working Group's discussions below should be viewed in this
light.

5.18 Dr Trivepiece informed the group of a conference on ice ecology, to be held in the usa in
March 1997, which could provide useful background information. Developments within SCAR,
particularly the EASIZ program, were also noted.

519 A more detaled discusson of the development of seerice indices followed. Dr Hewitt
presented data on the areal extent and duration of sea-ice cover for the west Antarctic Peninsula
region (WGEMM-96/24). The data were derived from the same dataset as that used in the calculation
of the CEMP indices (WGEMM-96/4).

520 Theanadyses used pixd data (25 x 25 km resolution) to describe the presence or absence of
Searice cover greater than 15% by area. This was displayed for each month as afunction of a year.
Following some discussion concerning the sze and geographica coordinates of the box from which
the information was derived, as well as the locad oceanography and bottom topography, WG-EMM
conddered the gpproach to be a useful development which attempted to characterise seaice
varidaion. The derived data encompass some of the aspects of ice variability which are likely to be
most important in krill recruitment processes.

521 Four periods of extensive ice cover over the last 17 years are evident in the datasst. The
first of these periods was centred on August 1980 with a relaively short seasonad duration. The
second was centered on August—September 1986 and was extended over more months (within the
year) and between years (e.g. in 1987 extensve ice cover pesked in July—August). The third ice
event was centered on June—-July 1991 and was more extensve between years than within the year.
The fourth gppears to be centered on August 1995 and looks asiif it will be extensive both within the
year and between years.
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5.22 It was again noted that the above data reflect the larger-scae and/or longer-term processes
generding varidbility in the searice fidld reported in WG-EMM-95/69 and 95/80 submitted |ast yesr.

Circulation

5.23 WGEMM-95/29 presented information on environmenta aspects of an integrated sudy of the
physcd and biological components of an area off the coast of east Antarctica (Divison58.4.1)
during 1996. Further analyses of data would be presented at later meetings of WGEMM. It was
noted that the direction of flow in open-ocean areas followed the generd pattern expected in the
West Wind Drift (vwD), whereas it was much more confused in the coastd regions. This has
implications for the retention of organisms within an area. These results dso emphasised the vaue of
including other types of plankton, such as phytoplankton and sdps, when attempting to understand
processes determining krill digtribution. WG-EMM acknowledged the importance of such integrated
oceanographic and biologica study programs and looked forward to the presentation of results of
such andysesin the near future.

5.24 Links between aimospheric circulaion patterns and hydrographic conditions in the wsc
were consdered in WGEMM-96/35. The paper emphasised the complexity of the surface flow
patterns in the region and indicated that the pogition of the wsc varies and that these variations are
linked to atmospheric conditions. The hydrographic data on which the analyses were based were
presented in WGEMM-96/36. WG-EMM noted that processes generating oceanographic variability are
likely to be of mgor importance in the marine ecosystem. Understanding the spatid and tempord
scale of associated fluctuationsin the regime of the physical environment is therefore crucid.

5.25 Dataon current flow and krill distribution were presented and the question of krill flux in an
area near the South Orkney Idands was addressed (VGEMM-96/37). The Working Group had
requested this type of study a earlier meetings. It conddered this to be a very vauable sudy and
noted the results with interest. Further development of such studies was encouraged as a matter of

priority.

526 WGEMM-96/12 reported results from an integrated physical and biological sudy. This work
involved the use of sadlite-tracked predators to identify genera areas where predators were
foraging. Oceanographic work aong with remotely sensed SST data were then used to characterise
regional oceanography. The importance of interactions between the water circulation and bottom
topography in generating mesoscae oceanographic patterns was emphasised.
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527 WGEMM-9/61 presented preiminary results from a regiond circulation modd for the
Antarctic Peninsula region and the southwest Atlantic. The modd has been developed to address
questions of transport and residence times of krill in the areas consdered by the 1994 Workshop on
Evduating Krill Hux Factors (Sc-CAMLR- X111, Annex 5, Appendix D). Higher resolution modds are
being developed for the Western Antarctic Peninsula region and South Georgia. The initid results
indicate that the areais characterised by extensve gyres with a spatid scde of about 200 km. The
implications of this finding were in accordance with existing perceptions of the areds ocean

dynamics topography.

Genegrd

528 WGEMM-96/21 consgdered long-term changes in the dimae and ther implications on the
marine food web in the Antarctic Peninsulaarea. The authors cite severa studies which demondtrate
atrend of increasing temperature and decreasing frequency of winters with extensve ice cover.
They aso note the correlation between winters of low ice cover and the occurrence of a population
bloom of Salpa thompsoni during the following soring.

529 The authors estimate that a sdp bloom could consume a subgtantid portion of primary
production during the spring and thereby deprive adult krill of sufficient food to support their energy
requirements. This would delay the maturation of adult krill, leading to poor spawning, and resulting
inawesk year class.

5.30 A decrease in the frequency of strong krill year classes would result in lower average krill
abundance and a reduction in the food available to obligate krill consumers. The reduction in
juvenile surviva and in population size of Adélie penguins were noted as supporting evidence,

5.31 Carbon cycle effects would aso be expected: during years of good krill recruitment and
elevated population Size, a relaively large proportion of the primary production passes through Krill
to vertebrate predators, and is adso transported to the sediments via dense, resilient fecd pellets.
During years of salp blooms, less newly-fixed carbon will pass through the krill-based food web, and
more will be transported into the microbid loop viardatively ddicate sdp fecad pellets.

5.32 It was emphasised thet there is consderable information of direct relevance to understanding
the observed characteristics of the physica environment being produced outsde WGEMM.

5.33 WG-EMM-96/60 rased the posshility of combining environmentally-based and fishery-based
modds, building on principles from agriculture and forestry. In discussion, it was recognised that a
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range of gpproaches would be ussful in devel oping ecosystem assessments.  Such an exercise would
provide a useful feedback into the development of more detailed fishery modds. It would dso be a
useful check of the vaidity of such modds. wG-EMM encouraged the development of a range of

moddling gpproaches to problems encountered in monitoring and managing the ecosystem.

534 WGEMM-96/68 detalled a sze-sructured modd for krill growth. The modd utilised a
physiologicad bass for growth dlied to seasond changes in food supply. The results indicated the
need of krill to encounter food during winter. Sea-ice agae or microzooplankton are required during
winter to maintain observed growth rates. WG-EMM agreed that the study reiterated the vaue of a
range of modelling gpproaches which would help as away of darifying key environmenta variables
and the relevant time scales for monitoring.

5.35 It was noted a number of times in discusson of the environmentd variables, that the
Working Group does not have a large group of people experienced in andyses of the physica
components of the ecosystem. It was agreed that it would not be useful to try and increase too
much the paticipation of such people. However, it was acknowledged that it was extremey
vauable to have the input of physica oceanographersin particular.

5.36 Vaious mechaniams for ensuring the gppropriate level of input of views on the physcd
environment into the Working Group were discussed. It was suggested that members ensure that
intersessondly they communicate as much as possble with scientists engaged in more physicd
aspects of Southern Ocean research.  This would help to identify key aspects of the physica
environment and ensure that new developments were brought to the notice of WG-EMM. Thisis
paticularly important as the Working Group begins to consder links between environmenta and
biological components of the ecosystem, congstent with its philosophica gpproach as identified in
1995.

537 WGEMM agreed that a smal email correspondence group should be formed in order to
improve dissemination of literature on the physica aspects of the Antarctic marine environment.

538 Last yer wGEMM was natified of the forthcoming SCAR-COMNAP mestings on
environmenta monitoring (October 1995 and March 1996). Dr P. Penhde (UsA) presented a
paper (WGEMM-96/62) summarising the developments of the meetings. The key points raised were
noted by the Working Group and it was suggested that ccAMLR should continue to be kept
informed of developmentsin thisarea.
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5.39 Dr Kock notified the Working Group of a forthcoming meeting on the Southern Ocean
organised by the 1oc. Dr Kock would be attending this meeting in his cagpacity as Chairman of the
Scientific Committee.

ECOSYSTEM ANALYSS

By-catch of Fishin the Krill Fishery

6.1  Japanese scientigts continued their investigations on the by-catch of fish in the Japanese krill
fishery in the vicinity of the South Shetland Idands in Februay-March 1996. WGEMM-96/52
provided prdiminary information on the species compaosition and the amount of by-catch taken by
the trawler Chiyo Maru No. 3. Onboard sampling and the presentation of results closdly followed
the standardised procedures agreed on by the Scientific Committee. Fish were encountered in 41
out of 147 hauls observed. Juveniles of notothenioid fish were primarily found in hauls carried out
over the shdf, while mesopdagic species occurred only in tows over the shelf bresk and in oceanic
waters. Lepidonotothen larseni2 was the most abundant notothenioid, and Electrona carlsbergi
the mesope agic species most frequently encountered in the by-catch. The by-catch of fish tended to
be highest when the krill cPUE was smdl.

6.2 The Working Group welcomed the continuing efforts of Japanese scientists to provide
information on the by-catch of juvenile fish in the krill fishery. The Working Group suggested that
this data should be augmented by length compositions of the most abundant species and then
incorporated into the comprehensive review of the by-catch of fish in the krill fishery which is
currently being undertaken by a group of specidists in this field and coordinated by the Science
Officer, Dr E. Sabourenkov. An interim report on the datus of this review will be submitted to the
megting of WG-FA in October 1996. Prof. Torres informed the Working Group that Chile will
provide information in the near future on the by-catch of fish in itskrill fishery from 1991 to 1994.

6.3  The Working Group noted that most of the by-catch studies have been conducted during the
austral summer. It reiterated requests from previous years to extend these studies to other seasons
to cover spatia and seasond differences in the occurrence of fish in krill catches, in order to better
assess when fish are most vulnerable to the krill fishery. Mr Ichii suggested that ssomach contents of
fish taken incidentaly in the krill fishery should be anaysed more often in order to obtain a better
understanding on the association of juvenile fish with krill aggregations.

2 Formerly known asNototheniops larseni
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Harvested Species and the Environment

6.4  To focus discusson, the Working Group considered the scaes over which changes in krill
standing stock or recruitment were observed and the implications of this on the degree of isolation
and of advection between aress.

6.5  Therewas evidence that in the 1995/96 season strong krill recruitment had occurred in both
Subareas 48.1 (WGEMM-96/23) and 48.3 (WGEMM-96/18), suggesting that factors affecting
recruitment in this year had been smilar across the southwest Atlantic sector of the Southern Ocean.

6.6  However, resllts from a large-scde survey in Area 58 (WGEMM-96/29) showed only
average recruitment in contrast to the high values observed in Subarea 48.1, indicating that changes
were not occurring synchronoudy throughout the Southern Ocean.

6.7 Conddering vaidaion a smdler scdes the Working Group was reminded of two
datasets presented to WGEMM-95. Great varidion in penguin chick surviva at Béchervaise Idand
(WGEMM-95/33) illugtrated that local krill avallability can vary widely from year to year. Data on krill
recruitment estimated from penguin diet samples at PAmer Station (Anvers Idand) and King George
Idand (WGEMM-95/64) showed that the indications of strong recruitment a the two locations were
one year out of phase.

6.8 Indicesfor digtribution, abundance and depth of krill were derived from data collected during
the Us AMLR surveys off Elephant Idand between 1990 and 1996 (WG-EMM-96/22). It was pointed
out that the variation of these indices within the restricted foraging range of penguins was less than
that occurring in the main survey area. Thusit gppeared that krill aggregations may be reliably found
in some areas. In addition, it was suggested that these areas may act as foci from which krill
digtributions extend outward in years of high krill abundance.

6.9  Summarisng these discussions, the Working Group recognised theat it was important:
() toedablish the degree of linkage between major concentrations of krill;
(i)  todetermine the Sze of areasin which amilar variation takes place; and

(i)  to edtablish to what extent variation could be explained by changes in krill production
within the area as opposed to movement of krill from areato area.

Furthermore, the implications of these points with respect to the Size of management areas used by
CCAMLR should be considered.
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6.10 The Working Group discussed in some detall the estimates of krill recruitment proportion in
Subarea 48.1 and the links between this and the extent of winter sea-ice.

6.11 At the previous meeting of the Working Group, WGEMM-95/64 showed that the krill
population structure derived from krill length frequencies taken from penguin diet samples a PAmer
Sation (Anvers Idand) was different from that a Admirdty Bay (King George Idand). These
differences had been linked to a one-year time lag in pack-ice cycles between the aress.

6.12 During discusson it became apparent that the relationship between these factors was more
complex than previoudy thought.

6.13  Oceanographic conditions at PAmer Station, at the western end of the Antarctic Peninsula,
were likdy to reflect those in the Bellingshausen Sea. However, whileit was likdy thet the southern
dde of the Brandfield Strait would reflect Weddell Sea characteristics, the northern sde of the
Bransfield Strait could reflect Drake Passage and possibly even Bellingshausen Sea characteridtics.
Thus the same krill population structure might be expected from the study Stes a Anvers Idand and
Admirdty Bay.

6.14 The effect of sea-ice on the biology of krill was aso seen as complex. 1n 1995 there was
extendve winter ice cover, large numbers of 1+ krill, good recruitment — one of the highest vaues for
the proportions of recruits recorded over 18 years — and few saps (WGEMM-96/21). Depending on
the ice conditions in the 1996 winter, another strong year classis expected to emerge from spawning
during the 1995/96 season.

6.15 During the winter of 1994 there was above-average extent of ice, and low krill and sdp
abundances during the summer of 1994/95 (WGEMM-96/21). Low krill abundance was attributed to
poor krill recruitment from spawning during 1992/93 and 1993/94. The lack of a sdp bloom was
attributed to above-average ice cover during the winter of 1994,

6.16 An andydss of these phenomena has been prepared by Sege and Loeb (1995) who
proposed that increased ice cover may act in two ways. First, it may enhance feeding of the adult
population during winter and inhibit a goring sdp bloom. This results in early spawning for the krill
and successful recruitment. Second, greater ice cover improves the chances of survivd of the larvae
through the winter after pawning.

6.17 Dr S Kawaguchi (Japan) consdered, however, that if ice cover acts in these two ways,
there should be more years with a high proportion of recruits than were observed in the scientific net

surveys. Some evidence of a high proportion of recruits was observed from the fishery data when

173



this was to be expected but was not detected in the scientific surveys. This evidence suggests that
there may be a high possibility of underestimation of the proportion of krill recruits.

6.18 Some members cautioned that it is difficult to interpret proportions of recruits from
commercia catches because these do not represent random samples from the population.

6.19 The Working Group noted that while the exact link between sea-ice and krill recruitment
was not ample, it was suggested that the present relationship had some predictive power and that
this should be explored further.

6.20 The recruitment indices available to the Working Group a present are edtimates of
proportiona recruitment and thus have a number of restrictions. For instance, in ayear of low stock
abundance even low leves of absolute recruitment may gppear as a high proportiond vaue.

6.21 The Working Group recognised the importance of deriving an absolute recruitment index as
the next sep. However, it was dso pointed out that even at the present level of development,
recruitment indices derived from research cruises, the fishery and predators, together with ice
indices, have congderable utility for both explanation and prediction of variaionsin the ecosystem.

6.22 The Working Group also recognised that while a medium-term goal of WGEMM was to
understand the underlying process of varidion, in the short term the implications of the large variation
in the values of proportiond recruitment for the krill yield model were very important.

6.23 The present krill yield mode is based on the assumption that the krill stock varies around a
median levd with no trend in recruitment. Bearing in mind the condderable effort put into
investigating the links between cdimate change and searice, and between ice cover and krill
recruitment, it is possble tha a long-term change in krill biomass and recruitment might be
confirmed. The Working Group recognised that further development of the model may be required
to take account of such changes (see Appendix F).

6.24 Findly, the Working Group noted that, while the environment affects krill growth and
mortdity, in the modd such environmenta effects are assumed to be absent. This question should be
congdered in the future, for ingtance using the gpproach described in WGEMM-96/68.
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Harvested Species and the Krill Fishery

6.25 A compilation of information on the location of the commercid krill fishery in Area 48 (WG
EMM-96/64) confirmed that key locations were fished regularly from year to year. Many of these key
locations (particularly in Subareas 48.1, 48.3 and west of the South Orkneys in Subarea 48.2) were
related to the pogtion of shelf breaks or current gyres. Other fishing Sites in Subarea 48.2 were
more variable and were more likely to be related to the postion of the ice edge or postion of the
current fields prevailing a thet time.

6.26 In Area 58 the longitudina postion of the fishery was much more variable but it Hill tended
to occur in the shelf bresk/d ope region (WG-EMM-96/28).

6.27 WGEMM-9569 presented at the last meeting of WG-EMM, considered links between CPUE
data from the Russan fishery in Subarea 48.3 and environmental parameters. Dr Murphy indicated
that further analysis of these data had been undertaken and that the relationship between cPUE and
SST was more complex than described in WGEMM-95/69.

6.28 Hedso pointed out that, Snce searching time was very short in this particular fishery, the krill
CPUE index basad on towing time (WG-EMM-95/69) could provide an index of loca densty.

6.29 Attention was drawn to WGEMM-96/4, in which the reationship between Japanese krill
catches in tonnes/hour in Subarea 48.1 (index H1) and the percentage ice cover in the same subarea
(index F2a) showed some agreement, with poor CPUE and low ice cover occurring in 1985, 1990
and 1993.

I nteractions between Ecosystem Components

Dependent Species and the Environment

6.30 Some discussion on this topic took place during the Working Group's earlier reviews of
harvested species, dependent species and the environment. Much of this discussion related to the
potential interactions between ice cover, productivity and surviva of prey and consequent effects
on productivity and surviva of predator populations (see paragraphs 3.53 to 3.57; dso SC-CAMLR-
X1V, Annex 4, paragraph 5.119, 6.22 to 6.32, 6.44 and 6.45).

6.31 Dr Trathan noted that the investigation reported in WG-EMM-96/10 was Simulated by the
suggestions of Fraser et a. (1992) that sea-ice cover profoundly influenced penguin populations, and
that recent declines in searice cover in the Antarctic Peninsula region would be predicted to have
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opposite effects on Addie and chingtrgp penguin populations (based on the very different afinity of
these two species for sea-ice habitat). No long-term trends were evident in the data on local searice
conditions at Signy Idand, South Orkney Idands, 1947 to 1992 or on regiona sea-ice conditionsin
this area from 1973 to 1988, athough there were pronounced quas-periodic fluctuations.
However, this may smply reflect differences between the western Antarctic Peninsula, influenced
mainly by Bdlingshausen Sea conditions, and the South Orkney Idands, influenced manly by
Wedddl Sea conditions. At Signy Idand, predator population sze and breeding performance,
monitored annudly since 1979, showed no correlation with locd ice conditions. However, with
regional seaice conditions there were reationships between winter seerice & a time (different for
each penguin species) just before its maximum extent and subsequent penguin breeding population
sze

6.32 Dr Trivelpiece reported that WGEMM-96/58 indicated that dmogt dl aspects of Addie
penguin biology are influenced by environmenta variability & one scale or ancther. The results aso
indicated that the absence of breeding Adélie penguins aong 500 km of coadtline in the centra
Antarctic Peninsula region reflects the need for breeding birds to replenish body reservesin the early
spring post-laying period by returning to predictable sea-ice habitat. Birds breeding at coloniesin
the southern Antarctic Peninsula can reach agppropriate sea-ice aress in the Bellingshausen Sea
Breeders from northern colonies can travel to appropriate areas in the Wedddl Sea. However, in
between these areas distances to sea-ice may be too great for viable breeding populationsto persst.
The gap in Addie penguin digribution is filled by abundant breeding populétions of chingrap
penguins, a species which does not require access to sea-ice. The presence of submarine canyons
which create sufficient upwelling of warm Circumpolar Degp Water (CDW) to provide open-water
conditions earlier in the breeding season may have provided conditions favouring the establishment of
large Addie penguin colonies adjacent to these canyon aress.

6.33 Dr Kerry reported that both fledglings and post-moult adults leave the breeding colony at
Béchervaise Idand (67°S 63°E) in late February and March and overwinter at least until June in the
pack-ice zone in close proximity to the continenta shelf bresk. During this period they move
progressively westward at approximately the speed of the searice. Precise locations compared with
sea-ice conditions derived from AVHRR satellite data show that they have access to the sea through
leads or broken pack-ice (Kerry et a., 1995).

6.34 The searice zoneis dso akey habitat for emperor penguins, results of satellite-tracking work
emphasise the dependence of breeding birds on access to polynyas for breeding (Ancd et d.,
1992). Post-fledging chicks, however, may cover large distances, travelling outsde the sea-ice zone
nearly as far north as the Polar Frontd Zone (Kooyman et d., 1996). Dr Kerry reported that
Kirkwood and Robertson (in press) found through satelite tracking, dive andyss and somach
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sampling that in the winter and spring of 1993 and 1994 emperor penguins feeding chicks at Auster
rookery foraged in a polynya over the continenta shelf and in a polynya at the junction between the
fast-ice and pack-ice. Femdes in winter fed dong the continentd dope and maes in spring fed in
waters over a canyon that runs across the continental shelf and forms a polynya Both sexes fed on
E. superba, which congtituted between 51 and 70% of the diet by mass. This evidence suggests
that krill may be abundant in winter and early spring in waters over the shelf dope and in canyons on
the continental shelf.

6.35 The report of the Subgroup on Statistics (Appendix H, paragraphs 51 and 52) noted that,
athough data relating to searice as viewed from CEMP Sites and local westher conditions and snow
cover are defined in CEMP standard methods (F1, F3, F4), no data are currently being submitted
and therefore no indices can be calculated. WGEMM encouraged Members collecting these data to
prepare standardised formats for data submission and to suggest how appropriate indices might be
caculated.

6.36 The Working Group noted that methods for calculating indices of sea-ice (number of ice-free
days and distance from CEMP Stes to searice edge) had dready been implemented and that
preliminary andyses of SST data were aso available. Of the other environmenta indices listed in
Appendix H, paragraph 52, only for water flux had no progress been made in developing a standard
method.

Dependent Species and Harvested Species

Diet, Energy Budgets and Foraging Ranges
of Birds and Marine Mammals

6.37 The Working Group has made a standing request to Members to monitor and update
annudly data on diet, energy budgets and foraging ranges of birds and maine mammals in the
Convention Area (SC-CAMLR-XIV, Annex 4, paragraph 5.101).

Digt
6.38 WGEMM-96/11, 96/31 and 96/32 provide information on the quantitative compodtion of fish

diets of black-browed and grey-headed abatrosses at South Georgia, and blue-eyed shags and
South Polar skuas at the South Shetland Idands. WG-EMM-96/17 and 96/44 provide details of the diet
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of Cape petrds at the South Shetland and South Orkney Idands, showing that in 1995/96, although
krill predominated in their diet, myctophids were dso common.

6.39 WGEMM-96/8 and 96/9 were primarily intended to address questions of krill sdectivity by
predators and the difference in sdlectivity between predators and research nets. However, these
papers adso contain consderable information on the Size, sex and reproductive status of krill (and on
the overdl proportions of krill in the diet) taken by a range of top predators at South Georgia in
1986.

Energy Budgets

6.40 New data relevant to population energy budgets are contained in WGEMM-96/7 (at-sea
energy expenditure of Antarctic fur seds), and WG-EMM-96/66 (overdl energy budgets of macaroni
penguins and Antarctic fur seds at South Georgia).

6.41 WGEMM-96/19 summarises data rdevant to the cdculaion of energy budgets and food
requirements of Southern Ocean krill predators. This was welcomed as a most timely and
comprehendve document. Authors of early cCAMLR compilations on this topic (eg. Croll, 1990
(WGCEMP90/30 Rev. 1); Croxdl, 1990, 1991 (WG-CEMP90/31, 91/37), Bengtson et a., 1992
(WGCEMP-92/25)) and others familiar with this field were urged to review WG-EMM-96/19 in order to
contribute additiond information and to identify any errors or anomdies.

Foraging Ranges

6.42 New data on foraging ranges of top predators are provided in WGEMM-96/12 (grey-headed
abatrosses a South Georgia), WGEMM-96/49 (chingtrap penguins a Sed Idand), WGEMM-96/58
(Addlie penguins in the Antarctic Peninsula region), WGEMM-96/59 (macaroni penguins a South
Georgia) and WGEMM-96/69 (Adélie penguins dong the coast of eastern Antarctica).

I nteractions between Dependent Species and their Prey

6.43 Mr Ichii presented two papers (WGEMM-96/49 and 96/55) which provide additiona andyses
of aspects of the data collected at and near Seal Idand in 1994/95 (see SC-CAMLR-XIV, Annex 4,
paragraphs 5.98 and 5.99). This study assessed krill and myctophid abundance (from acoustic
surveys) in relation to diet and foraging of chingrgp penguins. Krill dengties were higher over shelf
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aress (i.e. near shore) where myctophids were scarce or absent, but lower offshore, where
myctophids were more common. Krill in offshore areas tended to occur in layers and were larger,
more advanced in maturity stage and included gravid femdes (possbly more easlly caught by
predators); in inshore areas krill tended to occur in dense and discrete svarms and were smdler,
less advanced in maturity stage and contained a greater proportion of maes. Chinstrap penguins
foraged in two distinct modes.  birds making daytime (and shorter) trips foraging inshore, while those
making longer trips (including overnight periods) foraged offshore. It was suggested that the
advantages of foraging offshore — in an area of reduced overdl krill abundance — included less
patchy krill distribution, larger and easier-to-catch krill and the presence of myctophids.

6.44 Japanese and US researchers were commended for collecting such a range of vauable data
and combining them into an interesting and informative summary. There were condderable
discussonsin regard to the andysis and interpretation of the data.

()  The actud locations where penguins were feeding were apparently unknown except
for asmdl number (7) of birds actudly tracked while a sea; assgnment of sudy birds
to inshore/offshore categories was presumably therefore only made on the bass of the
type of foraging trip undertaken.

(i)  The assgnment of birds whose diet was sampled to daytime and overnight foraging
categories gppeared to be inferred from the time of return of birds without knowledge
of their departure times.

(i)  Because birds foraging overnight aso had the opportunity to forage in the daytime, the
location where specific pey were captured had to be inferred. It would aso be
vauable to know the reproductive success of birds making daytime trips compared to
those making overnight trips.

(iv) If the birds studied included both individuds of a pair during the brood-guard period,
then the timing of return of one bird automaticaly determined the departure time of its
partner; there were potentid biases from this source in respect of departure time and
aso in respect of the sex of the birds.

(v) Dr Kim noted that the oceanographic sudies in the Elephant Idand area in 1994/95
(see sc-CAMLR-X1V, Annex 4, Appendix 1) indicated that the ocean fronta zone north
of Elephant Idand moved south by 15 n miles during the course of the sudy. This
could account for some differencesin krill Sze aswdl as foraging distance of penguins
between the two study periods (leg 1 and leg 2), described in WG-EMM-96/49.
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) The few diet samples taken in 1994/95 showed a very smal proportion of
myctophids. For the five years of samples (1988-90, 1991, 1994) the data submitted
to CEMP suggested that only in 1994 did myctophids contribute more than 1% of the
overdl diet by mass (WGEMM-96/4). Usng a different method, the results of andyss
of Mr Ichii’s data indicate that the proportion by mass of myctophids ranged from 14—
41% for overnight foragers (0—1% for daytime ones). However, Dr Croxal suggested
that athough myctophids may occur regularly in the diet of overnight (but not daytime)
foraging birds from Sed Idand, they appear to make a substantid contribution only in
years when krill is scarce.

6.45 Dr Croxdl introduced WGEMM-96/7, which examined at-sea energy expenditure in relation
to diving activity of Antarctic fur seds at South Georgia in 1992 and 1993. The results show a
negative relaionship between energy expenditure and severd measures of diving activity, i.e. the
more that an animd dived, the less energy it expended. Although the authors had expected a
pogitive rdationship, this finding suggests that most energy expenditure at seamay be associated with
surface swvimming, eg. searching for krill swarms, and tha those animas which spend the grestest
proportion of their time diving are those that are most successful at finding swarms. It may well be
that travelling, rather than feeding, is the expensive part of a foraging trip. The study aso showed
that there was no rdationship between foraging efficiency and foraging trip duration; i.e. those
animds with shorter-than-average foraging trips did not forage more efficiently than those with
longer-than-average trips. However, it was stressed that this sudy was carried out in years of
normd krill abundance and that the results might well be different in years with reduced krill
avalahility.

6.46 In introducing WGEMM-96/66, Dr Croxall noted that athough it had been prepared in
response to requests relating to the caculation of precautionary catch limitsin Subarea 48.3 (see sC-
CAMLR-XIV, Annex 4, Appendix H), it summarised extensve data relatiing to predator-prey
interactions for the two most important top predators of krill in this subarea. The population energy
budget provided includes information based on activity-specific energetics, in relation to age, sex and
dage of life and reproductive cycle, estimates of population age sructure for each sex and
caculation of food intake in respect to, inter alia, each 9ze class of krill.
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Moddling Relations between Dependent Species and Prey

6.47 Dr Mangd introduced WGEMM-96/20, which described the development of the first modd to
investigate the effects of fisheries on krill predators which consdered processes at the levd of akey
interaction (foraging trip), rather than at the level of population effects.

6.48 Theman components of the modd are descriptions of:

0]

(i)

(ii)

)

the spatid and tempord patterns of krill;

the mode of operation of the fishery (in a season lasting 100 days and operating within
200 km of the shore) and its effects on krill;

the foraging performance (determined by explicit decison rules) and surviva of a
model predator (here the Addie penguin) throughout each of the five stages of its
breeding season, incorporating a detailed empiricad energy budget for chick-rearing;
and

the effect of the removd of krill by the fishery on Addie penguin reproductive success
and adult survival.

The main am of the modd was to compare penguin reproductive success (chick survival) and adult
aurviva in the absence and presence of afishery.

6.49 Inthemodd:

0]

(i)

(ii)

krill biomass potentidly available to predators and the fishery fluctuates in accordance
with an age-structured stochastic recruitment model which generates the long-term
frequency digtribution of krill biomass (Butterworth et d., 1994);

fishing (conducted according to rules on minimum loca biomass for sarting and
stopping fishing, daily and seasond catch limits, etc.) is assumed to change the spatio-
tempord dructure (determined by diffuson and advection) of the krill avalable to
predators foraging from their breeding Ste;

offspring surviva depends on the cumulative amount of krill ddivered, such that when
the deficit exceeds 40% of the requirements for rearing a hedthy chick, the chick dies;
and
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(iv) parentd survivd isinfluenced by the time it needs to spend at seato accumulate krill to
meset its own needs (during incubation) and aso those of its offspring (during chick

rearing).

6.50 The reaults of tracking accumulated food deficits of parents and offgpring and accumulated
adult mortdity while foraging, in dtuations with and without fishing, are expressed as redive
reproductive success and rdative parentd survival. The vaues derived from the present model

indicate that:

()  reproductive success (i.e. chick survivad) declines in linear fashion with respect to krill
catches by the fishery a an overdl rate 50% greater than the rate a which krill is
removed by fishing; and

(i) reative paentd survivd is dso a linear function of krill catches but with an overdl
dope of 0.65, i.e. parentd surviva declines a a rate 35% less than that at which krill

are caught by the fishery.

6.51 The Working Group fdt that this modd has great potentia for investigating interactions
between predators, prey and fishery at the scales of greatest interest and concern to CCAMLR. The
success of the modd in reflecting biologically redigtic trade- offs between adult and offspring survivd
was aso noted.

6.52 Questions were raised about the modd and its performance, concerning the:

()  robustness of the modd, given that the equations for reproductive success are based
on alarge number of parameters and assumptions,

(i) likelihood thet different distributions of krill could change the results substantidly;
(i)  consarvaive naure of the assumption that the fishery proceeds to exploit krill from
behind the direction of advection whereas predators operate from the opposte

direction;

(iv) effect of using different types of fishing tactics (eg. different options for different parts
of thefled, lie-inrwait tactics etc.); and
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(V) degree of independence between the density-dependent responses relating to krill
dengty/food availability and decreased surviva with time at sea.

6.53 Inresponse Dr Mangd dated that:

() the sendtivity andyss described in the paper indicates consderable robustness,
particularly to the lesser-known parameters,

(i)  themodd could be adapted for different krill distributions;

(i)  the fishery could proceed across the ‘midpoint’ peak of the krill digribution so the
modd was not entirely conservative in this respect;

(iv) other types of fishing tactics could fairly readily be incorporated; and

(V) the responses of the two factors are not independent but interact (i.e. there is a
defiat-mortdity interaction).

6.54 Inresponse to questions concerning further development of the moddl, Dr Mangd noted that
using observed krill dengties would be productive and that further work on the nature and magnitude
of differences between adult and offspring surviva would be desirable.

6.55 The Working Group noted that the implications of this gpproach and its initid results would
be of particular relevance to ecosystem assessment issues.

6.56 Dr Butterworth summarised the background to modelling functiona relationships between
predators and prey leading to the development of initid models for Antarctic fur sed, black-browed
abatross and Addlie penguin. At last year's meeting (SC-CAMLR-XIV, Annex 4, paragraphs 5.104
to 5.113) problems that had been encountered in developing these modds were discussed;
agreement on how to proceed with the modds was summarised in SC-CAMLR-XIV, Annex 4,
Appendix F.

6.57 These modds relate distributions of survivd rate estimates to distributions of krill biomasses
as predicted by the krill yield modd, through functiona relationships. To fit the data, it is necessary
to rdate the surviva rate didributions to krill ‘avalability’ rather than krill biomass, where the
‘avalability’ in any one year is obtained by nrultiplying the biomass output of the krill yidd modd by
alognormdly distributed random error term.
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6.58 Progress had been made intersessondly on the modes for Antarctic fur seds and
black-browed albatrosses (WGEMM-96/67). For Antarctic fur seds, using the revised procedure for
correcting adult surviva rates, the modd indicated that the redlience of the Antarctic fur sed
population at South Georgiato krill harvesting is strongly dependent on the estimate of the maximum
annua growth rate (R) which the population can achieve. For R = 10% (the rate currently prevailing
a South Georgia) a krill harvesting intengity rate (g,,;) of dightly more than 0.1 would be needed to
reduce the sed population to hdf its pre-exploitation level. It was noted that this value of g, IS
close to g = 0.116 as evduated from the krill yidd modd to correspond to a median krill
excgpement of 75% of the levd without fishing, the criterion currently used in respect of
precautionary catch limits for the krill fishery. Further work may need to address the consegquences
of edimation imprecison and mode uncertainty on the eimate of g.,; ahd the effect of dengty
dependence on adult survivd of fur sedls.

6.59 For black-browed abatrosses the data are derived from a population declining (at least
patly due to longline fishery-induced incidenta mortdity) from an undisurbed maximum to an
average leve of depletion taken to be 0.85 of the undisturbed level.  The extent of the resilience of
this speciesto krill harvesting will greetly depend on the value of b, a scding parameter related to the
effect of dendty dependence on survival. If b is as low as 0.55, then the dbatross population
becomes extinct; at higher vaues of b, population stabilisation would be possble under the present
level of fishery-induced mortdity. To resolve this problem, estimates of survivd rates for
black-browed abatrosses in the absence of fishery-induced mortdity are needed.

6.60 Dr Croxdl indicated that estimates of surviva rates of adult black-browed abatrossesin the
absence of fishery-induced mortaity could be obtained by sdecting from the data (a revised verson
of which is provided in SC-CAMLR-XV/BG/7) the vaues for 1976 to 1989 inclusve. These are from
the period before there was evidence of any effect of incidentd mortdity on adult black-browed
albatrosses. It was agreed to conduct this re-andyss intersessondly. Dr Kirkwood enquired
whether the model would be improved by the use of priors in a Bayedan anadyss and noted that
dengity dependence is assumed to operate linearly; other assumptions (e.g. a power modd) might
produce different results. It was agreed that the sengtivity of the modd to different functiond forms
for the dengty-dependent term should be checked.

6.61 Further work recommended on krill- predator modeling studiesis detalled in Appendix F.
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Fisheries and Dependent Species Overlap

6.62 For anumber of years the Secretariat has been caculating the critical period-distance (CPD)
index, the catch in the critical period-distance (100 km from land-based predator colonies over the
December—March period of the breeding season). Last year WGEMM requested that the Subgroup
on Statigtics re-examine criticdly the cPD index and the conceptud framework upon which it was
based (SC-CAMLR-XIV, Annex 4, paragraphs 5.92 t0 5.96).

6.63 Inits report (Appendix H) the subgroup noted that problems associated with the overlap
concept may have been due to the severd different scaes involved. It identified four generd levels
a which the analysis of niche overlap may be consdered, asfollows:.

(i)  precautionary overlap;
(i)  potentia overlap;

(i)  redised overlagp; and
(iv) dynamic overlap.

6.64 Thesewere described in more detail in the subgroup report (Appendix H, paragraph 37 and
Table 3).

6.65 The subgroup suggested that in order to make refinements in the existing cPD cdculaions of
potential overlap, it required additiond data on monthly estimates of diet compostion and on
maximum and modd foraging range, by colony locations, in aeas of fishing operations.
Development of the redlised overlap index should proceed in parale with development of the
potential overlap index asit is percaived as arefinement of the latter.

6.66 The subgroup noted that the dynamic overlap anadyss was potentidly very appropriate for
modelling fishery-predator interactions but information required for this gpproach is substantid and
may not be currently available at the scaes required.

6.67 The Working Group thanked the Subgroup on Statistics for this val uable contribution.

6.68 The resllts of the cdculation of overlgp indices were presented by Dr Agnew
(WG-EMM-96/4). This paper includes both the potential and redised overlaps, the latter incorporating
amodification suggested by Dr K. Hiramatsu (Japan) (see Table 3).

6.69 Indices 1 and 3 increased from 1985 to 1989, and have been declining since that time.
Indices 2 and 4 have been declining since 1986. The Working Group agreed that each index
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provided different information. The fishery has been deadily reducing the amount of spatid
congruence with predator foraging. In absolute terms, the amount of overlap with predators was
grestest a atime when catches in Subarea 48.1 were high in the late 1980s. The recent decline in
al indices has resulted from the fishery shifting to the autumn and winter months in Subarea 48.1 for
operational reasons (see paragraph 2.5).

6.70 Mr Ichii indicated that cPD is a product of the past when there was uncertainty about the
overlap between the fishery and predators. This index takes no account of the size and distribution
of colonies, nor of the distance of the fishery from colonies of different Stes, and therefore is not only
ingppropriate in terms of the theory of ecological niche overlap, but aso digtinctly overestimates the
overlap between the fishery and predators. Now that the extent of overlap has been found to be
less than expected (Agnew, 1995), the cPD index should be dropped in favour of caculating the
redlised overlap (Agnew and Phegan, 1995). The redised index incorporates the above information
and should indicate more redlistic and reasonable overlaps.

6.71 Dr Croxal responded by noting that discusson of the nature, extent and potentia
consequences of overlap between the krill fishery and dependent predators had a long history in the
Scientific Committee and its working groups. Almost dl aspects relevant to the assessment of this
interaction have been debated a length previoudy3 and there had been various atempts to suggest
that the fishery and predators took krill of different Szes, that they exploited krill a different depths
and, latterly, that overlap between the main fishing and penguin foraging aress is low at fine spatia
scdes.  He recollected that the origind cPD index (potentid overlap sensu Appendix H) was
developed to try to monitor a Stuation whereby a substantia krill fishery consggtently operates within
the foraging range of krill-dependent predators at a critical time of year for the predators. The point
a issue now is whether it is possble to replace the current CPD index, which has resolution a
relaively broad spatia (100 km) and tempora (3—4 month) scaes a which krill flux is potentidly of
less importance, with afine-scale index (realised overlap sensu Appendix H) which ignores flux.

6.72 Some members fdt that the fine-scale approach as described in wG-Joint-94/8 and Agnew
and Phegan (1995) dearly has some merit, but it is important to note that neither the approach, nor
the parameter vaues, nor the conclusions in the latter document have been criticdly examined by the
Scientific Committee or its working groups. Furthermore, the modd  is sendtive to the parameter
values used and those selected by Agnew and Phegan (1995), which (except for gentoo penguins)
are consarvaive in terms of caculating foraging range even for species at Sed Idand, are not typica
of vaues prevalling a other sites in Subarea 48.1 and certainly not gpplicable to other subareas of

3 SC-CAMLR-X, paragraphs 6.27 to 6.39 and Annex 7, paragraphs 5.12 to 5.22; SC-CAMLR-XI, paragraphs 5.24
to 5.31 and Annex 7, paragraphs 6.37 to 6.57; SC-CAMLR-XII, paragraphs 8.31 to 8.45 and Annex 6,
paragraphs 6.48 to 6.56; SC-CAMLR-XIII, paragraphs 7.8 to 7.18 and Annex 4, paragraphs4.1 to 4.3; SC-
CAMLR-XIV, paragraphs 5.18 to 5.20 and Annex 4, paragraphs 5.87 t0 5.99 and 7.25 to 7.30.
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Area48. Findly, the modd does not include fur seds, one of the species contributing substantiadly
to the definition of spatid boundaries in the origind CPD index. Therefore, even if krill flux were not
anisuein ng effective overlap between the activities of fisheries and predators at this time of
year, the conclusons offered by Agnew and Phegan (1995) lack generdity, being at best Ste and
parameter dependent; consderable further work is required on fine-scale andyss and until thisis
done it would be premature to dispense with broader-sca e assessments.

6.73 Dr Trivelpiece pointed out thet it is important to recognise that there is potentid for
consderable overlap between the fishery and predators at other times during the breeding season
when predators are no longer constrained by the need to provision chicks. Of particular importance
is the post-fledging period when large numbers of chicks begin foraging independently and adults are
feading intensvely in preparation for their annua moult. This period may be particularly important in
Subarea 48.1 as the Japanese krill fishery is now most active during this period each year.

6.74 Dr Kerry noted that fledgling Addie penguins tracked by satellite from Béchervaise Idand
move from their natal colony in late February and March and forage in the vicinity of the shelf breek.
Thismeans they are foraging in an area of potentid overlgp with the krill fishery (WGEMM-96/69).

6.75 It was noted that progress on analyss of finer scales of overlgp, as envisoned under the
redlised and dynamic overlgp modes, would require data on the dengties of predators as a function
of disance from the breeding areas. In addition, some measure of movement of krill (krill flux)
would need to be incorporated into the redlised and dynamic overlap models.

6.76 Indiscussons on the importance of flux to the caculaions of niche overlep it was suggested
that flux is consdered to be of minor relevance at the subarea scale but that it becomesincreasngly
important at finer scales of anayss. Flux may dso be more important in some areas than in other
areas a comparable scdes (eg. flux in the Peninsula versus Prydz Bay regions).

6.77 It was suggested that if an area with a known fishery catch and predator population is
defined, then flux may not be important. However, a fishery upstream may affect predators
downstream, and under these circumstances flux may be an important consideration.

6.78 The niche overlgp of interest is actudly the krill resource in an areawhich is not the area of
the fishery. The origind cPD index was designed to provide a measure of the degree of congruence
between predators and fishing in areas of overlap. Dr Miller suggested that it may be desirable to
refine this origind concept by linking it with an gpproach that would describe the functiona links
between predators and the fishery during a critical period of time.
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6.79 Dr Hewitt suggested that an experiment might be designed for Subarea 48.1 that coupled a
synoptic survey of the krill resource with calculations of predator demand and fishery catch and then
examine the differences. However, Dr Butterworth cautioned the Working Group that the two
gpproaches measure krill in different units, the synoptic survey in tonnes, the fishery catch in tonnes
per unit of time (in this case a year).

6.80 The Working Group suggested that progress could be made intersessondly on the redised
overlgp index if the Agnew and Phegan modd were evauated criticdly in terms of its assumptions
and the values of parameters used. It was agreed that such atask could appropriately be initiated by
referring the mode to the Subgroup on Statistics and dso inviting submissions to this group on
additiond or dternative values of parameters, including those suitable for extending the generdity of
the model beyond the Sedl Idand area. In particular, the Secretariat was asked to request data or
anayses describing, for dl rdevant Sites and species.

()  monthly edimates of typicd diet composition (aong the lines of index A8b), maximum
and modd foraging range, and direction;

@)  finer scde foraging data where possible (such as specific foraging ditribution functions
in different directions from a colony); and

()  edtimates of the above derived from close and/or Smilar Stes if the information is not
avallablefor the specific CEMP Ste.

These data should gpply to the current biologica and tempord dimensions of the cPD caculaions
(the land-based phase of land-breeding predators, eg. December to March). Additiond
contributions on times outsde of the chick-rearing period are dso solicited, especidly the time
immediately following fledging when adults and juveniles may ill be concentrated around CEMP
dtes. Fine-scae fisheries data will continue to be required for al areas to evauate cadculations of
overlap usng the data requested above.

6.81 It was expected that this process would lead to one or more versons of a redlised overlap
modd being developed that could be gpplied to some combination of species, Stes, idands, idand
groups and subareas, depending on the nature of and variation in the empirica data.

6.82 Theindices of overlap provided by this gpproach would be expected ultimately to replace

those currently calculated using the potentia overlgp model, which would, however, continue to be
cdculated for the time being, particularly until implications rdlating to krill flux are better understood.
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6.83 In due course, it would be appropriate to caculate for examination the performance of
redised overlap modds usng different assumptions concerning the nature and magnitude of krill flux
in gppropriate aress.

6.84 It was dso noted that the Mangd model (WGEMM-96/20) could be developed to perform
gmilar functions both in edimating redised niche overlap and in developing a dynamic overlap
modd. Further such work on the Mangel model was strongly encouraged.

Andydssof Datafrom CEMP Indices

6.85 Much of the discusson under Agenda Items 3 to 5 has included consideration of trends and
anomdies in individud CEMP indices presented in WG-EMM-96/4.  This section of the report
describes integrated analyses of the indices.

6.86 WGEMM-96/22 presented an investigation of the relaionships between various indices of
prey avalability & Sed Idand derived from the AMLR acoustic surveys (overdl average volume
backscattering strength, mean distance of prey from Seal Idand, mean depth of prey and persstence
over time) and indices of predator performance. Chingrgp foraging duration was postively
corrdated with depth of the prey fidd and its disance from Sed Idand, and longer foraging
durations were associated with heavier somach weights and lower proportions of krill in the
somachs. The strongest correlations were found between chingrap fledging weight and breeding
success, but neither of these parameters were correlated with foraging duration, ssomach weight or
the proportion of krill in the diet.

6.87 Three explanations were suggested for the lack of corrdation between indices of prey
availability and breeding success for chingrgp penguinsin WGEMM-96/22:

(i) the ghort time series (8 years) and the low variability in breeding success may reduce
the ability to detect rdationships. It was noted that the method used for measuring
breeding success a Sed Idand only monitors chicks from hatching to the start of
creching; thisis only aminor factor in determining overdl breeding success.

(i)  agpects of the disperson of prey may be more important than its loca abundance.
Thereis clearly a need for the development of indices derived from the distribution of
the prey fidd, perhaps as some combination of patchiness and depth. Theories of the
response of foraging animas to patch composition and digtribution, as derived from
behaviourd ecology studies, may prove useful in interpreting the behaviour of
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predators in such a prey field. For instance, where patches are identicd, foraging time
(@ combination of traveling time and patch resdence time) and distance may be
expected to be postively correlated, but if patches are not identicd the relationship
between foraging time and distance is not eadly predicted.

(i)  chinstrap breeding success may not be food-limited in the Elephant Idand area (but
see paragraph 6.91 below).

6.88 WGEMM-96/22 indicates that paradoxically fur sedl foraging duration appeared to be
negatively correlated with distance of the prey fidd from Sed Idand, and positively correlated with
pup growth rate, the latter despite expectations that longer foraging duration would be associated
with lower pup growth rates. Indices from Bird Idand show similar positive correations with pup
growth and foraging durations of less than 100 hours, with pup growth only declining as foraging
duration increases beyond 100 hours. Mean foraging duration has never risen beyond 100 hours at
Sedl Idand. These results may indicate that fur sedls have never been food-limited a Sed Idand,
possbly switching to a higher reliance on fish in poor krill years.

6.89 Whatever the reason, these results indicate that some CEMP indices may show rather
different and more complex responses than those which were previoudy assumed.

6.90 WGEMM-9/27 dso examined the Sed 1dand CEMP indices, and found positive correaions
between chingrap breeding success and the dengty of krill in the larger South Shetlands area
derived from net haul surveys. A regresson mode was constructed which linked breeding success
to sea-ice extent in the previous two winters (R, = 0.78), on the basis of the conceptua moded of
Segd and Loeb (1995) where successful krill recruitment is enhanced by prolonged sea-ice cover in
the winters immediately before and after adult spawning. Because krill recruitment was aso
positively correlated with searice extent and breeding success, its incluson did not sgnificantly
improve the fit to the modd.

6.91 This modd, therefore, successfully captured most of the environmenta influences on
breeding success. The paper then used various indices of fishing activity to try to account for the
resduds of the modd. This gpproach was proposed as a method for determining the relative
contributions that environmenta change and harvesting activity may make to observed changes in
predator parameters, since one of the core aims of CEMP is the separation of the effects of these two
factors.

6.92 Thisapproach was welcomed as the first attempt to draw together in aformaised fashion the
multivariate data from the CEMP program. It was noted that it would only be possible to detect
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contemporaneous locd effects of harvesting activity usng such an gpproach, and that it would be
vulnerable to being confounded by changes in regiond prey abundance such as have been noted in
Subarea 48.1 (see paragraph 6.72). The approach aso assumed largely unchanging behaviours of
predators and fishermen, assumptions which are unlikely to be satisfied. It was further pointed out
that athough the modd was currently couched in linear terms, some of the relaionships, especidly
with recruitment proportion, might be better modelled by non-linear relationships.

6.93 The Working Group agreed to hold a workshop to address the uncertainties regarding the
relationship between indices of harvested and dependent species at specific site and adso between
subareasin Area48. The main focus would be on examining long time series of datain the area.

ECOSY STEM ASSESSMENT

Assessments Based on CEMP Indices

7.1  Consderable progress has been made this year in the andyss of the CEMP indices,
particularly the identification of anomadies and trends. Some further work is required, however,
particularly on the treatment of indices which are not normaly distributed, before the working group
can be confident of its identification of anomalies. It therefore agreed that it could not yet present a
table of datisticadly reiable anomalies, but would instead present Table 4. Since Table 4 is a
categorical presentation of normal deviates of the indices (derived through datisticd andysis of the
CEMP data), it is haf-way between the previous quditative, and somewhat subjective, presentation
of datain last year's report (SC-CAMLR-X1V, Annex 4, Table 3) and a future quantitative presentation
of anomdlies

7.2  Bearing in mind Table 4, and other indicators contained in papers presented to the meeting,
the Working Group derived the following ecosystem assessment for 1995/96:

() Subarea 48.1: there was evidence from prey surveys of a very strong 1994/95 krill
year-class (62% of the population was year 1) and that krill was quite abundant. This
strong year-class followed two successve years of cold winters with extensive ice
cover, in kegping with the hypothesis linking sea-ice to krill. The high aundanceisin
contrast to the relatively low levels of krill abundance that have been recorded since
1989. Predator breeding success was high.

(i) Subarea 48.2: there are no time series data on prey abundance, but the predators
experienced a good breeding year, in common with the Situation in Subarea 48.1.
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(i) Subarea 48.3. there was evidence from prey surveys and predator indices that krill
was more abundant than it has been in previous seasons.  In common with most of
Area 48, the subarea experienced lower water temperatures than usual, and predators
experienced a better than average breeding year.

(v) Area 48: based on the above assessment, it is clear that there is some
coherence between events in Area 48, with 1995/96 being a cold year with
better-than-average krill abundance and predator performance.

(v) Divison58.4.2: following the totd falure of breeding Adédie penguins a Béchervaise
Idand in 1995, the result of a local krill shortage, most breeders returned in 1996
athough breeding success was a little lower than normd. No information on prey
abundance was available.

(vi) Divison584.1: akrill survey discovered higher krill abundance in the western portion
of the subareg, than in the eastern portion, dthough no other higtoricd surveys were
available to enable an assessment of the relative abundance of krill in the 1996 season
to be made.

(vii) Subarea88.1: predator performance in the Ross Seawas at an average level in 1996.

7.3  TheWorking Group congratulated the Secretariat on its new analysis and presentation of the
CEMPindices, and requested that Smilar presentations be made in future years. Further work is now
needed to develop ways of further summarisng and interpreting the indices beyond those
presentations provided by the Secretariat. However, the Working Group suggested that this be
undertaken by individud research communities with specific experience of individua CEMP Sites
rather than the Secretariat. Examples of the sorts of multivariate anadyses which could be developed
further at dl CEMP Sites were presented in WG-EMM-96/22 and 96/27. The full dataset of raw CEMP
data, and atable of the indices calculated by the Secretariat (by Ste, year, species, sex and method)
are now available for Members to use in such investigations within the rules of access to CCAMLR
data

Egtimetion of Potentia Yidd

7.4  Because annud krill recruitment varies naturaly, the biomass of the krill population fluctuates
even in the absence of exploitation. Thus this biomass could be above or below its median levd at
the time a pre-exploitation survey tekes place.  The krill yidd modd, which provides
recommendations for precautionary catch limits for krill on the bads of such surveys, takes the
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existence of these fluctuations into account inits calculations. However, if extrainformation becomes
available which dlows estimation of the trend and extent of the difference between the krill biomass
and its median pre-exploitation level a the time of a survey, the krill yiedd moded could be refined to
take thisinto account and thereby provide an improved estimate of potentid yield.

7.5  Paragraph 4.48 of the Working Group’s 1995 report (SC-CAMLR-XIV, Annex 4) draws
attention to evidence presented suggesting that the 1981 AIBEX survey, which provides the biomass
estimate upon which recommendetions for a precautionary catch limit in Subareas 48.1, 48.2 and
48.3 have been based, took placein ayear of relatively high krill abundance.

76 WGEMM-96/45 presented refined indices of krill recruitment and dengty in the Elephant
Idand area for most years from 1977/78 to 1994/95. The dendity index was suggestive of relatively
high krill abundance at the time of the ABEX survey.

7.7 The extent of the variation in both the recruitment and the dendty index reported in
WG-EMM-96/45 gppeared inconggtent with the levd of recruitment variability currently input for
cdculations usng the krill yield modd. Either this leve of varigbility has increased, or the median
recruitment leve itsdf has changed over the period covered by these data for the Elephant 1dand
area.

7.8  The question was raised as to whether the trends indicated by these Elephant Idand data
reflected only local variations, or changesin krill aoundance on aregiond scde.

7.9 In response, Dr Hewitt cited correlations between krill aundance leves in the Antarctic
Peninsula and South Georgia regions in both 1994/5 and 1995/6 as supportive of the hypothess that
the Elephant 1Idand survey data are reflective of regiond-scale effects (see also paragraph 6.5).

7.10 A further quedtion raised was whether the Elephant Idand krill density index could
reasonably be considered to be linearly proportiond to krill abundance on a regiona scae. For
example, this index suggests a fdl in krill abundance of some 10-fold or more from the time of the
FIBEX survey (which estimates the krill biomass in Subareas 48.1, 48.2 and 48.3 to have been some
35 million tonnes) to the 1990/91 season. Given that the customary annua consumption of the krill
predators of these subareas amounts to a few million tonnes, the assumption of linear proportionality
of the index implies that wide-ranging deleterious effects on predators in these subareas should have
been evident in 1990/91.
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7.11 Although thereis evidence:

()  of declinesin some predator populations in Area 48 (especialy macaroni penguins and
black-browed abatrosses in Subarea 48.3 and Adédlie penguins in Subarea48.1) from
the 1980s to the 1990s,

(i)  that 1990/91 was a season of very poor reproductive performance by krill-dependent
predatorsin Area48; and

@) that some limited scope for switching from krill to other diets exigds for some
predators;

even dl these together could not offset potentid effects on the scale implied by a decrease in krill
abundance within Area 48 directly proportiona to the changes in dengity at Elephant Idand. There
remains, of course, the possibility thet krill abundance is being substantially underestimated.

7.12 TheWorking Group hed insufficient information to determine the degree to which the indices
from the Elephant Idand area are representative of abundance trends in the surrounding region
(Subareas 48.1, 48.2 and 48.3). It agreed that the implications for the output from the krill yield
mode of the recruitment and dengity estimates reported in WG-EMM-96/45 should be investigated
intersessionally. Detailed specifications of the work to be conducted are listed in Appendix G.

7.13 The Working Group agreed that these uncertainties reinforce the need for a new
guasi-synoptic survey in Area48.

7.14 The suggestion was made that the krill yiedd modd be adjusted to take account of
environmenta determinants of krill recruitment success (note, for example, the correlaion between
such success and the extent of sea-ice cover reported in WG-EMM-96/24).

7.15 Inresponseit was suggested that:

() environmenta andyses be investigated to provide insight into both the tempora and
aed scde (paticulaly whether loca or regiond) upon which mesasured krill
recruitment fluctuations were likely to be correlated; and

(i)  rather than reformulate the yield modd, anadlyses of environmenta data be undertaken

to provide information on the parameters of the statistical distribution to be expected
for time series of krill recruitment on a regiond scae (this is the key input to the krill
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yieddd modd, and is a present inferred from the andlysis of the length distribution data
collected during scientific surveys).

7.16 It was noted that the functiond rdationship analyss for Antarctic fur seds (WG-EMM-96/67)
suggests that the use of avaue of the krill harvesting intensity parameter (g) of dightly more than 0.1
would yield an estimated sedl population level of some 50% of pre-exploitation abundance. Such a
vauefor g is compatible with that of 0.116 obtained from the krill yield modd for maintaining median
krill escgpement at 75% of its pre-exploitation level. This vaue was previoudy adopted as an ad
hoc means of taking account of the food requirements for krill predators in setting precautionary
catch limits for the krill fishery.

7.17 It was noted that the krill predator functiond relation model required an additiona random
variable (rdating kill biomass to availability) in order to fit predator survival data (see paragraph
6.57 and WG-EMM-96/67, equation A4). This implies that additionad care may be required when
esimating precautionary catch limits until the relaionship between krill biomass, krill avalability and
predator survival is better elucidated.

7.18 Previous meetings (eg. SC-CAMLR-XIII, Annex 5, paragraph 4.56 and Annex 7, paragraphs
4.34 and 4.35) have noted that the estimate of g provided by the krill yidd modd is sengtive to
possible age-dependence in krill’s naturd mortdity, specificaly to larger vaues of this mortdity at
and| ages.

7.19 WGEMM-96/8 and 96/9 compared krill samples from contemporaneous net hauls with
predator diet samples from Antarctic fur seds and six seabird species. A preponderance of gravid
femde krill in the predator diets was noted, probably reflecting some combination of sdectivity by
predators and superior escape responses of male krill.

7.20 In the light of these reaults, it was agreed that some tests should be conducted of the
sengtivity of the krill yiedd mode to anaturd mortality schedule which increases at grester ages.

7.21 It was neverthdess noted that inferences from the observed distributions might be biased as
a result of a preponderance of large krill in the population in the year of sampling. It was dso
pointed out that only land-breeding predators had been consdered, and that the impact of other
predators (e.g. fish) on smal krill should not be overlooked.

7.22 The results presented dso indicated that the effect of net selectivity on the procedure used to
esimate M from krill length frequency digtributions might require examination.
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7.23 Resaults from a 1996 krill survey in Subarea 58.4 in the Indian Ocean were noted (WG-EMM-
9%/28). Edtimates of R, were very similar to those used previoudy for inferring inputs to the krill yield
modd. Further the cv for the survey (0.27) was very close to that assumed (0.30) for previous
cdculations with thismodd. It was therefore agreed that there was no need to recompute g from the
modd with input parameter values specific to the Indian Ocean, and that the current estimate of g=
0.116 could be applied to compute a recommendation for a precautionary catch limit for this
Subarea.

Precautionary Catch Limits

7.24 The Working Group caculated the precautionary catch limit for Divison 58.4.1 as 775 000
tonnes per year, based on the results of the Audrdian biomass survey (6.67 million tonnes)
(WGEMM-96/28) and the krill yield model  (harvesting intensity 0.116).

7.25 At last year's meeting, the Working Group developed an intersessond work plan designed
to enable the application of the method proposed by Everson and de la Mare (1996) for the
caculation of precautionary catch limits based on predator consumption data (see SC-CAMLR-XIV,
Annex 4, paragraph 8.2). This method uses estimates of krill consumption by predators, krill naturd
mortdity and krill turnover times, and their variances, to caculate the biomass of krill which would
be expected to be found in a given area if a synoptic survey were to be conducted there.
Application of the method to Subarea 48.3 a this meeting would require a new estimate of predator
krill consumption and an independent estimate of krill turnover based on oceanographic estimates of
water mass turnove.

7.26 WGEMM-96/66 presented new estimates of predator consumption in Subarea 48.3 based on
the abundance and energetic requirements of fur seals and macaroni penguins a South Georgia. The
estimates were derived from a generdised modd of gross energy requirements of the predators in
relation to age, breeding status, body mass and the stages of reproductive and life cycles (see dso
paragraph 6.46). Totd krill requirements for the two predators combined was estimated to be
11.8 million tonnes per year, with an sD of gpproximately 1 million tonnes per year.

7.27 The Working Group welcomed this new andyss. The Working Group agreed with the
points raised in the paper about future refinements to this modd which would require predator diet
data at finer tempord resolution, and the incluson of spatiad components such as disperson in
predator behaviour. Nonetheless, the Working Group aso agreed that the estimates obtained with
the current model were adequate for use in caculating precautionary catch limits based on predator
consumption data.

196



7.28 Unfortunatdy, andyses amed at obtaining an independent estimate of  krill turnover could
not be completed in time for this year's meeting. Dr Everson reported that estimates based on
acoustic doppler current measurements were currently in progress, and should be ready for
condderation at the Working Group's next meeting. Consequently, the Working Group was unable
to cdculate precautionary catch limits using this method at this meeting.

7.29 Dr V. Sushin (Russa) noted thet, if cdculaions given in WG-EMM-96/66 are correct, krill
fishing a current levelsin Subarea 48.3 poses negligible or very little competition to predators. Even
when maximum catches of about 250 000 tonnes of krill were taken in the past, these represented
less than 2% of predators food demand. Dr M. Naganobu (Japan) supported this view.

7.30 The Working Group, whilst noting these comments, consdered it premature to draw
conclusons about the impact of recent catch levels on dependent species until the andyses in
paragraph 7.28 were completed.

Congderation of Possble Management Measures

7.31 The Working Group recommended a precautionary cach limit for Divison 58.4.1
of 775 000 tonnes per year.

7.32  Noting the work ill in progress for Area 48, and the additiond tasks identified this year, the
Working Group was unable to provide revised estimates of a precautionary catch limit for this areg,
or provide advice on the dlocation of the limit to subareas. Pending the completion of this work, the
Working Group recommended that existing management measures for Area 48 remain in force.

Extension of the Scope of CEMP

7.33 No extensonsto the scope of CEMP were proposed at this meeting.

Strategic Moddling
7.34 Discussions on grategic modelling centred around the conceptud framework developed a
the last meeting of WG-EMM. In particular, the Working Group reviewed Figure 4 in SC-CAMLR-

X1V, Annex 4 with a view to identifying those areas where progress had been made in the past year.
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It was agreed that in Figure 3 in that report, it was necessary to add an additiona weak linkage from
dependent species to the fishery, in order to take account of interference with fishing gear by
seabirds and marine mammals (e.g. seabirds causing bait |0ss).

7.35 TheWorking Group noted that the work in the intersessond period has mainly concentrated
on the strongest and most important of those processes and linkages in the conceptual model. These
are desgnated by heavy arrowsin the figures.

7.36 Tables 5 and 6 summarise where progress has been made on ether the loca-scae or
regiond-scae strategic models.

7.37 The Working Group was pleased to note that baanced progress had been made in
enhancing understanding of each of the main linkages and processes a both loca and regiond
scales.

7.38 The Working Group wecomed the carying out of synoptic surveys by Itay
(WG-EMM-96/63) and Austraia (VG-EMM-96/29), during which data on a comprehengve suite of
variables has been collected on dependent and harvested species and on the environment.  Only
preiminary andyses of results were available a this meeting, and the Working Group looked
forward to subsequent presentation of integrated anayses of these data.

7.39 Thework by the Subgroup on Statistics (Appendix H) and subsequently by the Secretariat
on andydss of CEMP indices (WG-EMM-96/4) has greetly improved the ability of the Working Group
to undertake quantitative, rather than quditative, andyses of these indices. New methods have been
developed for the identification of anomaies. The multivariate andyss in WG-EMM-96/27 gives an
indication of the types of analyses that can now be conducted.

7.40 In adition to the congderable amounts of new data and analyses tabled at the mesting, a
number of papers described new or improved models of processes underlying the linkages contained
in the gtrategic modd. These included modes investigating the effects of fisheries on krill predators
a the foraging trip leve (WG-EMM-96/20), modds of functiona relationships between predators and
prey (WG-EMM-96/67), modds of growth dynamics of krill (WG-EMM-96/68), krill predator energetics
models (WG-EMM-96/7, 96/66) and oceanographic circulation models (WG-EMM-96/61). While some
of these modds are in early stages of development, the Working Group was pleased that a wide
variety of modeling approaches are now being attempted.

7.41 Revisad indices of krill recruitment and biomass in the Elephant Idand area were presented
this year, dong with plausble linkages with an environmentaly driven variable (WG-EMM-96/45).
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Although the extent to which these indices are representative of trends in the surrounding regions is
as yet uncertain, the implications for the krill yield modd of the variability observed in theseindicesis
to be examined intersessiondly (paragraphs 6.20, 6.21 and 7.6 to 7.15).

7.42 At present, most effort by the Working Group is devoted to improving the understanding of
the processes and linkages between harvested species, dependent species, the environment and the
fishery. The Working Group is very conscious, however, that the ultimate aim is to develop effective
mechaniams for management of the ecosystem as envisaged in the cCAMLR Convention. It agreed
that thisam must continue to be the overdl focusfor its work.

Ecosystem Implications of Proposed New Fisheries

743 CCAMLR-XV/8 to 11 gave naotification of intent to initiate new fisheries by New Zedand,
Audrdia, Norway and South Africa respectively. In each case, the principal target species was
toothfish (Dissostichus eleginoides).

7.44 The Working Group agreed that a detailed review of these proposas, involving aspects of
angle-species fish stock assessment and of incidenta mortaity, would best be conducted by wG-
FSA. It agreed, however, that there were several more generd points raised by these proposals that
warranted discusson within WG-EMM.

7.45 Thefirg of these points was that there was virtudly no information available about the target
gpecies in the widdy separated areas proposed for the new fisheries. This highlighted the need to
adopt a sandard gpproach to the management of new fisheries and specification of the information
required. It would dso be hepful if a common format could be adopted both for proposals to
initiate new fisheries and for submission of the informeation collected.

7.46 The second point was that each case involved initiation of a fishery on a trans-boundary
stock that was able to move fredy back and forth across the ccamMLR Convention boundary.
Effective management of stocks that are pat of an ecosystem that extends beyond CCAMLR
boundaries requires close coordination between CCAMLR and other reevant organisations with
respongbilities for waters near or adjacent to the Convention boundaries. The Working Group
noted that thisissue has been addressed in part by CCAMLR Resolution 10/XI1.

7.47 Dr delaMare noted that CCAMLR ecosystem boundaries are defined with respect to surface
festures. This is not gopropriate for al species within the Antarctic ecosystem; a number of
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midwater and pelagic species, such as toothfish, myctophids and squid, have ranges extending
beyond that Convention Areg, as do flying birds such as abatrosses.

7.48 CCAMLR-XV/7 gave natification of the intention by the Republic of Korea and the United
Kingdom to initiate a new fishery for the squid Martialia hyades in Subarea 48.3. While some
aspects of the proposa would more gppropriately be dedt with by wG-FsA, the Working Group
agreed that it should discuss the wider ecosystem implications of harvesting this squid species.

7.49 Thisisthefirs proposd that has been received to initiate a fishery on this important group of
marine organisms in the Convention Area. Though widdy used outsde the Convention Area, the
fishing method proposed, jigging, is dso a new method for ccAMLR. As with the other four
proposals, the stock involved is atrans-boundary stock.

7.50 As noted briefly in ccAMLR-XV/7, digtary sudies a South Georgia have shown that
M. hyades is the mgor squid prey of a number of dependent species. Its main diet conssts of
myctophids and crustaceans, including krill, which means that it is dso an important predator in the
Antarctic ecosystem.

7.51 The Working Group agreed that, giventhe estimated annua consumption of M. hyades by
predators in the Scotia Sea (400 000 tonnes), the proposed level of exploratory fishing (2 500
tonnes) is unlikely to have an impact on dependent species.

7.52 The Working Group agreed that important new knowledge could be gained from this new
fishery given its important trophic links. It was important that further detals be provided about the
extent and format of data on catches of the target species, the by-catch and biologica samples that
would be collected. It was noted that a data form appropriate for squid fisheries has aready been
developed by the Scientific Committee. The Working Group recommended that an addendum to
the proposa, detailing aspects of observation and data collection, should be prepared and submitted
for consderation by WG-FSA a its next meeting.

7.53 Dr Miller suggested that precautionary catch limits for squid might be calculated in a manner
amilar to those developed by WG-Fsa for the myctophid E. carlsbergi.

7.54 Dr Kock observed that it may be necessary to expand the scope of CEMPand WG-EMM to
ded with fisheries for oecies such as myctophids and squid in view of their important role in the
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7.55 In rdation to any myctophid fishery that may recommence, the Working Group noted that
procedures for resumption of afishery were discussed in SC-CAMLR-XV/BG/11.

Future Work

7.56 The Working Group first reviewed the status of required work in relation to ecosystem
asessment, asidentified in section 8 of the report of the previous meeting of WG-EMM (SC-CAMLR-
X1V, Annex 4).

Completed Tasks

7.57 Thefollowing tasks have been completed:

()] Meeting of the Subgroup on Statitics. The Subgroup on Statistics had a very
productive intersessonal meeting and it produced a comprehensive report (Appendix
H and paragraphs 4.56 to 4.65). The resulting quantitative presentation of CEMP
indices WG-EMM-96/4) has been widdy referred to in discussons of the Working
Group at this meeting. New tasks for the Subgroup on Statistics are discussed in
paragraph 7.59.

(D) Meseting of the Subgroup on Monitoring Methods. This subgroup met immediately
before the current Working Group meeting. Itsreport is attached as Appendix | (see
aso paragraphs 4.12 to 4.55). A number of new standard methods were adopted

(paragraph 4.26).

(i)  Condderation of the report of the Audtraian survey of Divison 58.4.1. This survey
has been successfully conducted and initia reports were considered by the Working
Group WG-EMM-96/28 and 96/29; paragraphs 3.31 to 3.36). The Working Group
looks forward to submisson of further papers describing andyses of this
comprehendve dataset at future meetings.

(iv)  Reporting of experience with gagtric lavage and ssomach sample techniques. Use of

stomach lavage techniques is described in WG-EMM-Methods-96/6 and discussed in
Appendix |, paragraphs 27 to 29 (see dso paragraph 4.27).
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7.58

202

v)

()

(vii)

(viii)

(ix)

()

(x1)

(i)

Methods for andyds of petrd diet samples and for petrd lavage
Standard methodshave been agreed (WG-EMM-Methods-96/4, WG-EMM-96/53;
paragraphs 4.26 and 4.27).

Ingructions for the collection and preservation of samples to be taken in the event of
disease outbreak. This has been completed subject to revision and afind circulation
for comment (paragraphs 4.28 to 4.35).

Circulation for review of proposed changes to existing CEMP methods and proposals
for new ones. This has been done and both existing and new methods were
reviewed (paragraphs 4.13 to 4.26).

Acquigtion of comprehensve sST data by the Secretariat. This has been done
(WG-EMM-96/4; paragraphs 5.6 and 5.7). Information regarding the selection of data
0N SST isrequired.

cpPD caculations. These have been presented in WG-EMM-96/4.

Comparison of krill length frequency data from nets and predators, and examination
of time saries of krill length frequencies from predators for information on krill
recruitment.  This information is presented in WG-EMM-96/8 and 96/9 (see dso
paragraphs 7.19 to 7.22).

A correspondence subgroup should complete the andlyss of recruitment estimates.
The resulting paper is WG-EMM-96/45 (See also paragraphs 7.6 to 7.15).

A correspondence subgroup should consder Method AbL. Preliminary
discussons proposed minor dterations to Method A5 which have been adopted
(WG-EMM-Methods-96/11, WG-EMM- Stats-96/5; paragraph 4.18).

Tasks Still Requiring Further Work

Some progress has been made on the following tasks, but they have not yet been compl eted:

0]

An effective mechaniam for condderation of interactions between fish and ther
predators. The need to develop an effective mechanism was emphasised by the



(i)

(ii)

)

v)

()

(vii)

(viii)

points raised in the discusson of the ecosystem implications of proposds to initiate
new fisheries (see paragraphs 7.43 to 7.55).

Workshop on indices to monitor at-sea behaviour. The Working Group agreed that
it would not be appropriate to hold such a workshop in the near future
(paragraphs 4.41 to 4.44). Ingtead, it was agreed that the Subgroup on Statistics
should be asked to consider analyses of sample datasets and to provide advice on
the most appropriate indices and gppropriate methods to derive them. Thistask was
added to the terms of reference for the planned intersessond meeting of the

subgroup (paragraph 7.59).

Further work on defining a strategic gpproach to ecosystem assessment and further
development of methods appropriate for conducting an ecosystem assessment.
Some progress has been made (paragraphs 7.34 to 7.42), but more work needs to
be done.

Assessments should be developed from the current qualitative approach to a
quantitative analysis. Congderable progress has been made on CEMPindicesthrough
the work of the Subgroup on Statistics and the Secretariat (WG-EMM-96/4), but
further work is still needed.

A new quas-synoptic krill survey of Area 48 for krill. Plans for this were discussed
a this meeting (paragraphs 3.72 to 3.75). This is consdered to have high priority.
Specific dratified random sampling designs need further examination.

Coordination of research in the Antarctic Peninsula.  The ad hoc Subgroup on
Coordination of International Research Activities in the Antarctic Peninsula also met
during thiswG-EMM meeting and afurther meeting is planned (paragraph 2.13).

Further examination of uncertainty in acoudtic surveys of krill. Severd papers
addressing this issue were discussed a this meeting (VG-EMM-96/28, 96/40, 96/41,
96/46, 96/71) and the immediate problems identified at the last meeting were resolved
(paragraphs 3.6 to 3.10). It was agreed, however, that this topic should be kept
open. Some aspects will be addressed at the Workshop on Acoustic Methods to be
held immediatdly following thewG-EMM mesting.

The use of multifrequency acousdtic techniques in surveying. This was discussed by
an ad hoc Subgroup on Echo Classfication (paragraph 3.11 and Appendix E).
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()

(x)

(xi)

(i)

(xiii)

(xiv)

Further work is needed before the issue of echo dassfication isfully resolved. Use
of multifrequency acoustic techniques aso needs further development.

Standard methods for Antarctic fur sed demography and diet studies should be
prepared. Peapers containing descriptions of appropriate methods have been
published (Boyd et a., 1995; Reid, 1995; Reid and Arnould, 1995), but CEMP
standard methods have not yet been developed. Some further intersessiona work is
needed. Further standard methods for fulmarine petrels have aso been requested

(paragraph 4.54).

More extensve studies on the occurrence of fish in krill catches. WG-EMM-96/52
provided further information on by-caiches in the Japanese krill fishery. It was
agreed that additional studies covering the entire span of a fishing season are needed
(paragraphs 6.1 to 6.3).

A table of exising spatio-tempora scaes should be circulated for revison. It was
origindly intended that this would be discussed by the Subgroup on Statistics. Some
progress was made at this meeting in defining relevant spatid and tempord scaes
(paragraph 3.66 and Table 2). Additiona work is required on the redised overlap
index has aso been identified (paragraph 6.65).

All appropriate data on CEMP indicator species currently held by Members and
which have not yet been submitted, including historical datasets, should be compiled
and submitted in CCAMLR formats. Thisis a continuing request.

A hbibliography of publications on diets, energy budgets and foraging ranges of
dependent species should be maintained by CCAMLR. The Secretariat maintains a
full bibliography of papers tabled before ccAMLR. Additiond literature is available
as part of CEMP. It is beyond the resources of the Secretariat to actively seek out
additiona literature on this topic, however, it was agreed that, if sent by Members,
modest amounts of key literature could be held and catalogued by the Secretariat.
This could include literature not directly on Southern Ocean species if gppropriate.
The Working Group noted that WG-EMM-96/19 contained a particularly vauable and
comprehensive bibliography on thistopic.

The acquidtion of comprehensve bathymetric data should be pursued by
the Secretariat. This remains to be done. Adjustments and improvements to



(xv)

(xvi)

(xvi)

(xviii)

(xix)

the definition of aess from which SST indices are derived are dso needed
(paragraph 5.10).

Find cdculations of the krill/dependent species mode for black-browed albatrosses
and Antarctic fur seds should be completed and presented, together with initid
requests for a revised verson of the Addie penguin modd. WG-EMM-96/67
contained calculations for Antarctic fur seds and black-browed albatrosses.
Additiona information is needed before cdculations can be completed for
black-browed albatrosses and Adélie penguins (see paragraphs 6.58 and 6.59 and

Appendix F).

The rdationship between overdl krill abundance and actud krill avalability to
predators within a CPD requires invedigation. This is a continuing topic for study,
though WG-EMM-96/49 and 96/55 addressed this issue (paragraphs 6.43 and 6.44).

Further work on the submodels within the conceptua framework of Figures 3 and 4
iN SC-CAMLR-X1V, Annex 4 is encouraged. Useful progress has been made on the
specification of submodds. WGEMM-96/20, 96/61, 96/67 and 96/68 each contain
rdlevant models. There is an encouraging degree of potentid or actud
interrelationship between some of the models (e.g. the functiond relationship models
of WG-EMM-96/20 and 96/67). Further work on the krill yidd modd is outlined and
discussed in paragraphs 7.14 to 7.23.

A correspondence subgroup should consider the devel opment of appropriate seerice
indices and the formulation of specific hypotheses on the potentid effects of searice
on components of the ecosystem. A start has been made on this, but more needs to
be done (paragraphs 5.14 to 5.22).

A subgroup will cary out further work on the incorporation of information on
predator demand in the caculation of precautionary catch limits and ther dlocation
to subareas. The work on the energy budget caculations has been completed
(WG-EMM-96/56) but further estimates of krill flux are needed to complete the
precautionary catch limit calculations (paragraphs 7.25 to 7.30).
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Additiond Work Arising from Discussions at this Meeting

7.59 The need for the following tasks relating to ecosystem assessment to be completed arose
from discussons at this mesting:

()] Further intersessiond meseting of the Subgroup on Statistics. There is a need for an
intersessona meeting of the Subgroup on Statitics to address the following topics:

(@  deveopment of indices of at-sea behaviour and methods of deriving them via
analysis of sample datasets (paragraph 4.44);

(b)  further review of identification of anomdiesin CEMPindices (paragraph 4.60);

(c)  methods for coping with missing vaues in multiple datasets (paragraph 4.63);
and

(d) critica evduation of the assumptions and parameter vaues of the Agnew and
Phegan (1995) mode of realised overlap (paragraph 6.81).

ADVICE TO THE SCIENTIFIC COMMITTEE

Management Advice

81 The Working Group recommended that the precautionary catch limit for krill in
Divison58.4.1 should be set at 775 000 tonnes (paragraphs 7.24 and 7.31).

8.2 Asrdevant work is Hill in progress, the Working Group was unable to provide revised
estimates of the precautionary limit for krill in Area 48 and could not offer further advice on the
alocation of precautionary catch limits to subareas (paragraph 7.32).

8.3  Given the number of new fisheries developing in various parts of the Convention Areg, the
Working Group highlighted the need for a coordinated approach to managing these fisheries. The
development of such an gpproach is seen as critical for pecies being harvested and species being
monitored under CEMP which cross the Convention’ s boundaries (paragraphs 7.45 and 7.46).



Generd Advice with Budgetary/Organisationd Implications
Cooperation with Other Groups

84 () Mantenanceof closelinkswith APIS (paragraphs 4.46 to 4.52 and 4.54).

()  Aninternationa krill symposum will be held in 1998 or 1999 (paragraphs 9.1 to 9.4).

Publications

85 () Theupdated ientific Observers Manual dong with logbooks for krill and finfish
fisheries should be published in 1997 as a matter of urgency (paragraph 2.12).

()  The cemp Standard Methods should be revised and distributed as soon as possible
(paragraphs 4.15, 4.16, 4.18, 4.19, 4.21, 4.24, 4.26, 4.28, 4.32 and 4.33).
Mestings

86 () The workshop on indices to monitor at-sea behaviour will not now be hed
(paragraph 4.43).

(i)  The Subgroup on Statistics should meet in 1997. The Convener is to be announced
(see paragraph 7.57).

(i) A workshop on linkeges between monitoring Stes within Area 48 and the
interrel ationships between Subareas in Area 48 is planned for the 1997 intersessona
period (loca organiser, Dr Holt) (paragraph 6.94).
Future Work for WGEMM

Development of an Ecosystem A ssessment

8.7  Approaches to improve on current ecosystem assessments and to develop new initiatives
should be encouraged. The details of relevant work are contained in paragraphs 7.34 to 7.42.
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8.8

8.9

8.10

Surveys

0]

(i)

The carrying out of a quas-synoptic krill survey of Subareas 48.1, 48.2 and 48.3 is
recommended as a matter of priority. Detalled plans for this survey should be
prepared for the next meeting of WGEMM (paragraphs 3.72 to 3.75).

Given the difficulties experienced in surveying large datistical subareas and divisons,
further consderation should be given to subdividing such areas to make them more
manageable (paragraph 3.41).

Data Collection/Anayss Methods

0]

(i)

(ii)

The continued collection/andyss of time budget data from the krill fishery is
encouraged (paragraph 2.11).

Because of their utility, the submisson of haul-by-haul data from the krill fishery should
continue to be encouraged (paragraphs 3.28 and 3.29).

Studies on the occurrence of fish in krill catches should continue in accordance with
the recommended methods (paragraph 6.1).

Data Submisson/Acquistion/Access

0]

(i)

The adaptations to and expansons of the standard methods should be included in
therevised verson of the CEMP Sandard Methods (see ‘Publications above)
(paragraphs 4.24 t0 4.26 and 4.28 t0 4.32).

The Secretariat should request relevant CPD index data during the next year
(paragraph 6.81).

Moddling/Andyss

8.11 Although there is inaufficent interest to judtify holding the a-sea behaviour workshop (see
above), the need to develop andyticd methods for at-sea behaviour is re-affirmed dong with the
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requirement to ensure that data are reduced into a format compatible with the CEMP database
(paragraph 4.43). The Subgroup on Statistics should place the issue on the agenda of its next

meeting (paragraph 4.44).

Correspondence Groups

812 () The Secretariat should contact the Polish authorities in order to ascertain that nation’s
plans for future krill fishing (paragreph 2.6).

()  Thegroup led by Dr Kim should continue to coordinate research activitiesin Area48
by intersessonal correspondence and meetings whenever possible (paragraph 2.13).

(i)  An email correspondence group should be set up to improve the dissemination of
literature on the phydcd aspects of the Antactic maine environment

(paragraph 5.37).

(iv)  The Subgroup on Statistics should correspond towards the development of a proposa
for its meeting in 1997.

OTHER BUSINESS

9.1  The Scientific Committee has proposed to set asde a sum of A$7 000 in its 1997 forecast
budget in support of the proposed Internationd Symposium on Euphausid Biology and Ecology
discussed by WGEMM &t its 1995 meeting (SC-CAMLR-XIV, Annex 4, paragraphs 9.1 to 9.5).

9.2  Subsequent developments and discussions during WG-EMM’s 1996 meeting explored further
the format and timing of such a symposum.

9.3 Itisnow proposed that the symposium should comprise a series of working sessons amed
a promoting didogue and information exchange between scientists working in the field of euphaugid
biology and ecology.

9.4 It is therefore proposed that a new proposd for the symposum will be prepared by
Dr Mangedl who has offered to hogt the symposium in 1998 or 1999. This proposad will be
presented to the 1997 meeting of the Scientific Committee. It is anticipated therefore that
SC-CAMLR’s budgetary commitment isonly likely to fal duein the 1998 or 1999 budget.
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ADOPTION OF THE REPORT

10.1 Thereport of the second meeting of WG-EMM was adopted.

CLOSE OF THE MEETING

11.1 In dosng the medting, the Convener, Dr Everson, expressed the sincere thanks of the
Working Group to Dr @ritdand and his colleagues in Bergen for the substantial amount of work they
had done to ensure that the meeting ran smoothly. He dso thanked the rapporteurs and the
Secretariat for their work.

11.2 The Working Group expressed its thanks to the Convener for conducting the meeting in an
efficient and productive fashion.

11.3 Dr Kock thanked Dr Agnew for his work with the Secretariat during his term as CCAMLR
Data Manager and the Secretariat staff presented him with a Norwegian drinking horn on behdf of
his friends in the Scientific Committee.
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Table 1 Results of krill biomass surveys.

Statistical Areaand Conducted By Area Surveyed X Density Biomass CV (%) Reference

Y ear of Survey (krr?) gm? (millions of tonnes)
48.2 (1996) Russia 68 562 383 26 9.6 WGEMM-96/36
48.1 (1996) USA 41673 76.26 3.37 1 WGEMM-9/23
(two surveys) “ 69.37 292 23 “
48.3 (1992 UK 36 267 94.96 (day) 34 WG-EMM-96/42
48.3(1992) UK 36 267 22.71 (night) 34 “
48.3 (1996) UK 8000 4057 1337 WG-EMM-96/18
(two survey boxes) 8000 26.48 54.30
58.4.1 (1996) Australia 873000 7.65 6.67 27 WG-EMM-9/28
838.1(1994) Italy 170814 13248 514 - WG-EMM-9/63
(two surveys) 156 408 75.6 3.37 - “

Note that these figures are not comparable between surveys because the methods used to allocate echos to krill and other targets were not consistent. Appendix
E givesafull explanation of these problems.

Table 2: Estimates of average temporal and spatial scales at which information relevant to indices of local prey distributions is collected for predator species.
Varigble Scale: Temporal/Spatia (Horizontal)

Gentoo Penguin Adélie Penguin* Macaroni Penguin Antarctic Fur Seal Black-browed Albatross
Dive 1-3min/<0.1 km 1-3min/< 0.1 km 1-3min/< 0.1 km 1-3min/< 0.1 km <0.1 min/< 0.001 km
Dive bout 1-5hr/1-5km ?? 1-3 hr/1-10km 0.1-5hr/0.1-10 km 0.5 hr/0.1-10km
Foraging trip 0.3 days/1-10km 1-3 days/100-200 km 1-2 days/10-50km 4-6 days/50-200 km 2-3 days/50-300 km
Incubation shift 1 day/10 km 5-18 days/100-300 km 15-30 days/100 km - 10-20 days/100-500 km
Hatching success (diet) 80 days/10 km 55 days/100-120 km 50 days/10-50 km - 120 days/50-300 km
Breeding success 120 days/10 km 90 days/120-300 km 90 days/100 km 120 days/50-200 km 190 days/100-500 km

*  There may be substantial differences between birds at breeding sites on Antarctic Peninsula and eastern Antarctica. Values given here are mainly from the

|atter area.




Table 3: Levels of overlap between fisheries and dependent species.

Index Description Sensitive to

1 Catch of krill in the CPD Tonnage of krill taken within 100 km of predator colonies from December to March. Catch size and distribution

2 Percentage of krill catch takenin CPD Percentage of the total catch in a subareataken within 100 km of predator coloniesfrom Catch distribution
December to March.

3 Realised overlap Product of the expected consumption of krill by penguinsin afine-scale square and the Catch size and distribution
(Agnew and Phegan) catch in that square.

4 Realised potential overlap Realised overlap divided by the maximum possible realised overlap, calculated by Catch distribution
(Modified Agnew and Phegan) assuming the areas of maximum catch coincide with the areas of maximum krill

consumption by penguins.

Table 4: Categorised standardised normal deviate of anindex.

The standardised normal deviate of an index is calculated as the deviation from the mean over all years, expressed in units of standard deviation. Where the
distribution of the index over al yearsis known not to approximate a normal distribution, it is transformed according to the table below, and the normal deviates
of the transformed index are presented here.

The size of the deviate is represented by the following symbols:

deviate> 15
1.5>=deviate> 0.5
0.5>=deviate>-05
-0.5>=deviate>-15
-1.5>=deviate

' o + *

If the deviate is identified as ‘anomalous’ using the methodology described in the Subgroup on Statistics report (Appendix H), it is represented by ** or ==
depending on whether it isin the upper 2.5% or lower 2.5% of the time series distribution of indices.

Note: datafrom each time series of less than three years are not shown sinceit is not possible to calculate valid anomalies, e.g. South African data.

According to discussions and hypotheses presented in this report, not all indices may be expected to behave in the same way in response to similar changesin
conditions. For instance, when krill is more abundant, one would expect sea-ice extent to be greater, breeding success to be greater, foraging duration to be
lower, and SST to be lower. Thistable presents the indices simply asthey are recorded in the CCAMLR databases, which means that even when all the indices
are responding to the same phenomenon, one may expect a mixture of positive and negative responses in the table. It is not appropriate to modify the



Table 4 (continued)

indices themselves, because their interpretation is based on hypotheses put forward in this report, which may change. However, it is appropriate to indicate
how the Working Group expects the standard normal deviates to behave in response to similar phenomena. The table below specifies whether the standardised
normal deviate is EXPECTED to be positive (+, * or **) or negative (-, = or ==) in ‘good’ years, where ‘good’ is understood to mean years of high krill
abundance (see previous sections of the report for hypotheses on the relationships between parameters, especially for the expected responses of sea-ice and

foraging duration).

Index Name

Transformation

Response

Alarrival weight (g)
A2 first incubation shift (days)

A2 second incubation shift (days)

A3 number of pairs

A5 foraging during brood (hr)

A5 foraging during creche (hr)

A6a % breeding success A (potential chicks)
A6c % breeding success C (potential chicks)
A7 fledging weight ()

A8 mean ration weight (g)

A8 proportion fishin diet

A8 proportion stomachs containing krill
Blaalbatross population, n. nests (colony H)
B1b albatross % breeding success (colony H)
C1 cow foraging (hr)

C2 pup growth (kg/month)

F2a September ice % cover

F2b proportion of the year free of ice

F2c weeks sea-ice within 100km

F5 summer sea-surface temperature

H1a Japanese CPUE (tonnes/hr)

H1b Japanese CPUE (tonnes/day)

H2 krill catch in CPD (tonnes)

H3a standardised realised overlap

H3b realised potential overlap

No transformation
Ln transform

Ln transform

Deltaln; difference between logs of adjacent years
Ln transform

Ln transform

Log Odds transform [In(p/(1-p))]
Log Odds transform [In(p/(1-p))]
No transformation

No transformation

Log Odds transform [In(p/(1-p))]
Log Odds transform [In(p/(1-p))]
Deltaln; difference between logs of adjacent years
L og Odds transform [In(p/(1-p))]
Ln transform

Ln transform

Log Odds transform [In(p/(1-p))]
Log Odds transform [In(p/(1-p))]
No transformation

No transformation

Ln transform

No transformation

No transformation

Log Odds transform [In(p/(1-p))]
Log Odds transform [In(p/(1-p))]

+ (heavier birds = more food)
- (longer shift = less food)

- (longer shift = less food)

+ (more birds = more food)

- (longer foraging = less food)

- (longer foraging = less food)
+ (greater success = more food)
+ (greater success = more food)
+ (heavier chicks = more food)
+ (heavier stomachs = more food)
- (morefish = lesskrill)

+ (morekrill = morekrill)

+ (more birds = more food)

+ (greater success = more food)
- (longer foraging = less food)
+ (faster growth = more food)

+ (greater sea-ice = moreKkrill)

- (greater proportion = lesskrill)
- (increasing weeks = less krill)

- (higher temperature = less sea-ice = less krill)
+ (higher CPUE = morekrill)

+ (higher CPUE = morekrill)

+ (higher catch = moreKkrill)
unknown

unknown




Table 4 (continued)

ASD | Site [ Species Index Name 81
Code | Code | Code
A 1 481 — — F2a September ice % cover el +|lo olo
A 2 481 _ _ Hla Japanese CPUE (tonnes/hr) + o|o of + o]
A 3 481 _ _ H1b Japanese CPUE (tonnes/day) - = o|+|ofo]| *
A 4 481 _ _ H2 krill catch in CPD (tonnes) o] +[*l o]l o]+
A 5 481 _ _ H3a standardised realised overlap * o] o|*™|[oflo|o
A 6 481 _ _ H3b realised potential overlap + of + o[fo]o]|o =
B 1 481 | AP _ F2b proportion of the year free of ice - oloflo]o of*| + ofo
B 2 481 | AP _ F2c weeks sea-ice within 100km = o +| +]| + of +]| * +]o
B 3 481 AP _ F5 summer sea-surface temperature o| +| +| + +|l 0| + (o]
B 4 481 | CSS _ F5 summer sea-surface temperature o|+| o0 +| o]+ o|o
B 5 481 EIS _ F5 summer sea-surface temperature o|l+]o0 o + ofo
B 6 481 | ESP _ F5 summer sea-surface temperature + [+ o] +
C 1 481 | SES _ F2b proportion of the year free of ice - *I +] 0 + o|o
C 2 481 | SES _ F2c weeks sea-ice within 100km - +[+] o0 o] + +|o
C 3 481 | SES _ F5 summer sea-surface temperature o|+| o0 0 + o|o
C 4 481 | SPS _ F2b proportion of the year free of ice - *I +] 0 o] + [ **
C 5 481 | SPS _ F2c weeks sea-ice within 100km - +| +| o 0 + +|o
C 6 481 | SPS _ _ | F5 summer sea-surface temperature +] ¥+ + -
D 1 481 | AP PYD U [A3 number of pairs =|of+
D 2 481 | AP PYD U [AS5 foraging during brood (hr) o
D 3 481 | AP PYD U [AS5 foraging during creche (hr) +{ofo
D 4 481 | AP PYD U | A6c % breeding success C (potential of+|o
D 5 481 | AP PYD U [A7 fledging weight (g) +| +
D 6 481 | AP PYD U [A8 mean ration weight (g) +|o +
D 7 481 | AP PYD U [ A8 proportion fish in diet o + (o]
D 8 481 | AP PYD U [ A8 proportion stomachs containing krill 0 0
G 1 481 | ESP PYD U [A1l arrival weight (g) =-
G 2 481 | ESP PYD U | A2 first incubation shift (days) +
G 3 481 | ESP PYD U | A2 second incubation shift (days) +
G 4 481 | ESP PYD U | A6a % breeding success A (potential o]
G 5 481 | ESP PYD U | A3 number of pairs =
H 1 481 | SES EUC U | A6c % breeding success C (potential o]
H 2 481 | SES PYN U [AS5 foraging during brood (hr) +




Table 4 (continued)

Group | Series | ASD | Site | Species | Sex Index Name 58| 73| 74| 76| 77| 78[79(80 (81|82 (83[ 84| 85( 86| 87| 88| 89| 90| 91| 92| 93|94 95|96
Code | Code | Code

H 3 481 | SES PYN U | A5 foraging during creche (hr) + olo|-]o0
H 4 481 | SES PYN U | A6c % breeding success C (potential +[+-]-]0o]of-
H 5 481 | SES PYN U [A7 fledging weight (g) *1+| -[=o]| o] - o]
H 6 481 | SES PYN U | A8 mean ration weight (g) -l of*] - o]
H 7 481 | SES PYN U [ A8 proportion fish in diet -|o = +
H 8 481 | SES PYN U [ A8 proportion stomachs containing krill of== o} o}
| 1 481 | SES SEA F | C2 pup growth (kg/month) - *™[-]1+]-]o]ofo
| 2 481 | SES SEA M | C2 pup growth (kg/month) +[+|=|+]| -|ofo0
| 3 481 | SES SEA U |C1 cow foraging (hr) - -l *lof+]|o]-
| 4 481 | CSS SEA M | C2 pup growth (kg/month) -|o
| 5 481 | CSS SEA F | C2 pup growth (kg/month) +
J 1 482 _ _ _ | F2a September ice % cover o|*|[o|lo|lo|-]|-]ofl*|+]-]o]oflo|o]|oO
J 2 482 _ _ _|Hla Japanese CPUE (tonnes/hr) - -+ - *|o -lo|l+]o0
J 3 482 _ _ _ | H1b Japanese CPUE (tonnes/day) =|-|o0 of+|[o| + of=[o]|+
J 4 482 _ _ _ | H2 krill catch in CPD (tonnes) of+|-]o|* - - -
J 5 482 | LAO _ _ | F5 summer sea-surface temperature *lolo|+]o|-|[+]-|+]o|-]+|]0o|oO|=
J 6 482 | SIO _ _ | F2b proportion of the year free of ice -|-lo]l-]lo]loflof-]-]o] +]|- +[*]o
J 7 482 | SIO _ _ | F2c weeks sea-ice within 100km -=lololo| +|+|[-|-|-]*|-|-]*|o]o
J 8 482 SIO _ _ | F5 summer sea-surface temperature *lolof|+]o| -[+]-]+]|of - o|o|==
K 1 482 | SIO PYD U | A3 number of pairs =|-[+]lo|lo]|-|+
K 2 482 | SIO PYD U | A6a % breeding success A (potential olofo|*]-]o
K 3 482 | SIO PYN U [A3 number of pairs =[-]+]of[+]-]0
K 4 482 | SIO PYN U | A6a % breeding success A (potential =(+|+|+|-|ofo0
K 5 482 | SIO PYP U [A3 number of pairs =[=| +|ofo]o|oO
K 6 482 | SIO PYP U | A6a % breeding success A (potential -|+|+[o|l-]o]o0
K 7 482 | LAO PYD U [A1 arrival weight (g) - +
L 1 483 _ _ _ | F2a September ice % cover - (™o -] -]ofl-[o]* -l -|+|[o|+]oO
L 2 483 _ _ _|Hla Japanese CPUE (tonnes/hr) of-fo]|*]-
L 3 483 _ _ _|H1b Japanese CPUE (tonnes/day) of-lo|*™]o
L 4 483 _ _ _ | H2 krill catch in CPD (tonnes) - *| o] -
L 5 483 BIG _ _ | F5 summer sea-surface temperature ** 10 olo|-|-]o|l+]|of - o|o|==
M 1 483 | BIG DM U |Bla albatross population, n. nests (colony =| o ofo o|o o|o =[*lo]o oo |==[*
M 2 483 | BIG DM U |Blb albatross % breeding success (colony +| + + (== + + -lof +]|= + =| +




Table 4 (continued)

Group | Series | ASD | Site | Species | Sex Index Name 58| 73| 74| 76| 77| 78|79|80(81]82|83(84(85|86|87(88|89]|90|91(92| 93|94
Code | Code | Code

N 1 483 BIG EUC F |A1 arrival weight (9) +{+|+]-]0]0 -
N 2 483 BIG EUC M | Al arrival weight (g) +({of==+]0]o0 o]
N 3 483 BIG EUC U | A3 number of pairs = =(*=|-]lo|Jo|+|o[+|]0]o]|]-|-[+]-]0o]ofofo0O o]
N 4 483 BIG EUC U | A6a % breeding success A (potential o|l-{o|l+|o]Jo|o|=[o|o]| -] -|+|+|+|0]+]O o]
N 5 483 BIG EUC U | A7 fledging weight (g) +{of-|+]|0]- 0
N 6 483 BIG EUC U [A8 mean ration weight (g) of -|*™| +|o
N 7 483 BIG EUC U [ A8 proportion fish in diet Bl I I T
N 8 483 BIG EUC U [ A8 proportion stomachs containing krill +| -[+[o] - +
(0] 1 483 BIG PYP U | A3 number of pairs = =[o|==|* =|of-|o|+| 0] o0 o|l=[+|o]oO o]
(0] 2 483 BIG PYP U | A6a % breeding success A (potential +[=|o|+ -|loloflo|lo]o]|o of==[+|*|-|+]|+
(6] 3 483 BIG PYP U [A7 fledging weight (g) +| -[+[o] - o]
(0] 4 483 BIG PYP U | A8 mean ration weight (g) o -[+]o|=|+]|+
(0] 5 483 BIG PYP U | A8 proportion fish in diet o|+|o|=|+]0o]|+
(0] 6 483 BIG PYP U | A8 proportion stomachs containing krill ol -|[+|+]-1]o0
P 1 483 BIG SEA F | C2 pup growth (kg/month) -]t o]
P 2 483 BIG SEA M | C2 pup growth (kg/month) -+ -+ -+ O
P 3 483 BIG SEA U | C1 cow foraging (hr) -+ -[o|*™]o0
P 4 5841 _ _ _ |Hla Japanese CPUE (tonnes/hr) - - o| +|o - + [+
P 5 5841 _ _ _|H1b Japanese CPUE (tonnes/day) =| o 0 + **10
Q 1 5842 [ SYO PYD U | A3 number of pairs =|+|-[+]-|+]o| *[=+]-]0]o0
Q 2 881 EDP _ _ | F5 summer sea-surface temperature - *|*[+|+|] o] -] +[of-]0]O
Q 3 881 ROS PYD U | A3 number of pairs =[+[-|o]| +
Q 4 pbis _ _ _ | F2a September ice % cover =+ + +{of+|o]lo]o| *|[of|-]|-]-
R 1 5842 _ _ _|Hla Japanese CPUE (tonnes/hr) = o]
R 2 5842 _ _ _|H1b Japanese CPUE (tonnes/day) =|o| +]|o0 o]
R 3 5842 _ _ _ | H2 krill catch in CPD (tonnes) - +[+[+]o]|-]|-]|- o]
R 4 5842 | BEE _ _ | F2c weeks sea-ice within 100km o|+|o|lo|lo|+]|+|+|[o|[=|0]o0o]of-]|+
R 5 5842 | BEE _ _ | F5 summer sea-surface temperature +|+|+-|o] - -f-]-]+]++
R 6 5842 | MAD _ _ | F5 summer sea-surface temperature * 1+ +]o0 ol -|-|-]-]o]of+
R 7 5842 | SYO _ _ | F5 summer sea-surface temperature o|+|[of * +|+|-|[-]-]+]ofo0
S 1 5842 | BEE PYD F |Al arrival weight (@) - -0+
S 2 5842 | BEE PYD M | Al arrival weight (g) -lof+
S 3 5842 | BEE PYD U [A1 arrival weight (g) +| o0




Table 4 (continued)

Group | Series | ASD | Site | Species | Sex Index Name 58| 73| 74| 76| 77| 78]79|80(81|82(83|84|85(86|87|88|89|90(91|92|93(94|95(96
Code | Code | Code

S 4 5842 | BEE PYLC U | A2 first incubation shift (days) olo|-|=]+]o0
S 5 5842 | BEE PYD U | A2 second incubation shift (days) +| + =[(+]o
S 6 5842 | BEE PYD U [A3 number of pairs =[-[+]|+]o0
T 1 5842 | BEE PYD U | A6a % breeding success A (potential of+|[=|=]|+
T 2 5842 | BEE PYD U | A6c % breeding success C (potential o|lof+|=]o0
T 3 5842 | BEE PYD U [A7 fledging weight (g) ofof+|=|+
T 4 5842 | BEE PYD U [A8 mean ration weight (g) -lolo|+|-
T 5 5842 | BEE PYD U [ A8 proportion fish in diet +{ofof-
T 6 5842 | BEE PYD U [ A8 proportion stomachs containing krill -lo]+]o




Table5: Local-scale strategic model.

Linkage or Process

New Information Available

Fishery-harvested species

Changesin timing and distribution of Japanese fishery in Subarea 48.1 (W G-EMM-96/64).

Harvested-dependent species

Chinstrap penguin foraging and prey distribution, Seal 1sland (WG-EMM-96/49, 96/55; paragraphs 6.43 and 6.44).
Predator foraging ranges (paragraph 6.42).

Predator energy budgets, South Georgia (WG-EMM-96/7, 96/66; paragraphs 6.45 and 6.46).

Predator foraging model (WG-EMM-96/20; paragraphs 6.47 to 6.54).

Standardised CEMPindices (WGEMM-96/4).

Environment-dependent species

Effect of sea-ice on penguins (WG-EMM-96/10, 96/27, 96/58; paragraphs 6.31 t0 6.34).
Oceanographic models (WG-EMM-96/61).
Standardised CEMPindices (WGEMM-96/4).

Environment-harvested species

Krill recruitment, biomass and environmental indices, Subarea48.1 (WG-EMM-96/21 to 96/23, 96/27) and Subarea 48.3
(WGEMM-96/18) (see aso paragraphs 6.5 to 6.22).
Standardised CEMPindices (WGEMM-96/4).

Table6: Regional-scal e strategic model.

Linkage or Process

New Information Available

Fishery-harvested species

Fine-scale krill catch and effort data (WG-EMM-96/25; paragraphs 2.2 to 2.9).
Distribution of krill catchesin Area 48 (WGEMM-96/64; paragraph 6.25)

Harvested-dependent species

Predator energy budgets (WG-EMM-96/7, 96/10, 96/66; paragraphs 6.40 and 6.41).
Models of functional relationships (WG-EMM-96/67; paragraphs 6.56 to 6.60)
Standardised CEMPindices (WGEMM-96/4).

Environment-dependent species

Effect of sea-ice on penguins (WG-EMM-96/10, 96/58; paragraphs 6.31 to 6.34).
Oceanographic models (WGEMM-96/61).
Standardised CEMPindices (WGEMM-96/4).

Krill flux in Subarea 48.2 (WG-EMM-96/37).

Environment-harvested species

Krill recruitment, biomass and environmental data, Subarea 58.4 (WGEMM-96/28, 96/29), Ross Sea (W G-EMM-96/63).
Standardised CEMPindices (WG-EMM-96/4).
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Figure 1:

krill

predator

wavelength (km)

Hypothetical illustration of the congruence of top-down and bottomup approaches. In thisexample
the spectrum of the krill pattern has three peaks, showing three levels of spatial organisation of krill.
The spectrum of predator behaviour has a single peak that overlaps with one of the krill peaks,
indicating that thisisthe relevant local index.
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Figure2:  Map showing a possible synoptic survey in Subareas 48.1, 48.2 and 48.3 using three months of ship time. Trackline lengths and placement are
illustrative only and do not represent any statistical scheme. Dotted lines in Subarea 48.1 delineate the USLTER and AMLR study regions. Filled
sguares represent mean ice position in January. Large boxes around islands represent areas of historically high krill density and are the basis for

survey stratification.
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(Bergen, Norway, 12 to 22 August 1996)

Introduction
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(D) Organisation of the Meeting and Adoption of the Agenda

Data

@i Fisheries
(@ Catches, Status and Trends
(b) Harvedting drategies
(0 Observer Scheme
(d) Other Information

(D) Surveys on Harvested Species

@)  Dependent Species

(iv)  Environment

v) Biology and Ecology of Harvested and Dependent Species of Particular Relevance
to Fisheries Management and CEMP

Harvested Species
()] Methods for Estimating Distribution, Standing Stock, Recruitment and Production of
Harvested Species
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()] Methods for Monitoring Environmenta Variables of Direct Importance in Ecosystem
Assesament
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APPENDIX D

DETAILSTHAT SHOULD BE INCLUDED IN REPORTS OF
ACOUSTIC SURVEYSOF KRILL BIOMASSAND/OR DISTRIBUTION

Recommended details to be added to reports of acoustic surveys of krill biomass and/or
digribution. These detalls are additiond to those givenin SC-CAMLR-XI, Annex 4, Appendix H,
points2 and 3.

Description of echosounder and associated systems:

Echosounder
make
modd
software verson

Datalogging
software description
datatypeslogged (e.g. ping or integration interva)

Data processing
software description
noise remova techniques
background noise thresholding methods

Cdlibration description:

Genegrd
date
location

Methods
technique (e.g. sphere)
sphere type
ship mooring type (eg. 1, 2, 4 anchors etc.)



Environmenta conditions

water temperature

inity

sound velocity

bottom depth

sphere depth

quditative descriptions of seagtate, swell, wind, currents etc.
(* profiles of these as afunction of depth would be ided)

Transducer description for each channd logged
frequency
manufacture
model
type (sngle, dud- or Solit-beam)
mounting method (flush or sea chest; window materid €tc.)
location (hull, kedl, pole or towed body)
orientation (downward, upward looking €tc.)
depth (or depth range of towed body)

Transcelver settings
power
bandwidth
pulse length
absorption coefficient
time varied gan (TVG)
noise regjection leve
noise margin
S, threshold



Cdlibration reaults

eg.
peak S, transducer gain
two-way beam angle
beam width
dong ship
athwart ship
narrow
wide

or

source level
recaiver sengtivity
narrow beam factor

or

source leve

beam width
echosounder constant

(Note: the parameters required from a cdibration vary from one echosounder type to
another and dso for different transducer types. We have liged here only indicative
parameters determined in calibrations.)

Survey operating and processing conditions:

nomina ship speed

integration interval type (distance, time etc.)
integration interva vaue (in n miles, seconds etc.)

integration depth layers
pulse repetition rate



APPENDIX E

REPORT OF THE SUBGROUP ON ECHO CLASSFICATION

A total of seven papers (WG-EMM-96/18, 96/23, 96/28, 96/36, 96/42, 96/49 and 96/63) discussed
the use of acoustic methods to estimate krill biomass. The Working Group noted that there was
congderable variaion in the amount of detail given in the description of methods used to classfy the
acoudtic Sgnd. As areault, a subgroup comprising Drs J. Watkins (UK), D. Demer (Usa), T. Pauly
(Augrdia), M. Naganobu (Japan), M. Azzdi (Italy), V. Sushin (Russa), R. Hewitt (usa), K. Foote
(Norway) and D. Miller (South Africa) was formed to:

()  describe the different echo classfication techniques,
(i)  assess how comparable the results were; and
(i) recommend common criteriato be used for comparative purposes.

2. Detailed information was obtained from the authors of dl the above-mentioned papers during
the mesting.

3. In WG-EMM-96/23 and 96/28 signds thought to be non-biologicd, including background noise,
were removed. The remaining acoustic backscatter was consdered to be due to krill. If other
scatterers are dso present in the water column, then such atechnique is likely to overestimate krill
dengty.

4, In WG-EMM-96/18, 96/42 and 96/63 the biologicd dgnd remaning after noise remova was
classfied on the bass of a dB difference (dB difference = 120 kHz § - 38 kHz §). The

effectiveness of such aclassfication isyet to be consstently determined.

5. WG-EMM-96/18 classified the acoustic backscatter into three classes. nekton (dB difference
<2dB), krill (2dB < dB difference < 12 dB) macrozooplankton (dB difference > 12 dB).

6. WG-EMM-96/42 classfied acoustic backscatter into two classes: nekton (dB difference <2
dB), krill and zooplankton (dB difference > 2 dB).

7. WG-EMM-96/63 classfied acoustic backscatter first into two classes: fish (dB difference < 0

dB) and krill plus zooplankton (dB difference > 0 dB). The krill was then separated from the
zooplankton on the basis of Ts of individuad scatterers (-73 dB < krill TS < -68 dB).
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8. WG-EMM-96/36 used a method based on in situ TS to separate krill from other scatterers.
Minimum and maximum TS vaues were derived from net catches usng the gze of krill and TS to
length rdationship described in sc-CAMLR-X. Acoustic backscatter with in situ TS vaues estimated
by the echosounder as faling within the minimum and maximum vaues cdculated from the net catch
was then dassfied askrill.

0. WG-EMM-96/49 used a classification system based on net hauls and a video camera deployed
on nets, CTDS and ROVS.

10.  Inaddition, WG-EMM-96/28 and 96/63 used net hauls to identify the dominant euphaudiid in the
area and s0 determine which areas to exclude from biomass estimeates.

11.  Given the differing techniques used to classfy acoustic backscatter mean that krill biomass
edimates are not directly comparable. At present there is no universaly agreed method for
classfying the acoustic backscatter to separate krill from other targets.

12. The subgroup recommended that al papers on echo classfication should contain a full
description of the echo classfication procedures used.

13.  Each paper should also contain average mean volume backscattering strength (S,) and
average mean area backscattering coefficient (S,) for each transect before any biologica

classfication is undertaken. Furthermore, estimates of krill volumetric dengity and krill ared dendty
can be computed from the above S, and S, using the methods described in Hewitt and Demer,

1993 and Demer and Hewitt, 1995. Although this may lead to overestimates of krill dengty, it will
provide basdine vaues suitable for comparative purposes. Authors are encouraged to present
results classified into krill and other scatterers.

14.  Findly, the subgroup recognised that both multifrequency and single-frequency echo
classfication techniques were being developed and encouraged most strongly the further
development, vaidation and description of such techniques.
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APPENDIX F

NOTESREGARDING FURTHER WORK ON
KRILL-PREDATOR MODELLING STUDIES

Note: Comments pertain to the ThomsonButterworth approach (eg. WGEMM-96/67) to andyss
except where indicated otherwise.

0]

Antarctic fur sed

@

(b)

(©

Sengtivity of results to densty dependence with adult surviva rate, and to dternative
functiona forms (i.e. dternative to linear functiond forms) for the density dependence
remains to be investigated.

The assumption made in recent andyses that the estimated population growth rate
reflects the maximum possible (i.e. corresponds to an absence of dendty dependent
effects) is consdered reasonable for the population viewed as a whole (although there
are indications that the population has reached, and perhaps even exceeded, pre-
exploitation levelsin localised aress).

A further year’s data which has now become available should be incorporated into
anayses.

Black-browed abatross

@

(b)

Further analyses should assume that the estimated surviva rates include a component
related to fishery-induced mortdity from the year 1989 when longlining commenced in
the vicinity of South Georgia, and should incorporate the survivd rate estimates
subsequent to 1990/91 which are now available. The anayses need to take account
of differencesin population trend before and after 1989.

Daa suggest that the population size was high and gtable during the 1970s, but
dropped to a lower but ill stable leve in the 1980s.  Such behaviour is not
immediately compatible with the structure of the present krill- predator and krill yied
modds, and modifications to these which permit reconciliation with these data should
be investigated.



(i)

(©

There are no series of population Sze estimates which would alow estimates to be
made of maximum population growth rate from periods of population increase —an
andyss in any case rendered the more problematic because of the long lag from
fledging to recruitment to the breeding population. Instead, maximum growth rate
edimates based on plausble maxima for vaues of demographic parameters for
survival and reproduction need to be considered.

Addie penguin

@

(b)

(©

(d)

()

Dr M. Mangd (usa) will liaise directly with Dr W. Trivelpiece (UsA) to obtain local-
scde data pertinent to the further development of the Switzer-Mangd krill-Adédlie
penguin functiona response modd (WG-EMM-96/20).

Dr Mangd will liase with Dr D. Butterworth and Miss R. Thomson (South Africa) to
effect input of results from a refined Switzer-Mangd modd into computations dlowing
esimation of the effect of different krill fishing intengties (measured by @) on the Size of
the Adédlie penguin population.

Further work to amend the ThomsonButterworth Adélie penguin modd as per
Appendix F of sc-CAMLR-XIv, Annex 4 is unlikely to commence before 1997.
Dr Trivelpiece will, if possble, extract the requidte data (annud estimates of the
number of colony birds and fledging success rates) for these andyses by early 1997.

The population in question appears to have changed from a stable levd in the 1980s
via a sudden drop in 1988/89 to a subsequent near stable but lower level. The latter
period shows much lower levels of cumulative surviva from fledging to recruitment to
the breeding population. This combination of events implies that other demographic
parameters must dso have changed, and available data on age a first laying and adult
aurviva rate should be examined for evidence of this.

The present gpproach assumes that only the juvenile (first year) survivd rate depends
on krill avallability. This approach should be extended to dlow sub-adult survivd rates
to depend upon this as well. Data avalable on cumulative survivd to first breeding
could be used to atempt the estimation required.



(iv)  Crabeater seds

(@ Asaurvivd rate data do not exis, indices of relative cohort strength (inferred from
investigations of teeth and ovaries) would need to be used as a substitute for juvenile
aurvivd ratein any andyss.

(b) Information on maximum possible population increase rates would need to be inferred
by anadogy from other species. As reaults for resilience to krill harvesting seem likely
to be very sendtive to this vaue, and given the questionable rdiability of such
arguments by andogy, andysis for this species should be accorded alesser priority.

V) Gentoo penguins

(@& Dr Trivepiece has data for this species smilar to those he has collected for Addie
penguins. Investigation would be of interest because this species has a different life
history to Adélie penguins (including, in particular, amuch lower age a firdt laying).

(b) Extraction of the data required for a moddling exercise will, however, be
time-consuming. Thus work on this species should first await progress with the
andyses for Adédlie penguins.



248

APPENDIX G

CALCULATIONSFOR SENSTIVITY TESTSOF THEKRILL YIELD MODEL

Use the R and R, estimates from Table 3 of WG-EMM-96/45 in the recruitment mode (dela
Mare, 1994). These will probably not be suitable for use in the beta distribution modd, in
which case they should be incorporated usng a re-sampling method. The consequent
estimates of the recruitment digtribution and naturd mortdity provide a digtribution for the
pre-exploitation biomass, which is to be compared with the distribution of dengties given in
Table 4 of WG-EMM-96/45 t0 see whether the recruitment proportion and density data are
consstent with an absence of trend in median recruitment (as assumed by the recruitment
modd). The rdative frequency of modd trgectories which closdy match the observed
dengty seriesisto be assessed.

Re-caculate the values of g pertinent to Subareas 48.1, 48.2 and 48.3 taking account of :

() therevised joint digribution for M and krill recruitment digtribution parameters from 1
above; and

(i) an edimate of the biomass levd a the time of the ABEX survey relative to the median
pre-exploitation biomass.

Use the R and R, edimates in conjunction with dengity estimates to caculate an index of
absolute recruitment.  Re-sample from these to cdculate yidd and a didribution of
population trgectories. Agan use the digtributions and reative frequency of smilar
trgectories as comparative measures. Examine the stock recruitment relationship indicated
by these estimates.

Investigate the robustness of the precautionary limits caculated from the yield modd by using
recruitment data generated from two types of models. The firg modd is to include the
effects of serid corrdation in recruitment. The serid correlation used is to be based on serid
correlation estimated from the observed recruitment series. The second model isto generate
recruitment from amode in which krill recruitment switches from time to time from a higher
levd to alower level. The amplitude and period of the leve shifts are to be based on those
required to emulate the abundance indices given in Table4 of WGEMM-96/45. The
precautionary yield from the usud krill modd is then to be compared with the known yidd
from the smulation models used to gererate the data.



REFERENCES

delaMare, W.K. 1994. Moddling krill recruitment. CCAMLR cience, 1. 49-54.

delaMae, W.K. 1994. Edtimating krill recruitment and its variability. CCAMLR Science, 1. 55—
69.

249



APPENDIX H

REPORT OF THE SUBGROUP ON STATISTICS
(Cambridge, UK, 7 to 9 May 1996)



REPORT OF THE SUBGROUP ON STATISTICS
(Cambridge, UK, 7 to 9 May 1996)

INTRODUCTION

The Subgroup on Statistics, convened by Dr D. Agnew (Secretariat), met from 7 to 9 May
1996 in Cambridge, UK, to consder a number of items referred to it by the meeting of WGEMM in
1995. These items are identified in the agenda, which is given in Attachment A. The ligs of
participants and documents are given in Attachments B and C respectively. The report was
prepared by the Secretariat.

CALCULATIONS OF INDICES OF DEPENDENT SPECIES PARAMETERS

2. The methods of cdculating indices from the data collected by CEMP have been described in
WGEMM-95/10 to 95/14. In brief, data collected by each standard method are analysed to caculate
one or more indices for each combination of Ste/species/sex and year. Each combination of
index/dte/species/sex is thus atime series. In addition to the documents listed in Attachment C, the
subgroup had available to it a verson of WGEMM-95/14 which had been revised by the Secretariat in
accordance with requests by WGEMM-95 (SC-CAMLR-XIV, Annex 4, paragraphs 5.69t0 5.73). The
subgroup examined these indices and discussed a number of desirable modifications.

3. There are two fundamentally different types of variance included in the standard presentation
of indices produced by the Secretariat: within- and betweenyear variances.

4, Included in the presentations in WG-EMM-95/13 are the within-year variance of an index for
each year in atime series, the vdue of the index itsdf and the Satistica significance of the difference
between that index and the previous year’ svalue. In generd, these statistics are being appropriately
gpplied and are of some vadue.

5. The betweenyear variance has been used in these presentations to caculate confidence
limits of the mean (over years) index; years with values outsde these confidence bounds have been
identified as apparently anomaous.

6. The subgroup recognised that both the anomdies and trends, within an index series, are of
interest. The identification of anoma ous vaues should continue to be carried out using the mean and
variance of the series when the vaue of the index between years is expected to ke normadly



digtributed. However, when normdity cannot be assumed, identification of anoma ous vaues should
be carried out either usng quantiles of the empirica distribution of the values, or by transformation to
normdity (for ingtance the log-odds transformation log(p/(1 - p)) for proportiona data).

7. Where anomdies are identified from normd didributions (either naturadly normd or
transformed to normdity) the length of the time series is criticd in determining the level & which

vaues are to be conddered anomaous. An empirical anadyss described in Attachment D was used
to derive the vaues of z, in Table 1, to be used in the identification of anomdies, a vdue is

considered anoma ous where value < mean - z. sd or value > mean + 7. sd.

Tablel:  Valuesof z to be used in the identification of anomalies.
Series Critical Series Critical Series Critical Series Critical
Length Vauez, Length Vauez, Length Vauez, Length Vauez,
(no. of years) (no. of years) (no. of years) (no. of years)
1 2.36 21 272 31 292
12 241 2 275 32 29
3 115 13 246 23 277 33 295
4 149 14 251 24 2.80 A 2.96
5 172 15 255 25 282 35 298
6 1.89 16 258 26 284 36 299
7 202 17 261 27 2.86 37 3.00
8 213 18 264 28 287 33 302
9 222 19 267 29 289 39 303
10 229 20 270 30 291 40+ 304
8. Identification of anomalous vaues should in dl cases only be performed when a series is

composed of three or more years of data. Indices where normaity may be assumed were identified
as Al, A7, A8a and C2. The proportion indices (A6, A8b, B2) should be investigated for
normdity, and subject to the log-odds transformation and subsequent trestment as norma
digributions if necessry. Indices where normdity was unlikely were those involving foraging
duration (A2, A5 and C1), and these may be transformed using logs if this gives approximate
normdity. The population size indices (A3 and B1) might be best sudied by log-transforming them
and invedtigating the year-to-year differences as changesinlogs. Detection of anomdiesand trend in
any indices which cannot be treated in this way should be carried out using quantiles.

0. All indices should be examined for evidence of trends dthough, until recently, time series
have been too short to analyse using standard trend statistics (such as Mann-Kendd gatistics). In
the cases where trends can be identified, consderation should be given to ways to de-trend the data

to asss the identification of anomaous years. However, the methodologies for de-trending these
data, and the appropriate z. values to use on de-trended series, require further investigation.



10. It was recognised that as the demand for identification of anomaies and trends becomes
greater, the computationa chalenges involved in performing these andyses using database software
will increase. It is highly dedirable to retain the present software design, which is linked directly to
the CCAMLR database and enables additiond data to be rapidly incorporated into the anayss,
athough this necessitates the employment of standardised, generd methodologies. For this reason,
the presentations of the indices should cdearly date tha the identification in these presentations of
ggnificant betweenyear changes, anomalous years and trends should be treated Smply as guiddines
to as3s examination of the data Formd datigicd anadyss will continue to require the detailed
examination of individua series on a case-by-case basis.

11. A number of pointswere made concerning specific indices.

A3 - Breeding Population Size

12.  The addition of year-to-year percentage change would be hdpful in identifying trends for this
index.

13.  The problem of ensuring data continuity for indices of population Sze was discussed in some
detail. A good example of the problem is given by the data on Addlie penguins from Syowa station
(Table 2).

14.  Stuations such asthat at Syowaare most likely to arise where logistic or operationa reasons
prohibit the monitoring of a colony in a particular year. They may aso arise if the colony count was
zero but was erroneoudy reported as a null, or where colonies have coalesced. In the latter case,
the problem may be overcome by creating a new colony code to cover both the coaesced colony
and its previous parent colonies.

15.  Where there are cdls missng from the matrix of colonies by year, the Stuation is currently
treeted by including only those colonies which have time series of amilar lengths in the find index
caculation. For Syowa, only the Ongul colony was included in the caculaion of the index. The
subgroup agreed that athough the current method omits severd colonies which may contribute useful
data, the dternative method, that of omitting al years where there are data missing for one or more
colonies, was not gppropriate. As a better solution, methods of interpolating missing data for years
when at least one colony out of agroup has been counted should be investigated.

16. As an interim measure, the subgroup requested that a table Smilar to Table 2 should be
presented whenever missng data are identified in Method A3.



Table2: Colony counts from Syowasite.

Site Code Species Code Split-year Colonies

Huku Mame Mizu Ongul Rumpa
SYO PYD 1966 39 103
SYO PYD 1967 14 960
SYO PYD 1968 180 1000
SYO PYD 1971 113
SYO PYD 1972 83
SYO PYD 1974 73
SYO PYD 1975 140 21 50 533
SYO PYD 1977 55
SYO PYD 1978 46
SYO PYD 1980 24 43 473
SYO PYD 1981 70 102 1145
SYO PYD 1982 480 60 122 1500
SYO PYD 1983 310 53 59 1200
SYO PYD 1984 500 53 7 1550
SYO PYD 1985 670 53 83 1224
SYO PYD 1986 520 63 158 1450
SYO PYD 1987 434 72 247 82 1437
SYO PYD 19838 750 493 59 2270
SYO PYD 1989 439 258 78 1338
SYO PYD 1990 398 115 416 124 1893
SYO PYD 1991 352 139 318 91 1498
SYO PYD 1992 290 180 413 1485

A5 — Foraging Duration

17.  Some evidence was presented at the 1995 meseting of WG-EMM that made and femde Addlie
penguins showed different foraging behaviour (SC-CAMLR-XIV, Annex 4, paragraph5.17).
Currently, few datasets submitted to CCAMLR enable separation of thisindex by sex (WG-EMM-Stats-
96/5) to be carried out, and the subgroup, while feding unable to comment on the significance of

inter-sex differences in foraging duration, noted that the collection and reporting of data by sex

would enable separation to be carried out in the future should this be deemed necessary. Sex should
aso be identified when reporting data under Method A2 (incubetion shift).

18.  The subgroup endorsed the current method of caculating foraging duration during the brood
and creche stages separately, but requested that the tables of mean foraging duration by five-day
period presented in WGEMM-Stats-96/5 should be routindy produced dong with the A5 indices to
ad interpretation.

19. It was noted that a t-tex was currently being employed for pair-wise interannud
comparisons of foraging duration. The within-year normal distribution assumed by this test was
unlikely to hold for the foraging deta, but given the large sample sizes currently employed it is most

5



likely that the means would be approximately normadly distributed, leading to results which were
probably not mideading. The current methodology should therefore be retained.

A6 (A6a— Chicks Fledged per Eggs Laid;
A6c — Chicks Fledged per Chicks Hatched)

20.  The subgroup agreed that the current method of caculating binomia standard error of
breeding success was appropriate. The unit of sampling is the nest rather than the egg, leading to:

se(p) = v(p(lI-p)/n) for one-egged species; and se(p) being somewhere between v (p(l-p)/n) and
v(p(1p)/2n) for two-egged species, the largest of these (v(p(l-p)/n)) being taken to provide the
most conservative estimate of se. This gpproach is aso adopted in the comparison of pair-wise year
differences, where the chi-squared is divided by 2 for two-egged species. To avoid confusion in the
future, the rationae for using these tests should be explained more fully in the text of the indices.

Severd other editoria changes were suggested, including an explanation of the result of codescing of
colonies between and within years (see paragraph 14).

A8a— Ration Sze

21. WGEMM noted that at Béchervaise Idand some cases of known breeding birds returning to
the CEMP Site with empty stomachs had been reported (WGEMM-95/32). It requested the Subgroup
on Monitoring Methods to consider how data on empty stomachs should be incorporated into the
caculation of indices. Because the question dso has relevance to the Subgroup on Statigtics, it was
aso considered by this group.

22.  The subgroup recognised that it was essentid that birds found to have empty stomachs were
known to be breeding birds with living chicks, and that empty stomachs be clearly defined and
sepaated from somaechs with very few contents.  Given this assurance, two options for
incorporation of empty stomach data were considered. Firstly, a nor-norma distribution could be
fitted to describe within-year variation. However, this requires further investigation and is not
suggested as a solution at the moment.

23.  Secondly, the present (assumed norma digtribution) caculation of the index could be
enforced for non-zero stcomachs only, with the additional presentation of the proportion of empty
somachs. If necessary, comparative and trend statistics on the proportion of empty stomachs could
be caculated, for instance using the log-odds ratio transformation. The indices produced using this
method would probably be the easiest to interpret, and would aso be smplest to compute.



24.  The eesest way to report this information would be as a sngle figure for the number of
empty stomachs on form A8.

A8b — Prey Categories

25. New categories for specific prey items of particular importance at some Stes should be
recorded in the database (eg. Themisto a South Georgia). These should not necessarily be
presented in the indices document. However, under the indices of ‘mean proportion by weight' an
‘others  column should be introduced to complement the current categories of squid, fish and krill
and demondirate that the total proportions sum to gpproximately 1.

26. It was noted that the proportion given was cdculated as the mean proportion of diet
component in individud stomachs, and not the proportion of that component in al somachs (i.e.
mean(p(X);) not p(sum(x;)) where x; is the weight of diet component x in bird i and p(x); isthe
proportion of diet component x in bird i). The former cdculation is consdered to reflect the
population condition more accurately because it takes the sampling unit to be the individud animd
rather than the group of animas. Both methods, however, are vulnerable to biases due to weighting
problems where birds have particularly variable ssomach content masses.

27.  Mr T. Ichii (Jgpan) reported that some recent data (Jansen, unpublished) had indicated that
there were both diurnd and overnight foragers within the chinstrap penguin population, which
resulted in chicks being fed twice per day during the early rearing period, and that the prey
composition found in penguins foraging a these different times of day was digtinct. For instance,
both fish and krill were taken at night and only krill was taken during the day. Previoudly, it had been
assumed that these penguins undertook only one, daytime, foraging trip.

28.  If sampling of diet was confined to a single time of day, then this could lead to biases in the
monitoring results. However, it was recognised that this did not affect the method of caculation of
the indices o ther satistics, but should be referred to the Subgroup on Monitoring Methods to
examine the problem in more detail and determine ways to ensure condstency of sampling.

C1 — Fur Sed Femde Foraging Duration

29.  Thismethod involves placing transmitters on seds to record the duration of foraging for ther
fird 9x perinatd trips. Falure of animas to complete Six trips usudly results in the trangmitter being



recovered and placed on another femae, but falures are currently not reported. It was suggested
that the number of fallures be reported in addition to the foraging details of seds which successfully
complete a full six foraging trips; this suggestion should be referred to the Subgroup on Monitoring
Methods.

30. Thetext of the indices should be amended to reflect changes in the method of caculating the
index determined at the 1994 meeting of the Subgroup on Statistics.

C2 — Fur Sedl Pup Growth

31l.  Thethree data series being compiled for this parameter (Cape Shirreff, Sed Idand and Bird
Idand) dl use procedure A where a number of pups are weighed a intervals throughout the growing
season.  The indices caculated from these data may be biased because it is impossible to identify
(and thus diminate from the andyss) pups weighed early in the season which will not survive to
weaning. These pups are often smdler than average, and are most likely to die in the first month,
thereby depressing the regresson near the origin.  Further, in poor seasons when more pups are
likey to die, the biasing effect on the calculated regresson is likely to be greater, leading to greeter
apparent growth rates in poor seasons than good seasons.

32.  To examine this problem further, growth rates caculated using data from early and late parts
of the season should be compared in an attempt to identify consstent biases. This would best be
done by Members using origina datarather than the data submitted to CCAMLR.

Environmentaly Unusud Years

33. WGEMM requested that the Subgroup on Statistics develop methods of highlighting
anomalous years where the reason for the anomay is known and, if necessary, excluding them from
trend analyses (SC-CAMLR-XIV, Annex 4, paragraph 5.83). This report will refer to these years as
‘unusud’ to digtinguish them from the Statisticd description of ‘anomaous’ years given in paragraphs
610 8.

34.  An example of the problem was discussed with reference to black-browed albatrosses at
South Georgia. Occasondly heavy snow and ice conditions at Bird Idand prevent many abatrosses
from nesting. In these years breeding success for birds that do lay is often zero or near-zero.
Although snow, ice and locd weather conditions are considered by monitoring methods F3 and F4,



these land-ice conditions a Bird Idand are not monitored regularly so asto form a continuous series
which would serve as an environmenta index.

35.  The subgroup agreed that where sgnificant environmenta events occur which are noted by
researchers as affecting monitored parameters but which are not part of a continuous environmenta
monitoring regime, they should be recorded and reported to CCAMLR on the data submisson forms
for cCEMP methods. They will then be entered as presence/absence data into the database, presented
aongsde the indices, and can be incorporated as binomid variables in any multivariate analyss of
the indices. Accordingly, dl forms need to be amended to include an entry for ‘unusud
environmenta conditions .

EXTENSION OF INDICES TO COVER HARVESTED
SPECIESAND ENVIRONMENTAL PARAMETERS

CPD Index

36.  The subgroup has been asked to provide a critica re-examination of the concept of the cPD
index (SC-CAMLR-XIV, Annex 4, paragraphs 5.92 to 5.96). Thisindex is currently calculated as the
krill catch within 100 km of predator colonies during the period December to March. It is not a
measure of competition between predators and the fishery, but is a Smple expression of potentia
niche overlgp. This index is intended to be used to asss in understanding some of the predator-
fishery interactions identified in the schematic representation of the ecosystemn described by WGEMM
(sc-CAMLR-XIV, Annex 4, Figure 3). The concept has been developed in some depth by Ichii et d.
(1994), and Agnew and Phegan (1995), who attempted to further refine the calculation of realised
niche overlap.

37.  Thefour generd leves a which analyss of this niche overlgp may be viewed are shown in
Table 3.



Table3:

Levels of analysis of niche overlap.

Name Scale/Operation Description Example
Precautionary Subarea or Southern Coverswhole area of krill Potential yield model.
overlap Ocean. distribution and all krill
predators.
Potential Broad-scale spatial (100-km | Very broad scale. Local | Current CPD calculations
overlap radius) and temporal | overlaps or separations | (WGEMM-95/41).
resolution. between predators and the
fishery may be missed or
misrepresented, but flux
can beignored.
Realised Fine-scale horizontal Fine-scale overlap is | Modelling approach
overlap distributions of predators | measured, but the maor | suggested by Agnew and
and the fishery (30 n milex | problem of flux between | Phegan (1995).
30 n mile) combined with | finescale areas is not
estimates of predator | addressed.
consumption rates.
Dynamic Very fine-scale vertical and | This would be the best | Some discussion in Ichii
overlap horizontal distributions of | descriptor of the functional eta. (1994).
predators and the fishery, link between predators and
together with modelling of the fishery, but would
flux effects and the | require a much larger
common availability of prey | knowledge base than is
to both resource users. available at the moment.

38.  The subgroup agreed thet dl levels of anadyss of niche overlap should be developed. It was
fdt that worthwhile progress could be made with the potentid and realised overlagp indices usng
available data and current knowledge, but that substantia progress with the dynamic overlap index
would require additiona data and new biologicd knowledge. Development of the potentiad and
redlised indices should proceed in pardld — the latter being perceived as arefinement of the former.

39. A dynamic overlap index will require detailed data a a fine spatid and tempord scae
appropriate to the scale of predator-prey-fishery interactions. Members should be encouraged to
develop research programs to collect data and generate analyses.

40.  The subgroup noted the reservations about the spatia and tempora scaes of the existing
CPD caculations expressed in SC-CAMLR-X1V, Annex 4, paragraphs 5.92 to 5.95, but fdt that it did
not have the expertise to determine adequately the values of parameters necessary for these models.
Accordingly, it requested WGEMM to provide information for known colonies on monthly estimates
of:

(i) typicd diet compostion (dong the lines of index A8b); and
(i)  maximum and modd foraging range.
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Where data are not available for a colony, vaues should be inferred from the closest or most similar
colony.

41.  These data can then be aggregated on the most appropriate spatid and tempord scaes to
cdculate indices of potentid overlgp with the fishery. It was suggested that the largest scale on
which such aggregation would be useful was annudly for a satidtica subarea. Within this scde, the
data aggregation should be st at a level appropriate to the predator species in question. It was
clear that it would be unlikely that any one spatid or tempord scae would be suitable for dl species
or aress, but the subgroup felt that it did not have sufficient data a expertise to determine these
scales and requested advice from WG-EMM accordingly.

42.  Inorder to make progress with the realised overlap approach of Agnew and Phegan (1995),
data on the dengity of predators as a function of distance and bearing to colonies will be required.

There are two methods of acquiring this information:  through satdlite tracking of known breeding

animals and through standardised shipboard surveys. Research data on the distribution of predators
a seq, obtained via satdlite tagging and through aerid and shipboard observation, are becoming

increasingly available, and Members who have such data are encouraged to analyse them in such a
way asto provide the necessary input for the calculation of aredised overlap index. However, using
data on predator distribution and dengity at sea requires that such data be collected in a sandardised
fashion usng recommended procedures (e.g. taking account of biases caused by moving animdls,

species-specific detectability, etc.) and that they be analysed taking account of biases due to loca

aggregation effects, travelling as opposed to foraging or feeding, tempord patterns of foraging/diving,
etc.

43.  For the time being, the cPD index (describing potentid overlap) should continue to be
caculated according to the methods described in WG-EMM-95/41, and the approach of Agnew and
Phegan (1995) towards the cdculation of a redised overlap index should be re-assessed for
presentation to WG-EMM. Modifications of these caculations will be undertaken when the requested
data are available and the gppropriate spatial and tempora scales have been determined.

Harvested Species Indices
44.  Indices of harvested species are essentid for both the interpretation of predator indices and
the development of WG-EMM'’ s conceptua modd of the Antarctic ecosystem. The group identified a

number of indices which could be cdculated from existing datasets or data which will become
avalablein the near future (Table 4).
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45. It is essentid that this part of the ecosystern monitoring system be developed as soon as
possble to complement the existing indices of predators and the development of environmenta
indices. It is strongly suggested that investigations of the feashility of caculating these indices, the
avallability of data, and the gpplicability of the indices to the objectives of WGEMM be initiated as
s00n as possible, and that interim results be presented to WGEMM in 1996.

46. It was recognised that krill flux could potentidly complicate the interpretation of many of
these indices. The spatid scale of an index should be set sufficiently large that, assuming the turnover
rates caculated by the Workshop on Evduating Krill Hux Factors (SC-CAMLR-XIII, Annex 5,
Appendix D), the biomass of krill subject to flux across the boundaries of an area should be
negligible, compared with the tota stock within the area, over the time scae over which the data are
collected.

Environmenta Parameters Influencing Harvested Species

47. A number of indices of searice didtribution are currently being cdculated by the Secretariat
(WGEMM-95/41), and a correspondence group convened by Dr D. Miller (South Africa) is studying
the indices and other aspects of the interaction of sea-ice with other components of the Antarctic
ecosystem. The subgroup made no further comment about this parameter.

48.  Daaare currently available for a number of additiond environmentd parameters which may
be important in determining the Sate of the marine environment, and which could influence harvested
gpecies digtribution and abundance. These are:

()  thepresence/pogtion of fronta zones,
(i)  sea-surface temperature (SST); and
()  shdf surface water flow (ADCP measurements).



Table 4:

Suggested harvested species indices.

Aim: To Index Data Source and Scde Description
Determine... Availability

Large-scae CPUE by area Commercid Subarea Calculate catch/hour and catch/day at the subarea level by fleet, or for a standardised
harvested species [Statlant B data Season fleet/vessel established by GLM analysis. Different CPUE indices are likely to respond
population trends (subarearesolution) | (summer only) differently depending on area/fleet. For instance, catch/day is likely to be appropriate for the

is available now] Japanese fleet in the Indian Ocean sector where a considerable searching effort is required, but
catch per hour is more likely to reflect swarm density in the Atlantic Ocean sector where
searching is not usually necessary. However, in view of the lack of confluence between
fishing areas and CEMP sites in the Indian Ocean sector, it is suggested that effort be put into
developing thisindex for the Atlantic Ocean sector for the time being.

Lage-scae Relative catch or Commercia Subarea Within a subarea, assume that fleets operate as a single unit. Assume also that within
harvested species CPUE distribution [fine-scale catch Season subareas, favoured fishing areas identified through experience are preferentialy targetted, but
distribution between defined data available now. that the fleets will move between favoured areas depending on catch rates in those areas. For

aress Fine-scale CPUE instance, in Subarea 48.1 the Japanese fleet preferentially targets the Livingston Island fishing
data present for area, unless it finds that the Elephant Island area is particularly profitable. The fleet is then
some fleets now] acting as a selective predator and its distribution will reflect the distribution of harvested
species. An index of this distribution might be calculated by choosing two or more known
fishing areas and calculating the ratio of catches between these areas over the season being
considered.

Local abundance Mean krill density Research 100 x 100 n mile Local krill surveys have shown that krill distribution and abundance may be highly variable in
from a number of [local acoustic scale areas, for space and time. A number of surveys of arestricted area are therefore required in arestricted
surveys surveys] specific months timeinterval, for instance six weeks in January/February each year.

Local distribution Local krill density “ “ A number of measures of krill distribution could be used: for instance, the distance between
relative to colonies predator colonies and the centroid of krill density; minimum and maximum distances from a

site to krill densities of a defined size; changes in krill density spectral analyses. This index
needs considerable research.

Local vertical Depth of krill “ “ Calculate maximum and minimum depth of high densities of krill, or the proportion of krill
distribution swarms within depth strata (for example the depth of the mixed layer) and by time of day.

Population Krill density by Research Subarea or other A synoptic survey every year is clearly impractical. However, asurvey at intervals of several
abundance subarealregion [synoptic acoustic large region yearsis essential for calibrating other indices of population density, and for determining long-

surveys] term trends in krill abundance.

Demography Recruitment Research Subarea or other Methods for estimating recruitment proportion (R;) are being developed by a number of
proportion [net hauls] large region researchers (see for instance de laMare (1994) and Siegel and Loeb (1995)).

Demography Commercia length Commercia Regiona Kawaguchi and Satake (1994) have previously shown that trends in the length composition of
composition [net hauls)] the commercia catch can be correlated with environmental parameters. Commercial length

composition data should be separated by region where major biogeographica differences are
known to exist — for instance, in Subarea 48.1 small animals are found inshore and large
animals offshore, so separation into inshore and offshore components is necessary.




Wind stress, sea-surface roughness and geopotentid anomady are other variables for which
information is avallable from satellites, but these are consdered to be of secondary importance for
the present exercise.

49. From these data one could congtruct two indices:

()  sst anomaly, measured at postions of reevance to CEMP Stes, for each month of the
breeding season; and

(i) water flux (trangport), measured in January/February, in a number of fine-scale
sguares close to CEMPSites.

50.  The former of these can be caculated using fredy available data, and should be attempted
by the Secretariat prior to WGEMM in 1996. The latter will only be available through the design of
standard monitoring areas by research organisations. Members are encouraged to investigate the
development of standard methods for monitoring this parameter.

Environmental Parameters Influencing Dependent Species

51. A number of methods for monitoring sea-ice as viewed from the CEMP Site, aswell asloca
wegther conditions and snow cover a a CEMP Ste have dready been defined by ccamLR (Methods
F1, F3 and F4). Although data are being collected by Members, none are currently submitted and
this precludes the caculation of indices for these parameters. It was strongly recommended that
standard formats for submitting these data be developed by WGEMM and that Members be
encouraged to submit the data in time series that are comparable to the predator data already
available. Recording extraordinary environmenta conditions should also be encouraged as noted in
paragraphs 33 to 35.

52. Itisrecommended that attempts be made to develop methods for caculating the complete
suite of environmenta indices which have now been defined, thet is

() seaiceindices

(&  number of ice-free days
(b)  digtance from CEMPSite to sea-ice edge;

(i)  marineindices
(@  ssT anomdy
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(b)  water flux; and

(i)  terregtrid indices
(@ seaiceviewed from the CEMPSte
(b) locd wegather (eg. temperature, wind-speed anomaies by month)
(©) snow cover.

PRESENTATION

53. WGEMM had requested the Secretariat to develop a mechanism for representing index status
and trend data quantitatively to replace the current quditative tabulationsin SC-CAMLR-X1V, Annex 4,
Table 3. WGEMM-stats-96/7 suggested a method for these displays in which a standardised normal

variate ¢ = (x - X)/sd) was caculated for each index. Additiona tabulations were made of a
quditative presentation of these data and the origina indices.

54.  The subgroup consdered this to be a useful first step in the trangtion from a quditative to a
quantitative analyss of the indices. However, concerns were expressed that the dimensionless
standardised series masked important information contained in the indices, both because the indices
were not necessarily normally distributed (see paragraph 8) and because the magnitude of the indices
themsalves may be important. There was dso some concern that the standardised series would
change each year as the time series from which the means and standard deviations were caculated
increased in length.

55.  The firg of these concerns would be addressed by the following transformations prior to
cdculation of the sandardised normal variate:

()  normdly digtributed data: no transformetion;

(i)  proportions. log-odds trandformation;

(i)  foraging digtribution: log transformation (pending further investigation); and

(iv) population size: yearly changes, expressed as differences between logs of the colony

counts in adjacent years, may be normally distributed, but this should be investigated
further.
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These transformations should be displayed along with each index in the Secretariat’ s report of CEMP
indices.

56.  The second and third points of concern would be addressed if the standardised series was
presented graphicdly, as a guide to the interpretation of anomaies and trends in the indices, rather
than as numbers which could be used for further andyss. 1t would then be understood that further
investigative analysis should use the origind indices and not the sandardised series.

57.  The subgroup aso conddered the problem of the presentation of trends by WGEMM inits
report. It is clear from the andyses presented in WG-EMM-Stats96/7 that the subjective, quditative
display currently employed &c-CAMLR-XIV, Annex 4, Table 3) can be mideading. The current
display, by Ste, species, method and year is aso rather complex to interpret. A more useful output
from WGEMM might be a summary of the anomdies and trends by Site, species and year (i.e. an
ecosystem assessment following quantitative andyss of dl indices for a particular Ste and species).

58.  Thefollowing suggestion is made for a structured approach by which wG-EMM might andyse
the indices.

() examination of a document presenting anomadies and trends by Site and species, to be
prepared by the Secretariat;

(i) peform a systematic andyss of the indices, by area, Ste and species. This should
proceed by iterations of

(@ examination of a graphicd digplay of dandardised series (as in
WGEMM-Stats-96/7) to identify general trends and associations between
parameters and species. An associated quditative display of these anomdies,
and table of index vaues will be provided for reference;

(b)  further detailed analyds of features indicated by the standardised series, through
examination of the actud indices and figures given in presentations Smilar to
thosein WGEMM-95/13 and 95/14; and

(i) modification, as necessary, of the document described in (i) above presenting

anomadlies and trends by ste and species. This document should then act as the basis
for presentation within the report of WGEMM.
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59. It was recognised that step (i) would require a consderable amount of andyss by the
working group. Thiswould be facilitated if the data and software necessary for the calculation of the
indices was made available to Members in the intersessonal period. It was recognised that data
would be avallable under the norma CCAMLR data access rules, but that only software written in the
software package being used by the Secretariat could be provided. Thisis currently MS A ccess.

60.  The mechanism described above would act to asss the transfer of information from the
Secretariat to WG-EMM and from WGEMM to the Scientific Committee. However, it will require a
congderable amount of work by the Secretariat, and may take severad years to develop. The three
levels of andysis required of the Secretariat are; indices and figures as in WGEMM-95/13 and 95/14;
dandardised series figures, quditative change and tabulations of source indices asin WGEMM-Stats-
96/7, and asummary of ggnificant anomalies and trends.

CLOSE OF THE MEETING

61.  Thereport was adopted. In closng the meeting the Convener thanked the British Antarctic
Survey for hoging the meeting. He dso thanked dl paticipants for ther enthusasm and
contributions to a meeting whose results should significantly advance the work of CCAMLR, and WG
EMM, towards a quantitative ecosystem assessment.
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ATTACHMENT A

AGENDA

Subgroup on Statigtics
(Cambridge, UK, 7 to 9 May 1996)

Introduction

0]
(i)

Opening of the Mesting
Organisation of the Meeting and Adoption of the Agenda

Calculations of Indices of Dependent Species Parameters

0]

(i)

(i)

Review progress with al tasks assgned to the Secretariat at WGEMM
(SCc-CAMLR-X1V, Annex 4, paragraphs 5.69 to 5.76)

Develop methods for the incorporation of empty stomach datain diet indices

(This task was dlocated to the Subgroup on Monitoring Methods (SC-CAMLR-XI1V,
Annex 4, paragraph 5.27) but it more appropriately fits within the expertise of the
Subgroup on Statitics)

Develop methods of highlighting anomalous years, where the reason for the anomaly
isknown and, if necessary, excluding them from trend andyses

(Sc-CAMLR-X1V, Annex 4, paragraph 5.83)

Extension of Indices to Cover Harvested Species and Environmental Parameters

0] Provide a critica re-examination of the concept of the CPD index
(sc-CAMLR-X1V, Annex 4, paragraphs 5.92 to 5.96)

(i) Develop satisfactory indices for harvested species and environmentd data
(sc-cAMLR-X1V, Annex 4, paragraphs 7.89 and 7.95)

Presentation

()] Develop a mechaniam for representing index status and trend data quantitatively to
replace Table 3 (by, for ingance, deviations, in sD units, from a short- or long-term
mean). This needs to be addressed for predator, harvested species and
environmenta indices
(sc-CAMLR-XIV, Annex 4, section 8)

Advice toWGEMM

Close of the Meeting.
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ATTACHMENT D

CRITICAL VALUESFOR RANDOM NORMAL TIME SERIES

Suppose that a yearly time series condsts of random independent values X, X,, ..., X, from
a norma didribution with mean p, standard deviation s. Let the mean and variance of the
observations be denoted by M = X;/nand & = (X - M)?/(n - 1). Then the statistics

Z,=(X - M)fs, (1)

i=1,2, ..., nwill have the same didtribution for al vaues of L and s, but this ditribution will depend
upon the serieslength n.

To detect unusud years it is possible to compute the absolute values Z, i = 1, 2, ... n, and
see which of these, if any, is ‘sgnificantly’ large. To determine whether Z; isSgnificantly largeit can
be compared with the value that is only exceeded for (say) 5% of time series by chance. Thisalows
one or more of the yearsin a series to be defined as being unusudl.

A procedure for determining the critica vaue for Z isasfollowsfor a series of length n:

(@ gmuate nvdues X, X,, ..., X, from agandard norma digributionwithp=0and s
=1.

(b) convert the X; valuesto Z; vaues usng equation (1).

(o fidZ,.,=Max{ Z,, Z,, ... Z, }, the maximum of the absolute Z vaues.

(d) repest (a) to (c) many times to determine the ditribution of Z,,,.

() choosethecritica vauefor Z to be the value that is exceeded for 5% of the series.
The critica vaue obtained in this way controls for the multiple testing thet isinherent in condgdering n
vaues of Z for each series because if the time series being considered does consist of random vaues

from anorma distribution then the probability of declaring one or more years to be significant is only
0.05. The criticd vauesfor this procedure are shown in Table 1 of the main text.
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REPORT OF THE SUBGROUP ON MONITORING METHODS
(Bergen, Norway, 8 to 10 August 1996)



REPORT OF THE SUBGROUP ON MONITORING METHODS
(Bergen, Norway, 8 to 10 August 1996)

INTRODUCTION

The Subgroup on Monitoring Methods held its meeting from 8 to 10 August 1996 in Bergen,
Norway, immediately before the meeting of WGEMM. The meeting was convened by Dr K. Kerry
(Augrdia).

2. The agenda of the meeting comprised al the tasks referred to the subgroup by WGEMM in
1995 (SC-CAMLR-XIV, Annex 4, paragraphs 5.19, 5.24, 5.26, 5.27, 5.29 t0 5.32, 5.39, 5.41, 5.42,
5.44, 548, 5.51 and 5.53). The agenda adopted by the subgroup, the list of participants and the list
of papers consdered at the meeting are appended to this report as Attachments A, B and C

respectively.

3. Dr E. Sabourenkov (Secretariat) was rapporteur. Additional sections were prepared by Drs
D. Miller (South Africa) and W. Trivelpiece (USA).

REVIEW OF NEW METHODS AND TECHNIQUES

4, Drafts of severd new methods (WG-EMM-Methods-96/4 to 96/7, 96/13 and 96/14) as well as
sampling techniques were developed during the intersessond period and submitted for examination
by the subgroup. These drafts were adso submitted to SCAR for congderation by SCAR-BBS (WG
EMM-Methods96/12). The subgroup noted with thanks the comments of SCAR-BBS. It was noted
that the SCAR-BBS recaived the drafts late in July and had not had sufficient time to circulate them
among its members. However, the Subcommittee’s comments were taken into account, as
appropriate, throughout the subgroup’s discussons. Mattersraised in the report of the intersessiona
meeting of WG-EMM’s Subgroup on Statistics (Appendix H) and excerpts from the report of the
meseting of SCAR-GSS (SC-CAMLR-XV/BG/10) were a so taken into consideration by the subgroup.

5. It was agreed that when only minor amendments and editorial changes were required to draft
sandard methods, these drafts would be revised accordingly and recommended for publication in
CEMP Sandard Methods. In cases where drafts required an extensve revison, the subgroup
identified those points which needed to be taken into account in the revison as well as scientists
whose assistance would be required for revision(s) during the forthcoming intersessona period.



6. In its revew of methods, the subgroup consdered the development of procedures to
examine the suitability of monitoring methods to meet CEMP objectives. Where appropriate these
ddiberations are incorporated into the relevant sections of this report. However, the subgroup was
unable to establish a framework for a comprehensive review of existing methods and reiterated WG
EMM’s cdl to develop this framework as a matter of urgency (SC-CAMLR-XIV, Annex 4, paragraph
4.42).

7. The comments and recommendations of the subgroup in respect of standard methods and
techniques given in this report should be read in conjunction with origind papers tabled at the
mesting.

New Standard Methods

Attachment of Instruments

8. A technique for ataching externd instruments, including TDRs and satellite tracking devices,
to penguins and Antarctic fur sedls was prepared by Dr |. Boyd (UK) at the request of WG-CEMP. It
was agreed that this technique (WVGEMM-Methods-96/5) was practica, comprehendve and, with
minor amendments, including those suggested by SCAR-BBS, should now be included as an app