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REPORT OF THE WORKING GROUP ON
ECOSYSTEM MONITORING AND MANAGEMENT
(Seng, Itay, 24 July to 3 August 1995)

INTRODUCTION

Opening of the Meeting

1.1  The mesting of the Working Group on Ecosystem Monitoring and Management (WG-EMM)
was hdd a the Universty of Sena, Italy from 24 July to 3 August 1995.

1.2  Prof. Piero Tog, Chancelor of the University of Siena, opened the meeting and welcomed
participants to Siena. On behdf of the Working Group the Convener, Dr |. Everson (UK), thanked
Prof. Tos and Rof. Slvano Focardi for the invitation to hold the meeting in Siena and for the
subgtantia work which had been performed in pre-meeting arrangements.

1.3 The Convener expressed his satisfaction that 16 Members were represented by
43 participants, and that evidence of a high levd of interest in the work of wG-EMM was shown by
the submission of 90 papers, the largest number ever submitted to a ccAMLR Working Group. The
ligt of participantsis given in Appendix A and the ligt of papersin Appendix B.

1.4  He wdcomed representation and the provison of information on CEMP-related programs
from New Zedand for the first time. The Working Group regretted the continuing failure of France
and Germany to send scientigts and data from ther active CEMP-related research programs on

dependent species.

Adoption of the Agenda

1.5 TheProvisona Agendawas introduced and discussed. A number of changes were made to
the order of subitems within Item 5, and a new item ‘Interactions Between Environmenta Variables
and Harvested/Dependent Species included. A number of subitems were added to Item 6. The
Agenda, as amended, was adopted (Appendix C).



AIMSAND OBJECTIVES

Historica Perspective of CCAMLR Ecosystern Monitoring

2.1  The Convener introduced WG-EMM-95/30 which presented an overview of the objectives
and progress of ecosystem monitoring by CCAMLR. He reminded the meeting that the Scientific
Committee' sinitiation of work towards an ecosystem gpproach to management arose directly out of
Artidle 11 of the ccAMLR Convention which can be summarised as harvesting of individua species
should be set a alevd that does not adversaly affect the target species, depleted populations should
be dlowed to rebuild and harvesting should not adversdly affect dependent species.

2.2 The Working Group recognised that from the outset the Scientific Committee had agreed
that the complexity of the Antarctic ecosystem was such that attempts should not be made to
manage the ecosystem as a whole. Rather, management should be directed a a number of well-
defined ecosystem components. It dso recognised that a primary am of dl sudies within the
framework of ecosystern monitoring and management must be the provison of advice regarding
harvested species.

2.3  WGEMM-95/30 detaled the consderable progress that has been made in understanding both
harvested and dependent species, ther interactions, the nature of harvesting and the influences of

environment on the Antarctic ecosystem. A subgtantid time series of information has been collected
by the Working Groups on Krill (wG-Krill) and CEMP (WG-CEMP) since this work began in the mid-
1980s. It hasresulted in a highly improved understanding of ecosystem components dthough, with a
few exceptions, these have generdly been investigated in isolation from other components. 1n 1991,
the Scientific Committee congdered that enough detall was known about the individua components
to enddle the initiation of a process of integrating this information into an ecosysem management

approach, and held the firgt joint meeting of wGKrill and wG-CEMPIn Vifiadd Mar, Chilein August
1992 to do this. The process culminated with the establishment of WGEMM in 1994.

24  The Working Group agreed that many of the topics identified a the first joint mesting (sc-
CAMLR-XI, Annex 7) as being citicd to a management-oriented understanding of the key
components of the Antarctic ecosystem were dill important, and many had only been partidly
addressed dince that meeting. It agreed to condder these further a the present meeting (see

paragraphs below).



Objectives of WGEMM

25  TheWorking Group consdered thet it was gppropriate, at this first meeting of WGEMM, to
review its objectivesin terms of ecosystem assessment.

2.6  The terms of reference for the Working Group were set out in SC-CAMLR-XIII, paragraphs
7.4110 7.43. The Working Group agreed that a useful synthesis of these terms of reference was.

(i)  to provide advice on an ecosystem assessment combining information from dependent
and harvested species and the environment; and

(i)  to usethisassessment to provide advice on management.

2.7  Such an gpproach requires consderation of afundamental question.

(Q1) What condtitutes an ‘ ecosystem assessment’ ?

2.8 In order to understand how to gpproach this primary question the Working Group agreed
that it might be consdered as a series of secondary questions:

(Q2) () What are the dements of an ecosystem assessment?
@)  How do we make the assessment?
@)  How do we improve the assessment?
(iv) How do we use the results from the assessment in formulating management
advice?

2.9 The Working Group aso agreed that in order to address these secondary questions a
drategic modd or plan would be required.

2.10 However, it was recognised that until the strategic plan was developed and answers to
secondary questions obtained, it would be necessary to agree about the mechanism by which
management advice would continue to be provided to the Scientific Committee.

211 As a first gep towards answering question Q1, a schematic diagram of the Antarctic
ecosystem was drawn up (Figure 1), which relates to how ecosystem assessment had been defined
a previous meetings.



What is an Ecosystem Assessment?

2.12 At the second joint meeting of WG-Krill and wG-CEMP (Cape Town, South Africa, 1994),
the Convener of WG-CEMP provided a description of what WG-CEMP understood its tasks to be in
relation to ecosystem assessment.  These were to determine annually the magnitude, direction and
ggnificance of trendsin each of the predator populations being monitored; to evauate annualy these
data by species, dte and region; to congder conclusons in the light of relevant information on prey
and the environment; and to formulate appropriate advice to the Scientific Committee (SC-CAMLR-
X1, Annex 7, paragraph 5.1).

2.13 The Working Group agreed that dthough reference to a dependent species-oriented
assessment in the above paragraph had been gppropriate for wG-CEMP, the emphasis on harvested
species should be ncreased s0 as to reflect the broader needs of WG-EMM. Accordingly, the
Working Group agreed that an ecosystem assessment cons s of :

Patl: anandydsof the satus of key biotic components of the ecosystem; and
Pat2:  aprediction of the likely consequences of dternative management actions for the
future status of these components.

2.14 The Working Group consdered the definition of ‘status (as in paragraph 2.13) that is used
in gangle-gpecies fishery assessments, and how this definition might be applied to ecosystem
assessment.

215 In terms of ecosystem assessment, ‘status would need to include not only the points
necessary for asingle-species assessment, which are:

» current abundance and productivity of the harvested species, with abundance related to
some levd prior to the onset of exploitation; and

» if possble the rdationships (links) between these quantities and the date of the
environment;

but dso points related to dependent species which may be summarised as.
» current abundance of dependent species (usually expressed as breeding population size

or an index thereaf) in rdation to previous vaues, where possble in conjunction with
dataon current and recent adult surviva and recruitment rates.



2.16  Although it was recognised that in many instances the data would not dlow the provison of
precise management advice, it was understood that management actions consdered under Part 2
(paragraph 2.13) would include the concept of a precautionary approach in the absence of certainty;
aprinciple dready gpplied in CCAMLR management regimes.

2.17 An evduation of the status of biotic components in an ecosystem assessment will depend
upon an adegquate understanding of the components and links in Figure 1. Further, a successful

predictive ability will require a good understanding of current and past ecosystem dynamics and how
they are likdly to change in the future. The Working Group agreed that an important adjunct to the
ecosystem assessment process would be a continual review of the information required to
undergand the sysem sufficiently to make effective assessments.  This review would include
regppraisal of, inter alia, the taxa consdered as key species within the dependent and harvested
components, spatia and tempora aspects, and the most gppropriate parameters to measure.

2.18 In the pag, the method employed by WG-CEMPto describe the status of various component
gpecies, together with associated environmental parameters, was to use a set of Ste-based tables
(sc-caMLR-X111, Annex 6, Table 2). The Working Group acknowledged that even though
WG-CEMP had been unable to congtruct these tables with quantitative data as it had intended
(sc-cAMLR-XI1, Annex 6, paragraph 6.37), the tables had 4ill provided an extremely vauable
quditative assessment of current status. |t was agreed that the general form of these tables should be
retained and that the new presentation should am to increase the ability to investigate species and
subarea-based trends.

2.19 It was recognised, lowever, that the parameters given in the tables provided information
about different components of the system over different spatio-tempora scales. No single parameter
could provide a complete description of the status of the ecosystem. The objective of Part 1 of an
effective assessment (paragraph 2.13) would therefore be to examine how such information could be
integrated into aform most gppropriate for reliable execution of Part 2 of that paragraph.

2.20 Currently, some 14 parameters for dependent species and four environmental parameters
are assessed and reviewed annualy by CCAMLR, based on the data in the CEMP database. A
number of time series of parameter vaues could aso be developed from information on harvested
gpecies.  Figure 2 shows how these and other parameters could provide information on the
components and links of Figure 1.

2.21 The devdopment of aframework for the evauation of ecosystem status was consdered to
be fundamentd to the aims of the Working Group. It was recognised thet estimation of sets of
parameters to fully describe the various components and links of the syssem may well be limited by



current data availability and the difficulty of collecting the data which might be specified in the future.
(As an example, reliable time series of dependent species surviva rates are rare and difficult to
obtain.) Nevertheess, work should be continued on ascertaining what might be achievable with
more limited data

Organisation of the Meeting

2.22 The Working Group examined its agendawith reference to Figure 1 and was able to identify
agenda items addressing either one component or one or more links between components. It agreed
thet, in generd terms, items which addressed the evaluation of a component were often technica and
could be discussed in partia isolation from other components. They were, therefore, assgned to
subgroups for detailed discussion.

2.23 Items which addressed links and drategic moddling/planning should not generdly be
addressed in isolation. These are best discussed by the whole Working Group, using both the
reports of the subgroups and other information where necessary. However, it was recognised that
some topics related to the linkage of components do, in part, require detailed technical consideration
by subgroups prior to consderation by the full Working Group.

2.24 Responghility for the organisation and compilation of the Working Group’s report was, as
far as possble, spread through the Working Group’s membership to ensure an even digtribution of
workload and in the interests of a more efficient congderation of specific items.

2.25 The Convener reminded the Working Group that the first joint meeting had identified a
number of items which it consdered should be studied further to advance work on ecosystem
monitoring and management (SC-CAMLR-XI, Annex 8, paragraphs 1 to 13). Although some had
been addressed since 1992, topics 1 to 5 of the Report of the Firgt Joint Meeting of waGkrill and
WG-CEMP (SC-CAMLR-XI, Annex 8) were consdered to be ill pertinent to the work of the group at
this time. Topics 9 and 10 (CEMP experimenta approach, feedback mechanisms for management
advice) were consdered to be questions a the levd of the drategic modd (i.e, they are
investigations of the peformance of the mode, not of its components) and therefore require
substantia development of the strategic modd before they can be adequatdly addressed. The
Working Group assigned topics 1 to 5 to the components or links of Figure 1:

1. Krill escagpement: Fishery/dependent species link (fishery component operating through
the impact on harvested species).



2: Functiona rdationships between krill and predators. Dependent species/harvested
gpecieslink.

3:  Kirill biomass versus availability: Environment/harvested specieslink.
4. Refining functiond relationships. Dependent species’harvested species/environment link.

5: Conddering predator demands in subarea dlocation of catch limitss  Dependent
gpecies’harvested species/fisheries links.

2.26 The report was prepared by Dr D. Agnew (Secretariat), Drs 1. Boyd and J. Croxal (UK),
Dr W. de laMare (Augrdia), Dr P. Fedoulov (Russia), Prof. B. Fernholm (Sweden), Dr R. Hewitt
(usa), Mr T. Ichii (Jgpan), Dr K. Kerry (Audrdia), Dr G. Kirkwood (UK), DrK.-H. Kock
(Germany), Dr F. Mehlum (Norway), Dr D. Miller (South Africa), Dr E. Murphy (UK), Dr S. Nicol
(Augrdia), Dr P. Penhale (usa), Dr E. Sabourenkov (Secretariat), Dr W. Trivelpiece (UsA) and Dr
J. Watkins (UK).

All members of the Working Group contributed to the various appendices. The Convener
expressed his gppreciation to Working Group members for their contributions.

DATA

Krill Catchesin 1994/95

3.1 In the 1994/95 season krill catches in the Convention Area were reported by three
Members. Japan (60 304 tonnes), Poland (6 287 tonnes) and Ukraine (51 325 tonnes). Chile and
Russa, both of whom fished for krill in previous seasons, reported no krill fishing activities in
1994/95. All catch reports were submitted on amonthly basis as required.

3.2 The totd reported catch of krill was 117 916 tonnes. This represents an increase in
comparison to catches of 88 776 tonnes in 1993/94 and 83 818 tonnes in 1992/93. Catches
reported by Japan and Poland were of the same order as previous seasons. Theincrease was due
to an increase in the catch reported by Ukraine from 8 708 tonnes in 1993/94 to 51 325 tonnesin
1994/95.

3.3  TheWorking Group noted that no plans for expanding krill fishing were reported by Ukraine
a the Commission meeting in 1994.



3.4  All catches reported by Ukraine were taken in Area 48 between January and June 1995,
with catches being roughly equally distributed between Subareas 48.1, 48.2 and 48.3.

3.5  The greater part, 4 510 tonnes, of the krill catch reported by Poland was made in Subarea
48.2. Additional catches were reported from Subareas 48.1 and 48.3.

3.6  Japanese catches were mainly taken in Subareas 48.1, 48.2 and 48.3. During the season,
the area of operation moved from Subarea 48.1 (South Shetlands) to 48.2 (South Orkneys) and
then to 48.3 (South Georgia) in advance of the northward movement of the ice-edge.

3.7 A catch of 1 264 tonnes of krill was reported by Japan in Divison 58.4.1 (Wilkes Land,
Indian Ocean sector) in January/February 1995.

3.8  The Japanese krill fishery in Subarea 48.1 was concentrated to the north of Livingston
Idand. Most catches were taken further offshore than in previous seasons. This was because in
January/February 1995, krill concentrations were found to be more abundant over the dope than on
the shelf itsdlf.

3.9  TheWaorking Group reterates the importance of continuing a didogue with fishing nations in
order to understand trends in krill fishing and the ditribution of catches over the Convention Area
(CCAMLR-XII, paragraph 4.5; sc-CAMLR-XI1I, paragraph 5.8).

3.10 TheWorking Group recdled that in previous years it had received reports of krill catchesin
an areaimmediately west of Subareas 48.2 and 48.3, FAO Statistical Area 41 (i.e., acatch of 2 506
tonnes by Poland in 1993, and a catch by Russain 1991/92 (Sushin and Myskov, 1992%). It was
agreed that for WG-EMM to condder fully the krill component of its ecosystemn assessment,
continuing information on krill caught outsde the Convention Arealis most important.

3.11 Last year the Secretariat recelved from FAO a STATLANT A report that 71 tonnes of krill had
been taken in 1993/94 from the Convention Area by a non-Member country, Latvia Following a
request from the Commission, the Secretariat wrote to the Government of Latvia with a request for
information about fishing activities of Latviain the Convention Area. No response has been received
asyet.

! Sushin, V.A. and A.S. Myskov. 1992. Location and intensity of the Soviet krill fishery in the Elephant Island
area (South Shetland Islands), 1988/89. In: Selected Scientific Papers, 1992 (SC-CAMLR-SSP/9).
CCAMLR, Hobart, Australia: 305-335.



Scheme of Internationa Scientific Obsarvation

3.12 Thefirg scientific observation program on board a commercid krill fishing trawler under the
CCAMLR Scheme of International Scientific Observation was undertaken in 1995. Through a
bilaterd agreement between the us and Japan, an internationa scientific observer was placed on
board the Japanese trawler, Chiyo Maru No. 2, fishing for krill in Divison58.4.1 (Wilkes Land)
from 28 January to 22 February 1995 (SC-CAMLR-XIV/BG/10).

3.13 The Working Group noted with satisfaction the large volume of information on catch, effort,
and biologica data collected from krill caich samples obtaned by the observer during fishing
operations of the vessd.

3.14 Mr Ichii noted that in addition to the time spent searching for krill swarms, the time between
sets of the trawl recorded by the observer was close to the time required to process the krill caught
in previous hauls.

3.15 The pilot edition of the Scientific Observers Manual (1993) was used for planning the
observation program and recording data.  Based on experience from using the manud and, in
particular, the data forms, the observer suggested that some data forms could be modified to make
them eader to use in the fidd. The Working Group asked the Science Officer to take these
suggestions into account in preparing the revised edition of the manud to be submitted for
congderation by the Scientific Committee a the forthcoming meeting in 1995.

3.16 The Working Group agreed that the observer’s report had provided useful information. It
grongly urged Members to implement observation schemes dong the lines of the Japanese/us
arrangement and in accordance with CCAMLR’s Scheme of Internationa Scientific Observation.

3.17 Kiill caught by the Jgpanese vessd fishing in Divison 58.4.1 were mosly immeature or
juvenile specimens and were in al feeding dates. There wes no evidence that fishing strategy was
dtered due to the feeding intendty of the krill caught (SC-CAMLR-XIV/BG/10). These observations
were explained by Mr T. Kato (Jgpan) who pointed out that the fishing vessal was not concentrating
on catching high qudity krill but was aming to catch alarge quantity of krill quickly.

3.18 The Working Group noted that in the past the Scientific Committee had requested
information related to the assessment of the mortdity of krill passng through trawl meshes during



fishing operation (SC-CAMLR-XII, paragraph 2.25). The Working Group recaled thet in 19937 Dr
Yu. Kadilnikov (Russa) had submitted a paper describing a modd to test the effects of mesh
characteristics on the passage of krill through trawl nets. No frther developments have been
reported. The Working Group reiterated the Commission’'s call for information on thistopic. It dso
again urged Dr Kadilnikov to submit the computer code for his mode in order for the mode to be
verified and tested.

Consideration of Commercid Harvesting Strategy

3.19 Hne-scde catch data from 1973/74 to 1993/94 from the Convention Area submitted by
Japan from their commercid fishery and augmented by research/experimentd fine-scale data from
the Soviet Union reveded historicd fishing patterns (WGEMM-95/6).

3.20 In Area48, krill fishing has consstently been restricted to very locdised aress off the South
Shetland Idands, the South Orkneys and South Georgia.

3.21 In Area 58, krill fishing has occurred over a much wider areg, reflecting the exploratory
nature of the fishery in this region in earlier years. Kirill harvesting in Area 58 has, in certan years,
occurred in waters adjacent to known predator colonies (WG-EMM-95/6).

3.22 Seasond movements of fishing activity in Area 48 during 1994/95 followed a pattern
exhibited in previous years. from the South Shetlands early in summer, to the South Orkneys later in
summer and to South Georgia in autumn and winter. This pattern is largely driven by ice conditions
(WGEMM-95/7).

3.23 Thesngle Japanese vesH fishing in Divison 58.4.1 during 1994/95 headed south from New
Zedand and moved wesward along the shelf bresk until good fishable concentrations were
encountered at around 100°E.

3.24  Krill were reported to be scarce in Divison 58.4.1 during 1994/95 and those caught were
andl (mean 9ze 37.7 mm) (SC-CAMLR-XIV/BG/10) compared to those caught in Area48 (mean
lengths: 40 to 46 mm) (WG-EMM-95/51).

2 Kadilnikov, Yu.V. 1993. Pesk mortality of krill, fished with midwater trawls and feasible criteria of krill trawls
ecological safety. Document WG-Krill-93/34. CCAMLR, Hobart, Australia.

10



Biology and Ecology of Harvested and Dependent Species
of Particular Relevance to Fisheries Management and CEMP

3.25 A number of papersrelevant to this agendaitem were tabled.

3.26 Paper WGEMM-95/54 discussed the didribution of sdps a South Shetland Idands in
1990/91 in relation to krill. Krill were found mainly in coastal areas with salps being encountered in
greater abundance in oceanic areas offshore. Salp predation of small krill in addition to competition
for food between salps and young krill were considered in respect to the relatively low abundance of
krill a stations where sdps were abundant. The Working Group noted that the effect of predation
by sdps on smdl krill may be reduced by delayed krill spawning when sdps are abundarnt.

3.27 Laboratory observations of krill feeding on sdps (VGEMM-95/57) suggest an ecologica
relationship between krill and salps, indirectly through saps viathe microbid loop to krill and directly
through feeding by krill on salps.

3.28 The Working Group agreed that athough saps may be an important ecosystem component
at various times, information on their biology and ecology is sill limited. 1t concluded that there did
not appear to be a need to incorporate saps into the Working Group’s ecosystem assessments at
this time, but urged members to continue investigating the role of sdps in the Antarctic marine

ecosystem.
HARVESTED SPECIES
4.1 A subgroup was formed to review information and papers presented under Agenda Item 4.

The am was to highlight areas where new information was avallable that was of specific relevance to
Agendaltem 7. Only thislatter information is presented in Section 4.

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

4.2  Thirteen papers were avalable for discusson under Agenda Item 4(i). The main subject
areas covered by the submitted papers were:

. acoudtic survey design;
. quantification of errors,

1



. use of multifrequency techniques for the discrimination of target types, and
. problems identified with echosounder systems.

Survey Design

4.3  Papers WGEMM-95/34, 38, 43, 71 and 76 related to the topic of survey desgn. An
introduction and overview of some of the issues concerning design and anayss of surveys was
provided by Dr K. Foote (Norway).

4.4  Acoudic survey data may be andysed in two basc ways clasic random sampling
techniques utilisng mean and vaiance to describe the dendty didtribution of biomass, or
geodtatistica techniques utilisng spatid properties of the data to derive a mean and an estimation of
variance. In the absence of gpatia dructure the estimation of variance will idedly be the same asthe
sampling variance. It was pointed out that discussion of these pointsis aso to be found in the report
of the Workshop on Estimation of Variance in Marine Acoustic Surveys (WGEMM-95/38).

45  With regard to survey design, three generd points were raised in the overview by Dr Foote.
Frdly, gratification of survey transects may dlow an increase in efficiency if thereis prior knowledge
about the digtribution of the species being surveyed. Secondly, in the absence of any knowledge of
dructure, uniformity of transect spacing will provide maximum information about any large-scae
dructure. Thirdly, a two-tiered design where a prdiminary survey is used to locate areas for
dratification of effort during a second survey phaseis dso effective.

4.6  With regard to potential design for a survey of Area 48 (see dso paragraphs 4.59 to 4.67;
WGEMM-95/71), it was accepted that a dratified survey design was the most gppropriate one
avalable. It was agreed that in the absence of information about the didribution of krill in the
oceanic regions, uniform transect spacings would be the most appropriate.

4.7  The Working Group agreed that previous survey information should be used to define Strata
within the survey area and that the mean and variance from these surveys could be used to assess the
amount of sampling effort required (see WGEMM-95/71). Any additiond information on spatid
structure could be used to refine the estimation of effort required.

48  The Working Group recommended that further papers on survey design of Area 48 should
be prepared during the intersessond period and discussed at the next meeting of WGEMM.



49 A desgnfor an acoudtic survey in Divison 58.4.1 was tabled (WGEMM-95/43). While the
paper was not consdered in detail this year, it was noted that the design was submitted to the last
meeting of WGKrill whereit met with favourable review.

Quantification of Errors

4.10 Quantification of errors associated with acoustic surveys WGEMM-95/72 and 73) requires
condderation of two broad categories of sources of variance and bias:

. those arigng from the use of transect sampling (random sampling error); and
. those arigng from the application of acoustic methods (measurement error, which
contains dements of both systematic and random error).

411 Paper WGEMM-95/76 conddered random sampling error in a comparison of geodtatistica
and random sample survey andyses. The paper described the andyss of three surveys and
highlighted problems inherent in the andyss of an extremdy aggregated gpecies such as Antarctic
krill. The Working Group recognised that there is a large amount of information available outsde
WG-EMM on the use of random sample and geogtatistica gpproaches to analyse survey data but at
present there is no consensus on which approach may produce more efficient estimators’® of
abundance and variance. The Working Group recognised that at this stage there was no need to re-
andyse the data used to provide the current estimates of biomass for the management moded using
geodtatistica techniques.

4.12 Measurement error in acoudtic surveys of Antarctic krill was consdered in WG-EMM-95/72.
Systematic and random errors may arise from system cdibration, target strength (rs) estimation,
diurnd verticd migration and target identification. These components of uncertainty may be different
for each survey and as large as (or larger than) sampling error.

Multifrequency Techniques
4.13 Multifrequency acoudtic techniques can be used to classfy target types under certan

conditions, and papers concerned with hardware design (WG-EMM-95/8 and 9) and surveys utilisng
such techniques were submitted (WG-EMM-95/58, 72, 75 and 87). The Working Group recognised the

¥ A more efficient estimator is one which leads to estimates whose differences from the unknown true value of the quantity

of interest are likely to be smaller.
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importance of developing such techniques further, and recommended that for future surveys at least
two frequencies should be used as an ad in interpreting measurements of volume backscattering.

Echosounder Problems

4.14 Two papers WGEMM-95/37 and 73) gave details of some physica and technica problems
that have been identified with echosounder systems and may bias biomass estimates. WG-EMM-95/37
described the problems associated with the recognition of sngle targets in the in situ estimations of
target drength.  WGEMM-9573 highlighted some technical problems with a commonly used
echosounder. It was emphasised that these problems would not have affected biomass estimates
used to cdculate the current precautionary catch limits.

Andyss and Results of Studies on Didtribution, Standing Stock,
Recruitment and Production of Harvested Species

Didribution

4.15 Papers WGEMM-95/4, 5, 19, 23, 49, 58, 67, 70, 72 and 87 were tabled and important new
information was identified as follows.

4.16 The posshility of usng predator behaviour to provide information on prey distribution was
pursued (WVGEMM-95/23). The behaviour of fur seds a South Georgia suggested that there was
overd|l dumping of prey a the fine-scale level but there was a more even spacing of prey paiches at
the mesoscale level. The study showed how predator behaviour can provide vauable information on
the functiond relaionship between prey disperson and predator performance. It dso gave some
indication of the spatial scales a which studies of predator/prey interactions should be undertaken.

4.17 In generd, the scaes assumed for the spacing of swarms and patches agreed with those
scales identified from acoustic measurements of intersvarm distance.  Such differences as observed
might aso arise from assumptions underlying the observationa methods (e.g., the extrapolation from
the chord length of a swarm detected on a transect to the true Size of the swarm in three dimensions).
To correspond to the scale of the swarm, the sampling interva in such acoustic studies needs to be
around 10to 15 m.
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4.18 A vaiogram of biomass estimates (g.m?2) from a survey aso contains information on spatia
dructure. This provides an dternative method of andyss of spatid scae which does not require any
identification of swvarms.

4.19 Some studies (e.g., WGEMM-95/87) have indicated that predators do not aways exploit the
highest dengities of prey concentration in an area. At present little is known about the methods that
predators use to search for krill. However, an understanding of such behaviour requires surveys of
krill digtribution concurrent with detailed tracking and observation studies of predators. Both sets of
studies must ke undertaken a the same horizonta and verticad scde. The use of large research
vessdl's was often ingppropriate for such studies. The Working Group fdt that nove gpproaches and
techniques utiliang, for ingance, Remotely Operated Vehicles (ROVS) or echosounders mounted on
amd| launches need to be investigated.

4.20 The collection of spatid information from acoustic survey and predator data may assd in
deriving a compodite index of krill abundance which takes account of distribution and abundance of
krill & small scaes.

4.21 Paper WGEMM-95/23 suggested that in years when little krill was avallable to predators the
character of swvarms within patches, rather than the overal number of swarms, may change. Such an
observation could be investigated through examination of acoudtic data a a scade that resolves
individuad svarms.

4.22 The Working Group concluded that fine-scae studies of krill and predator distribution were
important in understanding spatid sructure that could be used in the desgn of surveys a a locd
scde aswdl asin the study of predator/prey interactions.

4.23 The presence of a subgstantid amount of myctophid fish was observed usng midwater
trawling nets and acoustics beyond the Elephant Idand shelf in the 1994/95 season (WGEMM-95/87).
Data from acoustic surveys were used to describe a scattering layer found between 150 and 200 m
depth in the day, shdlower at night, which may be atributed to these fish (WGEMM-95/58).

4.24 The importance of the width a the northern boundary of the coastal water mass to
congderation of krill flux was recognised. This factor influences the current speed and volume
trangport in the coasta areas to the north of Elephant Idand where krill tend to be abundant (WG
EMM-95/58). When the front existed further south close to Elephant Idand, the coasta water mass
was relatively narrow and the current speed high, and vice versa. Buoy-tracking observations (WG
EMM-95/49) confirm earlier observations presented a the Workshop on Evauating Krill Flux Factors
(Ws-Fux) (sc-caMLR-X111, Annex 7, Appendix D) suggesting the existence of a mechanism (oceanic
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currents) for krill transport from the South Shetland Idands to the South Orkneys and to South
Georgia.

4.25 Thefindings in these papers and of ws-Flux emphasised the need for further consderation of
krill flux. It is clear that the amount of krill in an area a any one time will be a function of the
gdanding stock size and the flux. Thus, the fact that krill in asingle area are less aundant in one year
than another may not be sufficient to conclude that the krill stock Sze has dso decreased. Similarly,
differencesin krill dengtiesin adjacent areas do not necessarily imply different stock abundances.

4.26 Inlight of the above, the Working Group encouraged further research on krill flux and other
issues associated with the spatid ditribution of krill.

Standing Stock

4.27 Papers WGEMM-95/15, 74 and 75 were tabled and important new information was identified
asfollows.

4.28 Acoudtic surveys indicated that krill density at South Georgia and the South Orkney Idands
was extremely low (1.7 and 10.7 g.m? respectively) in the 1993/94 season, compared with
previoudy published FIBEX dendity estimates (59.7 and 82.8 g.m? respectively, WG-EMM-95/75).
However, Dr Fedoulov noted that a strong seasond pattern was apparent in CPUES of the Russan
krill fishing fleet between 1974 and 1990 which suggest seasond variaions in the abundance of krill
around South Georgia WG-EMM-95/69). He emphasised the necessity to describe exactly when in
the season dendty estimates have been made. In response it was noted that there was additiond
evidence of low krill abundance from the breeding success of land-based predators and prey
switching by mackere icefish, which normally feed on krill. Furthermore, krill @bundance was lower
in the South Shetland Idands in the 1993/94 season.

4.29 The possbility of a decline in krill abundance from the 1977-83 period (higher mean density
with a large range) to the 1985-94 period (lower mean dendty with asmaler range) was suggested
for the Antarctic Peninsula region, based on the 16-year span of net sampling data (WGEMM-95/15).
This matter is discussed further in paragraph 4.43.
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Recruitment

430 Papers WGEMM-95/15, 18, 55 and 58 were tabled and important new information was
identified asfollows.

431 In WGEMM-95/15 it is suggested that recruitment success of krill is relaed to searice
conditions during the preceding winter season, the timing of krill spawning, and the occurrence of
dense sdp concentrations.  The importance of this information for ecosystem assessment and
fisheries operations was recognised. Recent poor recruitment from spawning in 1991/92 and
1993/94 seasons was noted, together with probable good recruitment success from spawning in the
1994/95 season.

4.32 Kirill 9ze compodtion in the Bdlingshausen Sea (Subarea 88.3), which was one of
the lesser-dudied regions of the Southern Ocean, was found to be smilar to the krill
stock composition in the South Shetland region (Subarea 48.1) in the 1993/94 season (WG-EMM-
95/18). This finding suggests tha the actua krill 9ze compaosition and the recruitment of krill are
amilar over awider spatid scae than just within Subarea 48.1.

Interannua and Within-Season Variability in Digtribution,
Standing Stock, Recruitment and Production of Harvested Species

4.33 Seven documents were tabled and discussed (WG-EMM-95/15, 18, 23, 53, 55, 58 and 69).

4.34 Paper WGEMM-95/58 suggested an interannud difference in the timing of pesks of seasond
abundance and in the timing of spawning activity. Peeks of abundance, maturation and spawning in
the 1994/95 season occurred earlier than generally observed in the Elephant Idand area.

4.35 CPUE data from the Russian krill fishing flegt for the period 1974 to 1990 were used to
demondtrate seasond and interannua variability of krill abundance in Subarea 48.3 (WGEMM-95/69).
Maxima occurred in March, followed by a decline until October. The interannua variation of CPUE
was high. As an example, zero CPUES in both 1978 and 1984 were followed by high cPUESin 1979
and 1985.

4.36 Large year-to-year variability in krill recruitment around Elephant Idand was reveded (WG
EMM-95/15).
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4.37 It was noted that in dl those papers, attempts were made to seek correlation between krill
biologicd indices and environmentd parameters.  The reaults of this were amilar in the
above-mentioned papers. reationships were indicated between recruitment, krill size indices and
Sea-ice conditions.

4.38 Paper WG-EMM-95/53 demonstrated the relationship between sea-level air pressure gradients
in Drake Passage and krill recruitment varigbility. Years of high and low pressure differences
coincided with the years of good and poor krill recruitment respectively.

Precautionary Catch Limits
Condderation of the Use of the FIBEX Survey for Cdculation of B,

4.39 At last year's meeting, WGKrill caculated a revised precautionary catch limit of 4.1 million
tonnes for krill in Area 48. At the following Scientific Committee meeting, two basic views were
expressed. One basic view was that the revised precautionary catch limit of 4.1 million tonnes
should replace the exiging value of 1.5 million tonnes. An dterndive view expressed by some
Members was that there was no need to revise the overdl precautionary catch limit of 1.5 million
tonnes. The Members holding the latter view consdered that the catch limit caculated by wGKiill
used an estimate of krill biomass based on data (SC-CAMLR-XIl1, paragraph 5.40):

‘() collected in 1981 and therefore outdated and of no practical use; and
(i) possbly collected during ayear in which the krill biomasswas high.’

4.40 The Working Group discussed these two concerns. The caculations of precautionary yidd
do not assume that the estimate of biomass from a survey has a pre-specified relaionship to the
median unexploited biomass of the ock. By using information on the variability in recruitment and
an edimate of the variance of the krill biomass estimate, the krill modd produces datidtical
digtributions of the biomass of krill in the absence of exploitation, and as affected by various levels of
exploitation.

441 These datidicd digributions include dl of the possble relationships between the estimated
biomass and the true median unexploited biomass that are consgstent with the recruitment variability
incorporated in the modd, as well as with uncertainty in the abundance estimate and demographic
parameters. Thus, if the assumptions of the modd are not substantialy violated, the possibility thet
the biomass was high in the survey year is taken into account in caculating the precautionary catch
limit. One of the assumptions of the modd used to date is thet the Satistical digtribution of krill
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biomass in the absence of exploitation is independent of time. Therefore, as long as this assumption
is not violated, it does not matter that the abundance estimate is from data collected in 1981.

Condderation of Recruitment Datafor Area 48

442 If ardiable time series of estimates of proportiond krill recruitment were available, it could
be used in the krill modd to condition the Statistical digtribution of unexploited biomass, and thus
improve the cdculation of the precautionary catch limit.

4.43 Paper WGEMM-95/15 presented a time series of R recruitment estimates' for a portion of
Subarea 48.1 from reasonably comparable net haul surveys conducted in most years from 1977 to
1994. In principle, these data could be used to condition the statistical distribution of the unexploited
biomass usad in the cdculation of the precautionary catch limit. The R esimatesin WGEMM-95/15
were not aways consstent with related estimates obtained by wG-Krill (SC-CAMLR-XI11, Annex 5,
Appendix F). However, the estimates from WG-Krill used deta from outside the region analysed in
WGEMM-95/15. The esimates in WGEMM-95/15 ds0 gave a subgtantidly lower vaue of average
recruitment proportion than was obtained by wakrill usng dl of the avaladle data from the
Antarctic a large. However, the estimates in WGEMM-95/15 were not caculated using the maximum
likelihood estimation method used by wacirill (delaMare, 1994%). In addition, the calculations
involved the excluson of some observetions which the authors had classfied as outlie's. The
Working Group agreed that to be used for input to the krill modd, the estimates would need to be
recdculated usng the maximum likelihood method using the data set including the outliers, for both
R, and R,. These recdculations could not be carried out within the time available at the meeting.

4.44  The other difference between the wWG-Krill recruitment estimates and those reported in WG-
EMM-95/15 lay in the geogrgphical region over which the data had been pooled. The key issue in
deciding on the extent of pooling is whether the pooled data will provide a representative sample of
the length frequency digtributions of the underlying population. Thisis an issue that must be resolved,
not just for this data set, but dso for others, such as the extensve length frequency data from
predator diet samples.

445 Specification of the gppropriate degree of pooling in the net haul data was assgned
to asubgroup. The results of its ddliberations are taken up under Agenda Item 7(vii) (paragraphs
7.107 t0 7.118).

*  TheR, recruitment rate is the proportion of animals of agei in the population in that year.

> delaMare, W.K. 1994. Estimating krill recruitment and its variability. CCAMLR Science, Vol. 1: 55-69.
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4.46 The hypothedsthat recruitment is correlated with the extent of ice cover in the previous year
could lead to serid correation in recruitment if there are trends or cyclesinice cover over time. The
krill yiddd modd can be modified to dlow for the incluson of serid corrdation in recruitment. The
possibility of such serid corrdation in existing recruitment data should be investigated.

447 Atits last medting, wGKrill had identified further investigetions to be carried out in examining
the sengitivity of the krill yield modd to possible corrdlation between naturd mortdity (M) and von
Bertdanffy growth rate (k). Thiswork has not yet been completed.

448 Summarisng the preceding discussons, the Working Group indicated that the following
aress needed further work.

e Both an index of abundance based on net sampling and a time series of recruitments
suggest that 1981 (the year in which B, was estimated) may have been ayear of high

abundance (WGEMM-95/15).

Usng the time series of proportiond recruitments in the modd may dlow the
recaculaion of the didtribution of unexploited biomass so that this possibility is reflected
more explicitly. Commercid length frequency data should be examined to provide
qualitative confirmation of any variations in recruitment. Population trgjectories obtained
from the krill modd using the recruitment index can be compared with the net sampling
abundance index.

»  Recruitments may exhibit serid correlation.
Time series of recruitments should be analysed for serid corrdation.

4.49 The Working Group developed a plan (Appendix D) for completing the analyses in time for
its next meeting. A steering group convened by Dr Agnew and congigting of Prof. D. Butterworth
(South Africa), Drs de la Mare, Hewitt, V. Loeb (Usa) and V. Siegel (Germany) would correspond
to complete the required analyses.

450 The Working Group agreed to condder revison of the precautionary catch limits as results
of these studies become available.



Congderation of Uncertainty in the Variance of B,

451 Paper WGEMM-9572 suggested that the variance in the B, etimate may have been
underestimated because of uncertainty ariang in the use of the acoustic gear (paragraph 4.10), and it
was suggested that the possibility of any further improvements to the variance estimate of the 1981
survey result should be investigated.

452 Inredion to possble improvements of the variance estimates for the 1981 survey, concern
was expressed that these data had dready been subjected to extensve andysis and it was unclear
whether high priority should be given to yet further re-andyss.

453 The Working Group agreed that the effects of additiond uncertainty arisng from the random
component of measurement errors associated with the use of acoustic gear (paragraph4.12) could
be examined via sengtivity tests carried out a this meeting, usng increased vaues of survey
coeffidents of variation in the krill yidd modd.

454 Basad on the edimates of the additiond variability for surveys conducted in the Elephant
Idand area as cited in WGEMM-95/72 (additiona random error with cv around 23%), runs of the krill
yiedd modd with survey cvsincreased from the current 30% to 40% were undertaken. Resultsfor a
cv of 50% were aso computed.

455 Theresults of the runs of the krill yield modd are shown in Table 1. Therun s, = 0.4 yields
the following results, according to the decision rules developed by wG-krill: (i) g, (the probability
that spawning biomass fdls below 20% of its pristine leve, after 20 years, should not exceed 10%)
=0.140; (i) g, (median gpawning biomass should not fal beow 75% of its prisine levd after 20
years) = 0.116; and (iii) g (choose the lower of g, and g,) = 0.116.

456 Insummay, g, was sendtive to the increased survey estimate cv, but g wasnot. Thefind
vaue of g to be used in determining the precautionary catch limit under the three decision rules
currently being used for krill was the lower of the two vaues that were indicated by the two
gpawning sock biomass criteria. As it was the median spawning stock biomass criterion (g,) that
led to the lower vaue of g, it followed that the precautionary catch limits from the krill yield model
were insengtive to the increased levels of survey estimate cv within the likely range.

457 TheWorking Group agreed that in view of these findings, it was not necessary to attempt re-
andyss of the FIBEX dataamed at improving the variance estimate of B,
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Subdivison of Precautionary Limit

458 Given the agreement to condder the revison of the precautionary catch limit caculations for
Area 48 a its next meeting, the Working Group was unable to offer further advice on subdivison of
the precautionary limit to statistica subareas until the possible revison of the area limit has been
considered.

Future Work

459 Concernswere raised during discussions under Agenda ltem 4(iv) (paragraphs 4.39 to 4.57)
concerning the continued use of the ABEX survey data as an estimate of B, in the krill yield modd.

Although one specific concern about survey variance had been addressed in paragraph 4.6, the
Working Group discussed a number of other concerns and examined whether it would be desirable
and feasible to conduct a new krill biomass survey of Area 48.

4.60 The Working Group agreed that the question of whether there should be a new biomass
aurvey in Area 48 could be broken down into two related questions. (i) is there a need for a new
survey; and (i) what resources would be necessary to carry out such a survey? Issues regarding
survey design were acknowledged to affect the second question and have been addressed in
paragraphs 4.3 to 4.9.

4.61 There was agreement that a new hydroacoustic survey of Area 48 would be desirable. The
main arguments in favour of anew survey were;

. there were technological and methodologica problems associated with the collection
and andyss of the ABEX data;

. there was inadequate survey coveragein Subarea 48.3 during FAIBEX;

. there is biotic and abiotic evidence to suggest that there have been changes in the
environment of the South Atlantic Snce the FIBEX survey,

. technology and survey design have advanced substantidly since ABEX; and

. anew survey could be designed specificdly with the krill yield mode in mind.



4.62 Two papers conddered the question of required resources WGEMM-95/71, which
described atime budget for a survey of Area 48 and wG-EMM-95/43, which described atime budget
for the survey of Divison 58.4.1 planned for the 1995/96 season.

4.63 Paper WG-EMM-95/71 set out a draified random desgn having four dratar  the South
Shetlands area, the South Orkneys area, the South Georgia area and one stratum in the oceanic area
not contained in the other areas. The drata were sdected on the basis of historica patterns of krill
fishing, differentiating between idand and oceanic areas, and on Strata derived from the ABEX data.

4.64 RABEX and AMLR data were used to determine the ship-time required to survey the area at
expected levels of cv. Precison improves as survey effort is increased, but gains for effort levels
exceeding three ship-months are smdl. The paper concluded that a single research vessd can
achieve reasonable precison (cv < 0.25) by expending one to two months of survey effort.

4.65 Incontragt, the ABEX survey in Area48 took some 12 months of ship-time.

4.66 Paper WG-EMM-95/43 indicated that the collection of oceanographic data in Divison58.4.1
would add 43% to the ship-time required for the acoustic and associated net sampling survey.

4.67 TheWorking Group concluded that a new survey of krill in Area 48 could be achieved with
a moderate expenditure of ship-time, and therefore encouraged the development of plans for a
survey in Area48.

DEPENDENT SPECIES

Review of Members Activities

51 Members CeEMPreated activiies are summarised in SC-CAMLR-XIV/BG2 Rev. 1
Participants at the present meeting provided brief reports on their recent and current activities as part
of CEMP (Appendix E).

Sites

52  Members were asked to report on the initiation of CEMP research a new dtes and on
changesin CEMP research at existing Sites.
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5.3 Dr E. Franchi (Itay) reported that a joint Itdian/Austrdian biologica research program on
Adédlie penguins began at Edmonson Point, Ross Sea region, during the 1993/94 season (WG-EMM-
95/47). Members noted the importance of theinitiation of this research.

54  Dr P. Wilson (New Zealand) reported on New Zedland research activities in the Ross Sea
which are closdly related to CEMP gods. Monitoring of the size of some of the southernmost Adélie
penguin breeding colonies on Ross Idand has been carried out regularly since the 1960s, and for al
other coloniesin the Ross Sea since 1981.

55  Dr Mehlum reported that Norway plans to establish a CEMP Ste and initiate research on
chingtrap penguins, macaroni penguins and fur seds at Bouvet Idand during the 1996/97 season.
Possible logistic cooperation with South Africais hoped to improve access to the Site,

5.6  Dr Agnew introduced a report from the Norwegian Foundation for Nature Research (NINA)
to the Scientific Committee which summarised recent work on Antarctic petrels at Svarthamaren,
Dronning Maud Land. The NINA group enquired if it was possible to register the location as a CEMP
Ste.

5.7  The Working Group noted that the work undertaken by the NINA group represented by far
the most detailled study yet undertaken on the population dynamics and foraging performance
(including body condition) of this species, which is one of those origindly sdected as a priority for
CEMP.

5.8 The Working Group indicated that it would be very happy to accept Svarthamaren as a
CEMP monitoring site if so proposed by Norway. It noted that a doctord thesis on the work,
referring to most of the published and in-press papers arising from research at this Site, isheld in the
Secretariat library. 1t was suggested that the NINA group might consider what data from their study
would be suitable for submisson to CEMP, in the light of the draft methods proposed in paragraph
5.41.

59  Dr Kery reported that data will be collected on CEMP parameters for Addie penguins near
Casey Station during the 1995/96 season only. This program, as well as ajoint French/Austraian
program & Dumont d' Urville Station, is being conducted in association with a krill survey being
conducted by Austrdiaand will provideinitia data on predator/prey relationships.

5.10 Dr R. Holt (Usa) regretfully reported that the us would be closing the Sedl 1dand CEMP Site
due to safety considerations. Limited research may be conducted during the 1995/96 season.
Other sites will be congdered during the next year with the intent of establishing a new dte for us
research on predator/prey relaionships the year after.
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511 A report on South African research activities indicated that various CEMP methods continued
to be utilised in studies of gentoo and rockhopper penguins at Marion Idand. Furthermore, the land
and marine zones of the Prince Edward Idands (Marion and Prince Edward Idands) are in the
process of being proclamed as a Specid Nature Reserve under South African law.  This
development will heighten the idands  conservation status and will require the continued collection of
datalikely to be of interest to CEMP.

5.12 It was recommended that other Members conducting research on CEMP indicator species
should contribute appropriate datato CCAMLR and in particular to the CEMP database.

5.13 There was no information on the satus of the management plan for the Antarctic Specialy
Managed Area (ASMA) a& Admiraty Bay, King George Idand. The plan, submitted by Brazil and
Poland, had been referred to CCAMLR-Xi11, which provided suggestions for consideration.

CEMP Standard M ethods

Exigting Standard Methods

5.14 Trandations of revisons to the sandard methods are dmost completed and documents will
be digtributed to Members in the near future. Small changes arising from discussions at this meeting
will be incorporated.

5.15 The standard methods were reviewed briefly. Comments were made on procedures only as
noted below.

516 Method Al - adult weight on arrivd at breeding colony. For Procedure A it was noted that
it was not dways possble to obtain weight data at the time of first arriva of the birds to breed.
Since the weights of birds arriving later are often less than those of the firg arrivas, the results are
biased. It was suggested that a potentid additional procedure under this method would involve
ather relating weights to a fixed point in the breeding chronology (eg., egg laying) and/or involve
weighing a thistime. Dr Trivelpiece indicated that he had collected data on interannud variation in
Adédlie penguin weights a egg laying and offered to analyse his results, as a potentid adternaive
means of examining variahility in early-season condition among Addlies. The results of his andyss
will be submitted for inspection by the Working Group at next year' s meeting.
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5.17 Method A5 - duration of foraging trip. Paper wG-EMM-95/46 suggested that there may be
conggtent gender differences in foraging trip duration, feeding locdities and diet of breeding Adédlie
penguins a Béchervaise Idand, Prydz Bay and Edmonson Point, Ross Sea region. Femae penguins
tended to make longer foraging trips than maes, ranged greater distances more frequently, and
consumed larger quantities of krill, especialy when their chickswere small. Mades tended instead to
make shorter journeys to closer foraging grounds during the guard period and fed more extensvely
on fish throughout chick rearing.

518 It was noted that information collected usng Method A5 would be advantageoudy
presented in five-day periods and, if possible, related to the mean or median dates of laying and
creching and to the sex of the parent bird being studied. This would require modification to the data
submission form so that Members could report datain the appropriate way.

519 To addressthistopic it was decided that a subgroup chared by Dr Kerry and including Drs
Agnew, Boyd, Trivelpiece and G. Kooyman (UsA) should work intersessondly. The Working
Group should present for consideration by a Subgroup on Monitoring Methods and/or next year's
megting of WGEMM suggestions for improvements to (i) monitoring protocols; (i) data submisson
requirements, and (iii) presentation of the data.

5.20 Method A6 - breeding success. It isnot necessary to count adults as part of Index A6c and
reference to this was deleted from the text of the standard method. It was noted that Procedure C
does not reflect breeding success. Ingtead it records chick fledging success, i.e. chicks fledged per
chicks hatched. It was agreed that this information may gill be useful and should continue to be
reported.

521 Method A8 - chick diet. Paper WG-EMM-95/32 provided a detailed method for obtaining
gomach samples from penguins by gadric lavage. The Working Group thanked Dr J. Clarke
(Augtrdia) for preparing this paper which had been requested by WG-CEMP (SC-CAMLR-XI1I, Annex
6, paragraph 4.30).

5.22 The Working Group agreed that the text on gadtric lavage of penguins should, with minor
modifications, replace the exigting text in the standard method under General Procedures -
Procedure A, paragraph 3. It noted, however, that although the technique was in common use,
severd important dements of the technique had been subjected to little if any critical examination.
Thisis especidly the case where physiologica effects (e.g., of cold versus warm water and/or fresh
versus sdt water) are involved. Members were therefore requested to report their experiences of
using the present technique and also to assess the effects of different methodologies, particularly by
using experimental techniques.

26



5.23 The Working Group noted that there had been two Audrdian studies on the effects of
gastric lavage on the survival of Adélie penguin chicks (Robertson, 1994°%; Clarke et al., 19947). No
evidence was found which showed that the collection of somach samples once only during chick
rearing from one member of a pair of adult Addlie penguins adversdly affected the surviva or weight
a fledging of their chicks. Sudies were not conducted on the effects of the collection of more than
one sample from the same bird in a season. These findings support the accepted view that gadtric
lavage s currently the most humane method of procuring samples from Adélie penguins.

5.24 Paper WGEMM-95/32 suggested that the present method of preparing scomach samples for
andyss might not consstently exclude excess water before determining the wet weight of the sample
or its components. The Working Group noted the problem and encouraged Members using
congstent techniques to specify these in areport to the next meeting so that appropriate advice could
be incorporated into the method.

5.25 Paper WGEMM-95/32 noted that the contents of the first lavage from birds (compared with
the remainder of the somach contents) contained a high proportion of neritic organisms which
suggested that these had been obtained opportunigticaly by birds on their return to the colony from a
foraging trip. The paper therefore cautioned againg the use of the higtorica published informeation
for Prydz Bay where the food from a bird was reported from only one lavage without checking if the
stomach had been emptied. As a genera point the paper suggested that CEMP congder modifying
method A8 to report the contents of the first and subsequent lavages separately.

5.26 The Working Group noted that the CEMP methods currently specify the use of lavage until
the somach is empty. The topic of subdividing the somach sample prior to analyss would require
further discussion and should be referred to a Subgroup on Monitoring Methods.

5.27 Paper WGEMM-95/32 raised the question of whether birds with empty stomachs should be
considered when reporting data on diet. Given the observation that in 1994/95 known breeding
birds were returning to Béchervaise Idand with empty stomachs (WG-EMM-95/33), it was agreed that
such birds should be recorded in the comments field on the data reporting sheet. How such data
should be incorporated into the caculation of indices should be considered by a Subgroup on
Monitoring Methods. The further point raised by the paper that stomach samples should be
reported only for known breeding birds with chicks should aso be consdered. Dr Wilson noted

Robertson, G. 1994. Effects of water-offloading techniques on Adélie penguins. Journal of Field
Ornithology, 65(3): 376-380.

Clarke, J. and K. Kerry. 1994. The effects of monitoring procedures on Adélie penguins. CCAMLR Science,
Vol. 1. 155-164.
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that sampling birds after they were actudly observed to return to ther chick was the only way to
ensure this, but that it was time consuming and not dways logisticaly possble.

Sexing Addlie Penguins

5.28 Ddails of amethod for sexing birds by timing of incubation are provided in Appendix 2.3 of
CeEMP Standard Methods. This method was developed at Béchervaise Idand. In WGEMM-95/45
evidence was presented from Prydz Bay and the Ross Sea region which suggests that this method
may be applicable to Addie penguins & other Sites.

N ew/Potentid CEMP Methods

At-sea Behaviour

529 At its 1994 meeting, WG-CEMP began the process of developing indices of predator foraging
performance based on at-sea behaviour for incluson in the monitoring program (SC-CAMLR-XIII,
Annex 6, paragraphs 4.15 to 4.23). In the intersessond period, draft standard methods of
atachment of ingtruments to penguins (WGEMM-95/65) and for the measurement of at-sea behaviour
(WGEMM-95/36) were produced by Drs Trivelpiece and Boyd respectively.

5.30 The Working Group approved the genera scope and content of these drafts. It noted that
the attachment methods text needed critica review by sed biologists and suggested that the draft
could aso be reviewed by the scCAR Group of Specidists on Seds and the SCAR Bird Biology
Subcommittee a their meetings in July 1996. The text on measurement of at-sea behaviour might
need modifying once more gpecific proposas for indices to monitor at-sea behaviour were
developed at a proposed workshop (Sc-CAMLR-XI11, paragraph 6.20).

5.31 Thisworkshop was scheduled to be held in 1996. However, Dr Boyd, the Convener of the
ad hoc subgroup charged with organising the workshop, reported that because the other members of
the subgroup had been unable to attend the meeting planned during WG-EMM, no progress had been
made with the plans for the workshop, the choice of venue and the terms of reference (beyond those
dready formulated in SC-CAMLR-XI11, Annex 6, paragraph 4.22).

5.32 The Working Group regretted that progress had not been made on this important topic. In
the circumstances it saw little option but to recommend postponing the meeting until 1997, requesting

the Scientific Committee to carry forward the gppropriate financid provison from the 1996 to the
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1997 budget. Dr Boyd was asked to investigate potentia venues for the meeting as a matter of
priority, to review the terms of reference as appropriate and to consult, viathe CCAMLR Secretariat,
with potentid participants as soon as possible.

Crabeater Sedls

5.33 Crabeater seds have been regarded as of primary importance for CEMPSnceitsinceptionin
1985. However, despite field research on crabeater sedls in recent years, no proposas for standard
methods (and thereby for the provision of datato CEMP) have been made.

5.34 Therefore, the Working Group welcomed the report (SC-CAMLR-XIV/BG11) of the SCAR
Antarctic Pack Ice Sedls (APIS) research project, arisng from a planning workshop in Sesttle usa,
partly funded by ccamLR. Dr Boyd, a member of the SCAR Group of Specidists on Seds which
had planned the project, sated that over the next five years the APIS program ams to promote
studies on the gatus of Antarctic pack-ice sed populations and the role they play in the Antarctic
marine ecosystem. By encouraging scientists from various nations and scientific disciplines to share
resources, to collaborate on multidisciplinary projects and to identify and utilise centres of specidised
andytica expertise, the APIS program seeks to build a cooperative, multinational science program.

5.35 Although concern was expressed that the report of the recent APIS workshop (SC-CAMLR-
XIv/BG11) had little explicit reference to CCAMLR’ s interest in relevant data on crabeater sedls, it was
recognised that in previous APIS documents (e.g., SC-CAMLR-XI11/8), explicit reference had been
made to the needs of CCAMLR.

5.36 Dr Boyd dso noted thet it was implicit that aspects of the program will assigt substantidly in
the provison to cCAMLR of advice on the status of Antarctic sedls. In addition, APIS intends to
produce a number of recommended standard methods for studies which are likdly to be gpplied
across research platforms within the Antarctic. The Working Group encouraged the development of
these methods and asked that, where appropriate, consgderation be given to the development of
gtandard methods which were aso of direct relevance to CCAMLR.

5.37 Members should be encouraged to support this important program. The Working Group

conddered that careful condderation ought be gvenby APIS to the collection and andysis of data
relevant to theams of CCAMLR in generd and of CEMPin paticular.
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Antarctic Fur Sedls

5.38 It was noted above that demographic data for Antarctic fur seds a South Georgia collected
by consgent® methods from 1984 to 1994 had been submitted by the UK to CCAMLR
(WGEMM-95/26). In order to assst other Members collect, andyse and summarise Smilar data, it
was important that the methodologies in WGEMM-95/26 be developed in the form of a standard
method. Drs Boyd and Croxall offered to undertake this task.

5.39 Inaddition, the provison in WGEMM-95/28 and 29 of extensve data on the diet of Antarctic
fur seds a South Georgia indicates that it should be posshble to develop standard methods for
dietary studies of this species. Drs Boyd and Croxal offered to do this task.

540 For some time WGCEMP had been requesting invedtigation of potentid methods of
incorporating condition indices into monitoring sudies. Dr Boyd presented WGEMM-95/21, which
compared the use of body mass, body mass corrected for length and bioelectrica impedance
measurements for assessing body condition (in terms of tota body water and tota body lipid
determined by hydrogen isotope dilution) in adult femae Antarctic fur seds. Biodectrica impedance
gave the poorest correlations, whereas body mass done gave the best ones.

Petrels

541 Dr Mehlum introduced WG-EMM-95/86, which described draft standard methods for fulmarine
petrels. The draft was a first step in describing standard methods for population sze, breeding
success and annud surviva and recruitment in the Antarctic petrel. The Working Group welcomed
this effort and asked that the draft be circulated to relevant experts for comments and passed to a
Subgroup on Monitoring Methods for consderation a a future meeting.

542 Lic. R Casaux (Argenting) summarised WGEMM-95/85, which presents data on the diet
(obtained by lavage) of cape petrels a Laurie Idand, South Orkney Idands. Euphausia superba
was the predominant prey species in the samples; uropod, exopodite and telson length were used to
edimate body length. The Working Group suggested that this technique and the Satidtical
relationships presented (see aso Nicol, 1993°%) should be included in a draft of standard methods for
studying the diet of fulmarine petres and might be relevant to diet studies of other predator species.

8  Consistent refers to the use of the same method throughout the collection of atime series of data where the

method may differ from a CEMP standard method or relate to a CEMP parameter for which standard methods
have not yet been developed.

Nicol, S. 1993. A comparison of Antarctic petrel (Thalassoica antar ctica) diets with net samples of Antarctic
krill (Euphausia superba) taken from the Prydz Bay region. Polar Biology, 13: 399-403.



Lic. Casaux agreed to prepare adraft of methods for analysis of petrel diet samplesfor discussion at
the next meeting of wG-EMM and/or a Subgroup on Monitoring Methods.

5.43 Dr Agnew reported thet, following the tabling last year of WG-CEMP-94/24 (SC-CAMLR-XIlI,
Annex 6, paragraph 4.13), Dr JA. van Franeker (Netherlands) had provided the Secretariat with a
copy of hiscomputer program for use in sex-discriminant andys's of seabirds.

Gadtric Lavage

544 The Working Group noted that recent communication with Dr A. Vet (Universty of
Washington, UsA) indicated that he was prepared to provide text reating to the use of lavage for
obtaining stomach samples from abatrosses and petrels. The Secretariat was asked to continue the
didogue with aview to having amethod available for consderation at the next meeting of WG-EMM.

5.45 Discussion of the use of this gadtric lavage technique on penguins is included in paragraphs
5.21t05.27.

Diseases and Pollutants

546 Last year Drs Kerry and Clarke were asked to prepare procedures for the collection of
diagnogtic samples if and when an outbresk of disease or a paragitic infedtation is observed in a
seabird colony (see SC-CAMLR-XIII, paragraph 6.18).

5.47 In response to this request, Dr Kerry presented WG-EMM-95/44 which outlines methods for
the collection and preservation of samplesin the fidld for later examination and andlysis by veterinary

pathologists.

5.48 The Working Group welcomed these ingtructions and recommended that they be circulated
to Members for use in the interim pending a more detalled examination by appropriate specidigtsin
Member countries. The Working Group agreed that comments should be forwarded to Dr Kerry
who would prepare a revised document for consideration by a methods subgroup and/or at the next
meeting of WGEMM.

549 The Working Group endorsed the recommendation that scientists conducting fied studies
should consult with veterinary pathologists before going into the fidd to ensure that, if needed,
urgent anadyss of samples is possible and that any specid sampling requirements of the laboratory
can be accommodated. The recommended list of equipment to have on hand in the field was noted.
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550 WG-CEMP (SC-CAMLR-XIII, Annex 6, paragraph 4.42) had noted that, in the event of an
outbreak of disease or increased infestation, there may be interest in whether any contaminant or
pollutant contributed to the outbresk and suggested that consultation with Prof. Focardi be
undertaken to ensure sample collection procedures for disease include those necessary for post hoc
testing for contaminants.

5,51 Dr Franchi, in collaboration with Prof. Focardi, presented details of such collection methods.
It was agreed that a revised verson of these indructions be gppended to WG-EMM-95/44 and
circulated for comment as suggested in paragraph 5.53 below.

Condusions
5.52 In conddering these methods, the Working Group agreed that research involving their use
has progressed to the point where a detailed revison of al methods should be consdered. This
review would determine whether they are yielding the precise information required by wGEMM and

whether their usefulness could be improved by modification or by the development of new methods.

5,53 The Working Group therefore suggested that a Subgroup on Monitoring Methods be
established to:

() drculate the existing proposals for changes to current methods and proposals for new
ones, to al Members and to the SCAR Group of Speciaists on Seds and Bird Biology
Subcommittee for comment and suggestions for improvement;

@) invite dl Members and the SCAR Group of Specidists on Seds and Bird Biology
Subcommittee to suggest new methods (with accompanying documentation wherever
possible) relevant to CEMP objectives,

(i)  arrange ameseting to review the responsesto (i) and (ii) above; and

(iv) condder developing plans for acomprehensive review of methods.
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Indices

Data Submisson Review

554 Seven Members have so far submitted data to the CEMP database (WG-EMM-95/12 Rev. 1).
Argentina submitted data from 1988 to 1990. Additiona data from Argentina for the 1993/94 and
1994/95 seasons were delivered to this meeting by courier.

5.55 Audrdiasubmits data annudly for Béchervaise Idand and sporadicaly for Magnetic Idand.

5.56 Brazil submitted datafrom 1990 to 1992 from Elephant Idand but the predator programisin
abeyance.

5.57 Chile has submitted data on pup growth from Cape Shirreff for 1993/94 and 1994/95, the
latter conforming to the standard method, as stated in WGEMM-95/77.

5,58 The uk has now completed submission of al historicd data (except on diet) on penguins
from Bird Idand. Annud data submisson continues for Bird Idand and Signy Idand. The tabling of
WGEMM-95/26, which describes the demography of fur seds a South Georgia and provides full

quantitative data on birth, mortality and recruitment rates of pups and pregnancy and surviva rates of
adult femdes, effectivdy congtitutes submisson of these demographic data to CEMP. The
methodologicd detals in the paper will need some modifications in order to serve as the text of a
standard method (see paragraph 5.38).

5.59 Itay has submitted datafor 1995 from the new Ste at Edmonson Point, Ross Sea. The new
activity being conducted there was warmly welcomed by the Working Group, as was the vauable
addition to the database, as there has not been any earlier data submitted from this region.

5.60 The continuing absence of Japanese data on Addie penguin population size for the Syowa
dation area was noted. Dr M. Naganobu (Jgpan) offered to make enquiries with colleagues in

Japan.

5.61 The usA has submitted data from Anvers Idand from 1990 to 1995 and Sedl Idand from
1988 t0 1995. Some data for Seal Idand are missing from the database for 1995 because technica
difficulties have ddayed the submisson. Dietary data (A8) are dso missng from 1992 and 1993 as
they are dill being processed. The UsA was strongly encouraged to submit historicad data from
Anvers Idand and particularly dl the rdlevant long-term data on numerous penguin parameters from
the monitoring Ste at Admiraty Bay, King George Idand.



5.62 Penguin data collected by New Zedand in the Ross Sea following CEMP methods were
described by Dr Wilson. Submisson of these data to the CCAMLR database was strongly
recommended by the Working Group which, together with the new Itaian data, would be a vauable
addition from a part of the Antarctic continent for which there are no CEMP data.

5.63 The Working Group looked forward to the CCAMLR database receiving data from the
planned Norwegian research program a Bouvet Idand and, if possble, from the recent dudies at
Svarthamaren.

5.64 TheWorking Group requested that data from the South African research program at Marion
Idand on gentoo penguins (a CEMP indicator species), collected usng CEMP Standard Methods, be
submitted to the CCAMLR database. This represents an extension to the existing scope of CEMP
(because gentoo penguins at Marion Idand do not depend primarily on prey species on the current
list of those selected by cCEMP). Datafrom rockhopper penguins a Marion Idand are not digible for
submission at present because this speciesis not currently a selected CEMP indicator species.

DaaAnayss and Presentation

565 It was recdled that in 1994 wWGCEMP encountered a number of problems in the
interpretation and presentation of the CEMP indices, which prevented wG-CEMP from making the
trangtion from a quditative to a quantitative assessment of indices and trends (SC-CAMLR-XII1, Annex
6, paragraphs 5.6, 5.7 and 7.7). It was recommended that the Subgroup on Statistics meet
intersessondly to:

()  confirm that gppropriate anaytic and statistica methods were being used; and
(i)  improve the presentation of the indices.

Severd Members of the subgroup met in Cambridge, UK, in January to consider these problems.

566 Dr Agnew presented the report from the meeting of the Subgroup on Statigtics
(WGEMM-95/10). New software (usng Microsoft Access) had been developed to make the
graphica presentations (WG-EMM-95/12 Rev. 1 and 14 Rev. 1) more easlly understood. The new data

compilation included three parts.

()  anintroduction and summary of dl indices by ste and species (WGEMM-95/12 Rev. 1);



(i) tables of results with associated datistics and indications of datisticaly sgnificant
differences between years for dl parameters within sites (WGEMM-95/13 Rev. 1); and

()  figures of indices depicting trends at Stes between years (WGEMM-95/14 Rev. 1).

5.67 It was noted that the graphs should be studied in conjunction with the tables of reaults, asthe
scaes used in the presentations may tend to imply datidicaly sgnificant differences where none
exis, and vice versa. The Working Group wished to convey ther thanks and appreciation to
Dr Agnew for his consderable efforts in improving the andyses and presentations in WG-EMM-95/12
Rev. 1and 14Rev. 1.

5.68 The Working Group reviewed the predator data and indices for further technica comments
relaing to andyss and presentation.

5.69 Index Al - penguin weight at arriva. A suggested improvement would be the production of
afrequency digribution, which could be done easly with the new software.

5.70 Index A3 - penguin breeding population Sze. Two colonies, TO14 and TO16 from Pamer
Station (UsA), are no longer counted because they are too large to count accurately. They should
be deleted from the database.

5.71 Dr Agnew observed that there were instances where colonies being monitored year to year
split or codesced and when this occurred they were given new identification names or codes without
the Secretariat being advised. Dr Agnew stressed the importance of reporting population numbers
for the same group of penguins each year. Members reporting data were therefore requested to
note any changes to the colony structure and names and, where necessary, illustrate such changes
with amap or diagram.

5.72 Index A5 - penguin foraging trip duration. The separation of data into brood and creche
stage was discussed. It was agreed that this was appropriate and that some of the apparent inter-
and intra-annud variaion in the data for Adélie penguin rates to different foraging strategies. It was
noted that a frequency distribution presentation of the data would be useful for the andyss of this
index but would require data to be submitted appropriately.

573 Index A8 - chick diet. There were no technicd comments on the data andyss and
presentations of A8; however, there was a paper submitted (WG-EMM-95/32) with suggested changes
to the methods which had been discussed earlier (see paragraphs 5.21 and 5.22).



5.74 Index C1 - fur sed cow foraging trip duration. The graphica presentation of data from Bird
Idand was migtakenly based on the data from Sed Idand; this was corrected during the mesting.

575 Index F2 - sea-ice percentage cover. The new methods of presentation were very helpful
for examining patterns in these data.

5.76  There were no technica comments offered for indices not addressed in the above section
(eg.,A2,A4, A7,Bland C2).

Data Interpretation - Ecosystem Assessment

577 Tables 2 and 3 were passed out to members who were asked to update their respective
data submisson summaries and add the 1994/95 data on status and trends to the interannual
summaries of parameters at sites. The interpretation of the 1994/95 data was then undertaken.

5.78 Dr Trivelpiece noted that dl penguin data for the Antarctic Peninsula area (Subareas 48.1,
48.2 and 48.3) in the 1994/95 season indicated better breeding success but decreased populations
compared with 1993/94. In contrast, data from Béchervaise Idand in the Prydz Bay region
indicated catastrophic breeding results.

5.79 Dr Kerry reported that at Béchervaise Idand and the idands within a 5km radius, dl
penguin chicks died within three weeks of hatching. Evidence suggested that dtarvation was the
mgor cause. Foraging trip durations were longer than previous years and birds foraged further
afidd, up to 170 km (compared with 110 km), and returned with little or no krill. The spatia extent
of the absence of krill is not known, but may be limited. Birds at colonies 57 km to the west and
169 km to the east gppeared normd for the corresponding stage of the breeding cycle. Full details
are provided in WGEMM-95/33.

5.80 Dr Kery noted tha there was some evidence during spring that emperor penguin chicks at
the Auger Colony aso may have been affected by a lack of krill. This colony, is located
approximately 65 km to the east of Béchervaise Idand. At Taylor Colony, gpproximately 50 km to
the west of Béchervaise, hedthy chicks were observed when visted in mid-January. It was
concluded that the abosence of krill was localised to the north and east of Béchervaise Idand and that
this affected dso the presumably krill-dependent prey of emperor penguins.

5.81 Dr Boyd noted that a Bird Idand, South Georgia, the 1994/95 season seems to have been
characterised by normd krill availability. The reduction of the breeding population of gentoo
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penguins and Antarctic fur seds a Bird Idand, in spite of good indices for reproductive success,
probably reflected that breeding success had been exceptiondly low in the preceding year. The
reduction in the macaroni penguin population (which had sustained average breeding performance in
1993/94 despite having to switch its diet from krill to Themisto) aso probably reflected the unusud
conditions at South Georgiain 1993/94.

5.82 The pattern at Signy, of 1994/95 breeding populations of Adédlie and chingtrap penguins
ggnificantly reduced from recent leves, may dso reflect low food avalability (WGEMM-95/75) and
rather poor reproductive performance in 1993/94. Additiondly or dternatively, these fluctuations at
Sgny may reflect the effects of variation in prey avalability mediated through ice conditions in the
Antarctic Peninsula area (WGEMM-95/15, 63 and 64).

5.83 Dr Croxdl explaned that the substantid reduction in the number of black-browed
abatrosses breeding at the study Ste in 1994/95 was due to very late and heavy snow fal preventing
the breeding population from nesting. The importance o linking this kind of information to the data
gppearing in the CCAMLR database was emphasised. The information should be noted both at the
time of submission of the data and at the appropriate meeting where the data are discussed.

5.84 Dr Boyd noted that fur sed pup growth indices indicate faster growth a Sed Idand than at
Bird Idand, a matter which merits further investigation. A possible explanation may be that due to
the small gze of the colony a Sed Idand, the same pups are weighed more frequently there.
However, Dr Croxdl recdled that in the 1970s the Bird Idand data vaues were higher than in more
recent years, S0 that other explanations, perhaps rdating to ecologica effects of population size, may
be involved.

5.85 Dr Trivelpiece roted that the Adéie penguin data from Pamer Station reflected a pattern
consstent across al Antarctic Peninsula area Sites: good breeding success but reduced population
gze. Kirill 9ze dassss (large) and foraging trip duraions (long) show sgnificant correlation with ice
patterns and krill habitat preferences (WGEMM-95/64). Dr Holt noted that the overal trend
described for the other Antarctic Peninsula Sites was evident at Sed Idand.

5.86 Dr Franchi reviewed the new Itdian data from Edmonson Point thet, for the firgt time,
included a complete set of parameters; therefore no trend analysis was possble. The Working
Group looked forward to the possibility of following trends in this new area. She aso informed the
Working Group that ecotoxicological and disease sudies were undertaken at the Ste. The udies
are expected to continue for a minimum of three years.
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Dependent Species Links with Harvested Species and the Environment

The Overlap Between the Fishery and Foraging by Dependent Species

5.87 The importance of continued invedtigation and anayds of the nature and sgnificance of
overlap between the location of krill fisheries and the foraging areas (and food requirements) of krill-
dependent predator species during their breeding season was re-emphassed in SC-CAMLR-XIII,
paragraphs 7.8 to 7.16. This interaction is currently assessed during the criticad period-distance
(cPD), which is currently taken to be a range of 100 km from breeding Stes over the period
December to March.

5.88 The Data Manager had, as requested, continued to caculate overlap between the location of
krill fishing and the predator cPD. The summary of the results of analyss of the 1994 data, together
with previous assessments, was presented in WGEMM-95/41.  This paper was presented in a new
gyle and format, congstent with those for the CEMP predator indices. The Working Group thanked
the Data Manager for hiswork and for the much improved presentation.

5.89 It was noted that where the percentage of totd catch reported by fine-scale data was less
than 50%, these data have not been included in the analysis presented in WGEMM-95/41. In generd,
however, more than 75% of the catch was reported at fine scae. Furthermore, consderable
historica data had been provided this year by Japan. The Working Group thanked Japan for its
great efforts to provide so much vauable data. For the first time results for Divison 58.4.2 were
included. A smilar presentation for Divison 58.4.1 was not included because details of the penguin
coloniesin this area were unavailable a the time.

5.90 The overdl picture in Subarea 48.1 was of a progressive reduction in the percentage catch
within the cPD from 90 to 100% in the late 1980s to 60 to 70% in recent years, with a reductionin
the totd catch in the cPD in 1993 and 1994. In Subarea 48.2 thereis no clear pattern, but the catch
in 1993 and 1994 was much reduced compared with previous years and the percentage of catch in
the cPD was less than 20% (compared to 40 to 50% in the previous two years). For Subarea 48.3,
catches and overlap in the cPD were very low because the main krill fishery takes place in the winter.
In Divison 58.4.2 (Prydz Bay region), catches were small but the percentage of catch in the CPD in
recent years was high (60 to 80%).

5.91 Mr Ichii explained that one reason for some of the recent reduction in the fishery/dependent
species overlgp within the cPD in Subareas 48.1 and 48.2 was that more fishing was conducted
outside the critical period for predators. Thiswas because of logistic congraints on the timing of the



fishery imposed by the need for the vessas involved aso to fish in areas adjacent to the Convention
Area.

5.92 It was recollected, however, that the existing cPD concept was only ale of a suite of
potentid critical periods for predators. There are clear indications that the March to May period
may be equdly critica for the surviva of fledgling penguins in some regions, and aso suggestions that
winter (June to September) may be an important time for the surviva of adult sedls and penguins.

5.93 Mr Ichii pointed out that no account is taken of the Sze and didribution of colonies in the
caculations of the cPD. He aso suggested that the cPD ought to be weighted by the distance of the
fishery from colonies of different Szes (wG-Joint-94/8 and 17).

5.94 However, it was noted that these issues may be of importance only if there is no flux of krill
in the areas under consideration (see SC-CAMLR-XIII, Annex 7, paragraph 4.3).

5.95 Dr Kerry noted that Addie penguins at Béchervaise Idand regularly forage during the entire
breeding season between 100 and 120 km from the coast, and that during the past season they had
foraged up to 170 km from the coast WG-EMM-95/46). He suggested, therefore, that the critica
distance should be extended to at least 125 km for Divison 58.4.2.

596 It was agreed that both the concept and the detail of the cPD needs to be criticaly
re-examined in the light of new data on the foraging ranges of predators, fishing grounds and the
times of year a which predators are particularly vulnerable.  Such a discusson should be a high
priority a the next meeting of WGEMM.

5.97 The Data Manager reported that in 1995 there had been a substantia increase in the catch of
krill by Ukrainein Subareas 48.1, 48.2 and 48.3 (see paragraph 3.2). In view of this, it was thought
advisable to review the overlap between fisheries and dependent species as soon as possible, and
the Data Manager was asked to provide relevant information for this year's meeting of the Scientific
Committee.

5.98 As a contribution to the continuing research aimed at assessing potentia overlap between
predators and the krill fishery in the vicinity of Sed Idand, Mr Ichii introduced WGEMM-95/87. This
described the results of assessments of krill and fish abundance (from acoustic surveys) in relation to
the foraging journeys of chinstrap penguins and Antarctic fur seds tracked by VHF radio (and satdllite
tags) during the incubation and early offsoring rearing periods. Krill dengties were higher over the
shelf areas and lower in offshore areas where fish (principaly myctophids) were a high dendty and
available a night within the depth foraging range of penguins and fur seds. The individua predators
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actually tracked, however, travelled to areas wel offshore during incubation/early pup rearing
(December) and aso offshore, dbeit closer to Sedl Idand, in January. The propengty for chinstrap
penguins and Antarctic fur sedsto travel to offshore areas might reflect that:

()  krill were present at shdlower depths throughout the day, and therefore more easly
detected and caught;

(i)  krill tended to be larger in size; or
(i)  myctophids were available to predators at night.

The avallability of myctophids was regarded as the key dement determining the foraging strategy of
predators which incorporated an overnight period into their foraging trip (i.e,, al fur seds and some
chinstrap penguins).

5.99 The Japanese and US scientists were congratulated for undertaking such a complex, intensive
and productive research project. However, it was noted that the key role of myctophids in the
foraging Strategies of chingtrap penguins and fur seals was, a this sage, Smply inferred fromdataon
prey abundance and predator location (and these from very smal numbers of individuds) and
unsubstantiated by any data on predator diets. Furthermore, existing data on the diet of chingtrap
penguins from Sedl 1dand indicate that fish have only comprised more than 1% by mass of the diet in
one year (1994: %) of the five years for which data are available WGEMM-95/13 Rev. 1). All
published dietary data for chingrap penguins from the South Shetland and South Orkney I1dands
indicate that krill is their main prey (more than 90% by mass); thus, even if myctophids were
important in the diet of chingtrgps at Sed Idand in January 1995, this could, at present, be regarded
as a locd effect only. Andogies were drawn with the Stuation a South Georgia from which
macaroni penguins and Antarctic fur seds regularly trave through inshore krill concentrations
(exploited by species such as gentoo penguin) to shelf-dope and offshore areas (where myctophids
are abundant) to feed dmogt exclusvely on krill. Caution was urged in drawing conclusions from the
data presented in WGEMM-95/87, at least until quantitative dietary data from the tracked predators
and for the chinstrap penguin and Antarctic fur sedl populations a Sed Idand in January 1995 are
avalable.

Subarea and Local Consumption

5.100 A key dement in the assessment of krill fishery/dependent species interactions is knowledge
of the food requirements of predators. WG-CEMP had undertaken considerable work in developing
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appropriate energy budget modds for the main predator groups (phocid sedls, fur sedls, penguins)
and providing estimates of energy and/or krill consumption for some or dl of these groups in
appropriate areas (SC-CAMLR-XIII, Annex 6, paragraphs 6.3 to 6.6).

5.101 It was aso noted that a current proposa relating to potentia precautionary measures (e.g.,
WGEMM-95/17) is based on estimation of the food requirements of predators. It was recommended,
therefore, that a comprehensive compilation of data regarding diets, energy budgets and foraging
ranges/aress of top predators in the Convention Area be maintained and updated annually, together
with gppropriate information on andogous modelling exercises for other ecosysems. Members
were requested to make such information avallable to WGEMM.

5.102 Paper WG-EMM-95/22 reported new data on activity-specific energetics of gentoo penguins,
and WG-EMM-95/28 and 29 provide new quantitative data on summer and winter diet of Antarctic fur
sedls a South Georgia. Dr Boyd tated thet he was currently developing a generic pinniped energy
budget modd and would be conddering the sengtivity of its resultsto vaues of demographic
variables. Dr Trivepiece reported that a modelling exercise (WG-EMM-95/66) amed at developing an
energetic model for Adélie penguins, as part of alarger icelkrill/dependent species modd, is planned.
Papers WG-EMM-95/46 and 87 contained vauable data on foraging ranges of penguins and fur sedls.

5.103 Data on actud foraging areas covered by Antarctic fur seds and chingtrap penguins from
Sed Idand, obtained from shipboard radio telemetry and satellite tracking, are summarised in WG
EMM-95/87 (See also paragraphs 5.98 and 5.99).

Relationships Between Dependent Species
and Other Ecosystem Components

Moddling Functiona Relationships

5.104 The background to this topic is reviewed in SC-CAMLR-XIIl, Annex 7, paragraphs 4.19 to
4.30. At that meeting, specific problems had been highlighted about interpretation of the data used
in the moddls. This resuted in the darification of severd issues relating mainly to whether surviva
data for predators had been interpreted correctly. The joint meeting had encouraged further
development of the modedsin the light of this new information.

5.105 The Working Group considered WG-EMM-95/39 and 42 which described progress with the
development of modeling functiona relationships between indices of predator recruitment/surviva
and krill abundance. Initialy, only those aspects relevant to the predator data were discussed.
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5.106 In WGEMM-95/39, substantia progress was reported towards achieving aredidtic result from
the mode for the black-browed dbatross. Allowing different juvenile and adult survivd ratesin the
modd had led to a subgtantiad improvement in redism. The current modd assumes that the
population is sable, dthough thisis not the case, as noted in WG-CEMP-94/44, and does not explicitly
incorporate data on laying rate.

5.107 Specific steps to be taken in extending the mode for black-browed albatross are detailed in
Appendix F(@. The most important of these are to re-estimate parameters to reflect the observed
decline in the population over the 1976 to 1989 period, rather than to assume that the population is
stable, and to incorporate laying rate data within the calculation of fecundity rate.

5.108 Further moddling of Antarctic fur sed functiond reaionships incorporating the full set of
data on survivd rates had been less successful because of an additiona problem with the data (WG
EMM-95/39). A rate of population increase of +3.4% per annum was the maximum that could be
achieved by the mode even though there was evidence of an actud increase of +10% per annum.
However, it was pointed out that:

(i) there are wide confidence limits on the current annud estimates of both adult femae
surviva and pregnancy rates,

@) survivd rate will be underestimated by the current methods of measurement in
Antarctic fur sedls. This is because estimated adult emigration (currently assumed to
be negligible) and correction for tag loss rate will be, if anything, on the low sde.
Further, age-dependent mortality factors are likely to have affected the surviva rate of
the study population more than that of the South Georgia population as awhole; and

(i)  the rate of increase in the sudy population (though not in the whole South Georgia
population) has decreased throughout the study period (it is currently stable). The
study population from which these data are derived is not a closed population and it is
not known how representative it is of the whole South Georgia population of Antarctic
fur sedls.  In these circumgtances, the current fit given by the modd may be much
better than the authors of WG-EMM-95/39 thought. Further dscussons may now be
required to determine the best way to proceed.

5.109 Specific geps for further developing the modd for the Antarctic fur sed are liged in
Appendix F(b). Because tag-recapture estimates of adult surviva rate are biased downwards when
used to represent the population as a whole, an additional parameter is to be introduced into the
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modd to adjust these estimates so that the modd population is adle to achieve the growth rate of
some 10% per annum observed in the recent past for the overdl population.

5.110 For Addie penguins (WGEMM-95/42), amodel had been developed which alows for lower
adult surviva rates in the year of firgt breeding and the possibility that breeding may be deferred one
year if conditions are poor. However, the fit of the modd to a time series of annud estimates of
breeding population sze was unable to reproduce as much interannud variability as the data suggest.
As afurther development of this modd, variable annua adult surviva could be incorporated instead
of usng afixed vaue as a present. It was dso pointed out that there is interannua variation in sub-
adult surviva and this may have to be incorporated in the modd.

5.111 The planned modifications to the Addie penguin modd of WGEMM-95/42 are described in
Appendix F(c). Theseinclude dlowance for first breeding to occur over a wider range of ages and
for annud variation in the firs year survivd rate.

5.112 Implementation of the steps outlined in Appendix K@ and Fb) should dlow find
caculations for the present form of the krill/dependent species model to be presented at the 1996
mesting of WGEMM for two species, the black-browed albatross and the Antarctic fur sedl. The
Adédie penguin modelling exercise is more complex and may therefore require a further iteration a
the 1996 meseting before results of possible rdevance to management recommendations from this
approach become available for this species.

5.113 The Working Group endorsed the future work described above. It noted that this work
should at present be confined to the three species mentioned, but encouraged extension of the
gpproach to other species and Sites as possible and gppropriate. Extension of the approach would
depend on the availability of appropriate demographic data and it is important that these contain
edimates of the measurement error associated with the empirical estimates of the population
parameters.

Krill Sdectivity by Predators

5.114 At the 1994 joint mesting, cdculations involving the length digtributions of krill in predator
diet data had been requested because the results of the krill yield estimation modd were particularly
sengtive to the age-dependence in krill natura mortdity (SC-CAMLR-XI11, Annex 7, paragraphs 4.34
and 4.35). In response to this, sats of krill length frequency didributions from minke whae,
crabeater and Antarctic fur seal, Adédlie, chingtrap, gentoo and macaroni penguin and white-chinned



petrel stomach samples had been sent to Prof. Butterworth and Miss R. Thomson (South Africa) for
them to attempt to assess the effects of this age dependence.

5.115 The reaults of an illudrative andyss, usng data on minke whaes from Mr Ichii, crabeater
sedls from Dr J. Bengtson (Usa), Addlie penguins (Lishman, 1985™) and white-chinned petrels
(Croxall et d., 1995"), are summarised in WG-EMM-95/40. Prof. Butterworth pointed out that most
of the krill lengths in the data sets supplied showed that predators were taking a low proportion of
krill from age classes <3 years. Sincethe krill yield modd is more sendtive to mortdity in the early
age classes of krill, which these sets suggest to be poorly represented in the diet of the predators, he
questioned whether continuing with this gpproach was worthwhile. However, questions were raised
about the sdlection of those data sets examined in WGEMM-95/40. The meeting felt there was
evidence from severa of the submitted data sets and various other studies (eg., WG-EMM-95/28, 29
and 64) that krill of <3 years of age (<44 mm) were taken regularly by predators consuming large
quantities of krill.

5.116 If krill naturd mortdity is to be inferred from the length digribution of krill consumed by
predators, then further requirements would include: (i) representative data on the length frequencies
of krill taken by al mgor krill predators; and (ii) estimates of the proportion of the total consumption
of krill by each species. The Working Group agreed that: (i) for most mgjor predators diet and/or
scat samples provide representative data on the length frequency of krill they eet; and (ii) adequate
estimates of proportionate krill consumption could be provided. However, concern was expressed
about how easy it would be to obtain fully representative length frequency didtributions, because of
the effects of different spatio-temporad scaes of sampling.

5.117 TheWorking Group noted that concern about the sengtivity of the krill yield modd results to
age dependence in krill naturd mortality had been based on cdculations for which naturd mortdity
was changed for krill of ages0, 1 and 2. However, subsequent practice has been to base estimates
of krill recruitment variability and naturd mortaity on krill length frequency data for age 2 and above
only. This means tha the yield mode results become independent of vaues assumed for krill natura
mortaity for ages 0 and 1. Given the difficulties of developing predator dietary data into the form
necessary to attempt to estimate age dependence in krill naturd mortdity, the Working Group
agreed that the sengtivity of the krill yiedld modd results to this dependence should be re-examined
for ages 2 and above only, prior to possible further anadysis of the dietary data.

10
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5.118 In preparation for further work on thistopic it will beimportant to assess biasesin krill length
frequency data derived from predators. Members able to compare krill length frequency data from
net hauls with data derived from predator diet samples taken at times and places smilar to the times
and places of net hauls were asked to make such information available to the next meeting of WG
EMM.

Other Approaches

5.119 Dr Trivelpiece presented an andlysis of the relationship between Adédie penguin fledgling
surviva (1981 to 1991 cohorts), population changes (1977 to present) and pack-ice cycles (WG
EMM-95/63). The analyses reveded that cohort surviva was independent of ice cycles, however, the
relatively congtant survival rates from 1981 to 1986 (mean 22%, range 20 to 24%) declined
ggnificantly to a mean of 10% (range 5 to 14%) for the 1987 to 1991 cohorts. Lagging two years
behind this change in cohort survivd, the Adéie populaion a Admirdty Bay dedlined from
approximately 10 000 to 5 000 breeding pairs. Furthermore, analysis of krill length frequency from
Adédlie diet samples (1974 to present; WG-EMM-95/64) and pack-ice cycles (WGEMM-95/62) revealed
a conggent pattern of relaionship between krill length frequencies and pack-ice cycles. These
papers suggest that the reduction in the frequency of winters with extensive pack-ice hasresulted in a
decrease in krill recruitment, and hence biomass, in the region, which in turn has led to changesin the
survivd, recruitment and population size of Addie penguins.

5.120 The Working Group recognised the sgnificance of this work and the importance of testing
the conclusons and hypotheses therein.  Andyss of additiond time series of data on krill length
frequencies from predators in gppropriate areas and of other relevant demographic data for penguins
(especidly data on chingtrgp penguin surviva and recruitment rates from Sed Idand) was strongly
recommended.

5.121 Methods are aso being developed to examine indices of varigbility in the spatial structure of
krill swarms from data on the foraging time budgets of Antarctic fur sels WGEMM-9523). This
paper concluded that, during 1990/91 at South Georgia, when fur seals seemed to have reduced
food availahility, there appeared to be no reduction in the frequency a which seals encounter krill
swarms but the quality of those swarms as foraging patches for fur seals may have been reduced.

5.122 While welcoming this development, Mr Ichii asked if there were concurrent acoustic data to
provide an independent test of the ideas expressed in the paper. Unfortunately there were no such
data. Mr Ichii noted that, from his recent experience in work around Sedl 1dand, fur sedls appeared
to swim continuoudy through krill swarms rather than feeding on a sngle svarm for along period of



time, as suggested by Dr Boyd's andlyss. In response, Dr Boyd suggested that, because of the
gmadl gpatio-tempora scales (0.18-0.27 km and 1.3-1.36 km) involved in fur sed feeding, it would
be difficult to infer, by casud observation, the precise behaviour of fur seds engaged in travdling and
foraging and that one could easily have the impresson that animals were travelling continuoudly.

5.123 Paper WGEMM-95/75 reported some data from 1993/94 on comparisons of acoustic
estimates of the abundance of krill and other zooplankton in the South Georgia and Signy Idand
aeas, which were consgtent with avalable data on predator reproductive performance.
Interpretation of these relationships would have been improved by dietary data from penguins a
Signy and more detailed data on non-krill zooplankton distribution and abundance at South Georgia,
but this could not have been foreseen as a desrable objective at the time the acoudtic study was
planned.

5.124 It was emphasised that it was important to collect data on distribution and abundance of
predators and prey from sSmilar times and places. Data on the population structure of prey from
predators as well as on prey populations directly, should aso be collected in asimilar manner.

Ecosystem Assessment

5.125 The data requirements to develop drategic models for ecosystem assessment were
reviewed. For dependent species the only sources of integrated data on population size, adult
survivd rate, reproductive rate and recruitment are:

Subarea48.3 - Antarctic fur sed (South Georgia)
Black-browed abatross (South Georgia)

Subarea48.1 - Addieand gentoo penguin (King George Idand)

Subarea48.1 - Addie penguin (Pamer)

Divison 58.4.2 Adédlie penguin (Béchervaise)

Higtorica data covering dl the above variables are available for Adélie penguins at Cape Crozier
and crabester sealsin Subarea 48.1.

5.126 A vaiety of sudies are providing regular or annud time series of dataon some or dl of: diet
(including prey population structure), foraging range and foraging performance and these arelisted in
Table4.



Research Relating to Non-krill Harvestable Resources (Scope of CEMP)

5.127 The background to thisitem is set out in Annex 6 of SC-CAMLR-XIII, paragraphs 9.1 t0 9.8,
and sCc-CAMLR-XII, paragraphs 6.34 to 6.40.

5.128 In response to the Scientific Committee' s request for relevant information and proposas for
monitoring and related research initiatives the meeting consdered the implications of papers tabled
this year and information consdered in previous years.

5.129 In the padt, these contributions have mainly rdated to: (i) a need within CEMP to know if
CCAMLR intends to undertake monitoring and/or coordinated directed research (e.g., including on
dependent species) on Pleuragramma antarcticum; (ii) the potentia for coordinating the
collection, andyss and interpretation of data on interactions between certain fishegting (and
posshly even squid-eating) species and ther prey.  The man fisdrbased dependent
speciesharvested species interactions discussed at the present meeting related to blue-eyed shag,
king penguin and Antarctic fur sedl.

5.130 Lic. Casaux presented a review of recent Argentinian research investigating in detail the
consumption (in terms of number and biomass) of coada fish gpecies by blue-eyed shags in
Subareas 48.1 and 48.2 (WGEMM-95/78, 79, 81, 82 and 83). The fish gpecies represented in the diet
agreed, even in redive importance, with those sampled by means of conventiond fishing gear
(gilltrammd nets) and included harvested and harvestable species. He aso presented a draft of a
methodological proposa for monitoring changes in coadtd fish populations by analyss of pelets
(WGEMM-95/84). This method could be a very effective means of detecting both short- and long-
term variations in fish populations, which should have condderable interest for CCAMLR.

5.131 The Working Group welcomed these developments and noted that the fish consumed by
blue-eyed shags include juveniles of species (such as Notothenia rossii) which have been harvested
in the past and whose current status in Subareas 48.1 and 48.2, where there is currently no
commerdd fishing, isof much interest to CCAMLR.

5.132 It was noted, however, that it may be important to try to clarify: (i) the Szes/ages d
commercidly exploitable fish gpecies eaten by shags, and (i) any biases inherent in the use of shags
as sampling agents for these Sze categories of the fish population.

5.133 For king penguins a South Georgia, WGEMM-95/27 provides detailled quantitative dietary
data for three consecutive summers demondtrating that, like king penguins at dl sub-Antarctic idands

so far sudied, they depend dmost exclusively on adiet of myctophids.
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5.134 Dietary work on this species, in conjunction with the use d sadlite tracking, time-depth
recorders (TDRS) and other ingruments is dready providing much information on the dynamics of
interactions between king penguins and their prey (Jouventin et a., 1994'%). Many of these data
could be of relevance to CCAMLR in terms of obtaining information on aspects such as reldive
abundance and digtribution within and between years of a group of fishes which has been subjected
to condderable harvesting in some subareas and for which relaively few biologicad data from the
fishery are currently avalable.

5.135 Papers WGEMM-95/28 and 29 include the firg full quantitative data on the compostion (by
numbers and biomass) of the fish diet of Antarctic fur seds. In breeding femades in three consecutive
summers a South Georgia the fish dement of the diet was smal and mainly comprised ice fish and
notothenioids early in the pup-rearing season (December/January) and myctophids later on
(February/March). In contrast, the winter diet of mae fur seds in two consecutive years at South
Georgia contained subgtantidly more fish, mainly conssing of Champsocephalus gunnari. The
gze of the fur sed population and the estimated potential consumption of C. gunnari is such that this
predation may have a Sgnificant influence on the dynamics of the South Georgiastock of C. gunnari
- which is of consderable interest to CCAMLR as an extensively harvested resource.

5.136 The Working Group suggested that it was becoming increasingly important for CCAMLR to
condder fisrbased dependent species/harvested species interactions in its ddiberations and to
congder appropriate mechanisms for coordinating studies and eva uating results.

ENVIRONMENT

Generd Environmentd Andyses

6.1 A number of papers reported on directed studies amed at understanding particular physca
environmenta processes or characterising variability.

6.2 Paper WG-EMM-95/16 conddered water mass digributions in the Elephant Idand area
utilisng a Conductivity Temperature and Depth probe (CTD) survey. The frontd varigbility of the

2 Jouventin, P., D. Capdeville, F. Cuenot-Chaillet and C. Boiteau. 1994. Exploitation of pelagic resources by a
non-flying seabird: satellite tracking of the king penguin throughout the breeding cycle. Marine Ecology
Progress Series, 106; 11-19.



region was highlighted and the Working Group recommended the compilation and andyss of
available higtorical data sets.

6.3  Thispoint was further developed in wWG-EMM-95/67 where historica data have been analysed
to generate a regiona description of the oceanographic regime in the Antarctic Peninsula area
dlowing congderaion of the variability. The importance of Circumpolar Deep Water (CDW) in
influencing the production systems of the area was emphasised.

6.4  Thevaue of such areview of higorica data was clear and the Working Group considered
that the issues of access to such data and the facilitation of anayses should be reviewed.

6.5 Papers WG-EMM-95/61, 62 and 80 report on the analyses of long-term, large-scale dimate
and sexrice data sets. These papers emphasise the strong links between the ice, ocean and
amospheric sysems. They adso highlight that there are important regiond differences in the
operaion of the physical systems as well as strong inter-regiona connections. Interannud variability
was consdered and possible trends or patterns examined. Understanding of the underlying physica
processes involved remains incomplete.

6.6  Theecologicad importance of such variability was recognised and this theme was devel oped
extendvdy in WG-EMM-95/62. The paper emphasses that the ice/ecosystem link was highly varigble
in the Antarctic Peninsula region and that the high interannua variability was not spatidly consgent in
the area.

6.7  One paper (WG-EMM-95/52) developed on aspects discussed at Ws-Flux (SC-CAMLR-XIII,
Annex 5, Appendix D) last year and reported on the development of a coupled physica-biologicd
numerical model of the Southern Ocean ecosystem. The paper reported on a three-dimensiond
regionad modd of the King George Idand/Livingston Idand area.

Prey-based Analyses of Environmenta Data

6.8 Papers WG-EMM-95/4, 19 and 49 reported on aspects of current flow influence on krill
digtribution, building on information obtained at Ws-Flux last year.

6.9 Generd concepts of krill flux were discussed in WG-EMM-95/19 which emphasised the
importance of krill biology when congdering the generation of krill digributions usng current
systems. Paper WG-EMM-95/4 reported on a restricted-area sudy of short-term changes in the
digribution of krill in relation to current flows.
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6.10 Paper WG-EMM-95/49 reported on an extendve multidisciplinary study of environment and
krill digtribution. Agpects of current flows and krill flux were examined using drifting buoys tracked
by the ARGOS satdllite system. The data emphasised that the South Shetlands area was one of high
retention. Transfer of buoys released from the South Shetland area across the Scotia Sea occurred
athough the tracks followed were highly varidble. The time-scde for transfer to the South Georgia
vicinity was of the order of 150 to 200 days.

6.11 Theexecution of amultidisciplinary cruise congdering krill flux, reported in paper WG-EMM-
9550, used a wide range of environmenta logging sysems induding CTD, Expendable
Bathythermography (xBT), Acoustic Dopler Current Profile (ADCP) and Remotely Operated Vehicle
(ROV).

6.12 A number of sudies consdered interannud variaion in krill recruitment. Pgper WG-EMM-
95/15 used data on ice concentration, duration and other ice indices. Links to surface water
temperatures were a so considered.

6.13 The Working Group noted the vaue of such studies and, redisng the long-term planning
required in developing such studies, emphesised the continued need for such data as highlighted by
WS-Flux.

6.14 The correation between climate and krill recruitment was examined in WG-EMM-95/53. This
paper investigated sea-level pressure data as an indication of atmospheric systlem behaviour. The
effect on krill recruitment was consdered to operate through links between the atmospheric-ice and
ocean systems.

6.15 Kiill recruitment and ice cover was dso consdered in WG-EMM-95/55 which used the
extensve Japanese fishery data set for the South Shetland region and linked this to seerice extent.

6.16 Agpects of icelocean/recruitment relationships were andysed in WG-EMM-95/69 using data
from the central Scotia Sea.  This paper consdered links between cPUE from the Russan fishery
data and atmospheric, oceanographic (sea surface temperature (SsT)) and searice varidbles. Links
between the physicd variables were examined in detall.

6.17 Paper wG-EMM-95/58 reports on the results of a workshop on the tempora changes in the
Antarctic Peninsula region.  This brought together a range of extensve data sets on both biotic and
abiotic components of the ecosysem. The recommendations of the workshop emphasise the
importance of good oceanographic data for addressing the question of mesoscae digtribution of
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prey. Data utilised included cTD, nutrient didributions and chlorophyll a concentrations. The
importance of variability in water mass distributions was emphasised. One transect with five gations
on 55°W was occupied gx times from early December 1994 to late February 1995 north of

Elephant 1Idand. One of the important findings is the north- south movement of the oceanic fronta

zone varying about 15 n miles, which might influence the krill flux and distribution. Nutrient depletion
was found as the season progressed, probably associated with phytoplankton species succession.

6.18 Paper WG-EMM-95/18 reported on a specific sudy on the digribution and biological
characterigtics of krill in the Bellingshausen Sea.  These data were discussed in relation to other
€cosystem components.

6.19 Paper wG-EMM-95/54 reports on amultidisciplinary study which included analysis of sdp and
chlorophyll a distributions and concentrations in relation to water mass effects.

6.20 An invedtigaion of goatid distributions of krill CPUE (WG-EMM-95/51) emphasised the
importance of bathymetry.

6.21 A study from an area outsde the CCAMLR region on euphausid species in Japanese waters
(WG-EMM-95/48) was reported.  Didributions were linked to current system fluctuations and
oceanographic regimes.

Integrated Ecosystem Andyses of Environmentd Data

6.22 A number of papers reported on mesoscale studies of predator/prey interactions.

6.23 Paper wG-EMM-95/87 conddered penguin foraging and included hydrographic observations.
The need for bathymetric data was emphasised.

6.24 Paper wG-EMM-95/60 reported on the AMLR program and emphasises the multidisciplinary
nature of the cruises. The paper highlights the effort required to carry out detailed ecosystem
anayses of mesoscde variability.

6.25 A proposa for a fully integrated oceanographic/biologica program was described in WG
EMM-95/43.

6.26 A number of papers discussed the interannud variability of various aspects of predator
biology in relation to environmenta variation.
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6.27 The effect of environmentd variation on pregnancy rates of fur sedls in reldion to time of
year and food availability was discussed in WG-EMM-95/24.

6.28 Papers WG-EMM-95/28 and 29 considered the diet of fur seals and emphasised the potentia
importance of interannud variahility in the peagic system.

6.29 Paper WG-EMM-95/33 reported on penguin degths in the vicinity of Mawson and emphasised
the need for understanding environmentd variation.

6.30 Links between penguin recruitment and environmenta variation were examined in paper
WG-EMM-95/63. Penguin recruitment was linked to ice-extent data and interannud variability in krill
recruitment. Further aspects of this study were developed in WG-EMM-95/64 and 66.

6.31 Paper wG-EMM-95/31 reported on a meeting which consdered large baeen whaes in the
Southern Ocean. Various ecosystem interactions were consdered at the meeting and large-scae
surveys suggested.

6.32 Paper WG-EMM-95/66 proposes a moddling study developing coupled biologica-physca
modds of the krill/penguin/ice/ocean system as a method for developing understanding of ecosystem
operation.

Data Reports

6.33 Papers WG-EMM-95/11 to 14 report the CEMP and other data sets compiled by the
Secretariat. Physica datainclude arange of sea-ice indices for arange of locations.

Condderation of Future Environmentd Data Requirements

6.34 Paper wG-EMM-95/20 highlights genera aspects of environmental monitoring programs in the
Antarctic and aspects of data management.

6.35 The Working Group emphasised that the studies considered here cover a wide range of

topics and scales. It consdered that carefully focused questions were required to clarify what types
of environmental data and analyses were needed to meet the objectives of WGEMM.

52



6.36 A proposa for the development of standard transects was discussed. It was noted that
various nations were developing standard transects. The Working Group was aso reminded that
programs such as the World Ocean Circulation Experiment (WOCE) were aready undertaking such
gudies. Links to such programs would need to be consdered once the questions on environmental
data were clarified.

6.37 The Working Group was reminded that an earlier meeting of WG-CEMP had generated a
table identifying the environmenta data requirements of that group (SC-CAMLR-V, Annex 6, Table
6). The Working Group recognised that many of the subjects shown in the table had undergone
important developments since 1986 and noted that a more detailed scheme hed been proposed by
Dr Fedoulov.

6.38 A generd table was produced which incorporated the information in SC-CAMLR-V, Annex
6, Table 6 and Dr Fedoulov's suggestion (Table 5). It shows some of the measurable variables and
methods for the study of oceanic, ice, aamospheric and terrestrid features a different scdes. The
table can be used to identify the variables and methods avallable.

6.39 The Working Group recognised that the items set out in Table 5 require eaboration,
paticulaly in regpect of defining the spatid and tempord scdes over which the various
environmental processes operate. Dr S. Kim (Republic of Korea) noted in particular that no clear
digtinction is made between the physica and biotic components of the environment. For example, a
detailed breakdown of the ocean processes affecting prey, such as primary productivity, might be
consdered for incluson in the table.

Sea-ice

6.40 The Working Group noted that CCAMLR has long recognised the importance of seasond
searice dynamics n the Antarctic marine ecosystem. In particular, information has been sought on
the physcd and biologicd properties of searice as these affect key ecosystem components at
different times and in different aress.

6.41 Papers tabled a the meeting reported on recent developments in studies amed at
undergtanding the effects of searice on various biota and the differential responses of such biota to
ice dynamics. In this connection, it was recognised that the effects of sea-ice depend on both its
character and extent and the rate at which these change through time.



6.42 Deveopments of particular ggnificance identified by WGEMM include linkage of searice
conditions to krill recruitment (WGEMM-95/15, 18 and 55), patid and tempora variability in searice as
afunction of long-term seasond climatic changes (WG-EMM-95/61, 62 and 80) and possible effects of
Searice on predator population dynamics and diet (WGEMM-95/63 and 64).

6.43 It was noted that the Antarctic Peninsula region is one which shows very large interannud
variability and that there has been a strong cyclicad sgna over some decades. The region adso shows
an annud cycle characterised by a five-month advance and a seven- month retreat of pack-icewhich
is the opposite of other regions (WGEMM-95/52).

6.44 The Working Group agreed that a clear distinction needs to be made between the direct
effects and indirect effects ariang from varidbility in sea-ice extent, character and dynamics. Such
effects are summarised in the last column of Table 5.

6.45 For example, sea-ice impacts predators directly via habitat availability and indirectly via prey
avalahility.

6.46 For prey, sea-ice affects the over-winter surviva of larva krill and affects adult maturation
and growth rates. Ice may aso provide a refuge for krill as wdl as a ste for seeding the water
column with food in early summer.

6.47 In the case of the fishery, the presence of ice directly affects fishing operations with
consequent effects on krill and its dependent species.

6.48 The Working Group agreed that in order to facilitate formulation of specific hypotheses on
the potentid effects of sea-ice on components of the Antarctic marine ecosystem in key areas and to
identify the data necessary to test such hypotheses, a smdl task group should work by
correspondence during the forthcoming intersessond period.

6.49 The task group, convened by Dr Miller and condgting of Drs Agnew, Croxdl, Halt,
Naganobu, Siegd and Trivelpiece, will:

e summarise previous discussons and data requests by CCAMLR on searice and related
matters. To alarge extent thistask will be carried out by the Secretariat;

* identify key hypotheses and areas of research amed at improving current understanding
of the physica and ecologicd effects of sea-icein the Antarctic marine ecosystem;



* lidse with other programs focused on searice studies (eg., EASIZ of SCAR), the
catadoguing of currently available data and identification of future data requirements,

* identify key seerice propeties and processes, including the data necessary to
characterise the variability and seasonability of such properties and processes;, and

* report to WG-EMM’S next meeting on the above.

6.50 The Working Group was reminded of the importance of other oceanographic and
amospheric variables and possble inter-reationships. The Working Group noted that care must be
taken in the interpretation of short time-series and in investigating correlations with other variables.
The need for carefully focused questions was again emphasised.

ECOSY STEM ASSESSMENT

By-catch of Fishin the Krill Fishery

7.1  Two papers reported on the by-catch of fish in the krill fishery. One (WGEMM-95/56)
assessed the by-catch in the Japanese krill fishery off the South Shetland Idands (Subarea 48.1)
from 30 January to 18 February 1995, the other (SC-CAMLR-XIV/BG/10) the occurrence of fish in
commercid krill catches taken by a Jgpanese trawler off Wilkes Land (Divison 58.4.1) from 19
January to 2 March 1995.

7.2 A detaled examination of these papers was prepared for submission to the Working Group
on Fish Stock Assessment (WG-FsA).

7.3  The Working Group welcomed the two investigations and encouraged continuation of such
gudies. However, it noted that the two studies provided only limited information on spetia, seasond
and diurnd differences in fish by-caich. The data were not presented in the standardised manner
(i.e, in numbersiweight per tonne/hour) which makes possble comparison between studies, as
requested during previous meetings (e.g., SC-CAMLR-XII, Annex 5, paragraphs 7.1 to 7.5; sc-
CAMLR-XII, Annex 4, paragraphs 5.6 and 5.10) and in the Scientific Observers Manual. Dr S,
Kawaguchi (Japan) informed the Working Group that there is evidence from the study presented in
WGEMM-95/56 that the level of by-catch of mesopdagic fish is higher during the night. The possibility
that WGFsA could provide additiona information on periods and areas a which early life stages of
fish are a risk from the krill fishery was consdered to be remote a present, given the limited



information on patterns of spatiad, seasond and diurnd didtribution and abundance of larvd and
juvenilefish,

7.4  The Working Group reiterated requests from previous years by the Scientific Committee and
its Working Groups and encouraged Members to conduct more extensive studies on this matter to
cover spatid, seasonal and diurnd differencesin the occurrence of fishin krill catches to assess when
fish are mogt vulnerable to the krill fishery. It dso Sated thet appropriate statistical procedures be
gpplied to the analysis of such data. Results should be presented in a standardised manner as agreed
by the Scientific Committee to facilitate assessment by the Working Groups.

Interactions Amongst Harvested Species,
Dependent Species and the Environment

75 When reviewing new tabled information on interactions between harvested pecies
and dependent species, and between both of these and the environment, it was clear to the Working
Group that the three were inextricably linked. Accordingly, discussons on Agenda Subitems 7(ii)
and 7(iv) were combined. The relevant materid isin Sections 4, 5 and 6 of this report. To avoid
excessve duplication, only a brief summary is given of materid dready described in those sections,
aong with gppropriate references.

7.6  Aninitid review of the avalable materid indicated that there was new information available
to this meeting on a number of interactions. Discusson on these is grouped under corresponding
headings.

Links Between Sea-ice, Krill Abundance and
Penguin Breeding Success and Abundance
(see paragraphs 5.78, 5.85, 5.119 and 5.120)

7.7  Papers WGEMM-9562, 63 and 64 presented analyses that suggested that the reduction in the
frequency of winters with extensive pack-ice has resulted in a decrease in krill recruitment and thus
biomass in the region. This, in turn, has led to changes in the surviva, recruitment and population
gze of Addie penguins. All penguin daa in the Antarctic Peninsula region indicate that there was
better breeding success but decreased breeding population size in the 1994/95 season compared
with the 1993/94 season.



7.8 In rddion to the latter point, Mr Ichii commented that it was more likely that breeding
success was directly rdaed to krill availability a breeding time than was breeding population sze.
Dr Croxdl agreed, stating that breeding population sze was likdly to integrate krill avallability over
winter and, in terms of penguin recruitment, probably over severd years.

7.9  The Working Group agreed that this work was of particular Sgnificance, and it recdled its
recommendation (paragraph 5.120) that gppropriate additiond time series of krill length frequencies
from predator ssomachs be analysed, dong with other relevant demographic data from penguins.
On the basis of this work, it should be possible to both make and test predictions based on the
hypotheses proposed for environment/harvested species/dependent speciesinteractions.

Penguin Chick Starvation at Béchervaise Idand
Linked to Loca Food Shortage
(see paragraphs 5.79 and 5.80)

7.10 At Béchevaise Idand and surrounding idands, dl penguin chicks had died soon after
hatching, with evidence suggesting that starvation was the principd cause (see WG-EMM-95/33).
Longer foraging trips were aso recorded, with birds returning with little or no food. The extent of
food scarcity appeared to be limited, since birds a colonies between 50 and 150 km to the west
appeared not to be affected.

7.11 It was noted that this mgor gpparent interaction between krill availability and fledgling
surviva occurred despite there having been no krill fishing in the region over the last five years. That
there can be such extreme variaions in locd krill avallability and subsequent effects on dependent
species in the absence of fishing has important implications for the interpretation of any gpparent
effectsin areas where there has been fishing activity.

Krill Hux and Other Determinants of Loca Krill Abundance
(see paragraphs 4.24 and 4.25)

7.12 Paper WGEMM-95/58 presented evidence demongtrating the importance of fronta zones to
the krill flux process in the coagtd areas to the north of Elephant Idand. Oceanic currents seem dso
to be implicated in the trangport o krill from the South Shetlands to the South Orkneys and South
Georgia
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7.13 Dr Trivepiece noted that comparisons of krill length frequency digtributions in penguin diet
samples from Pdmer Station (Belingshausen Sed) and Admirdty Bay (South Shetland I1dands)
indicated the krill populations of these two regions had different age structures within years WG
EMM-95/64). The comparisons suggest only dow interchange between the Bellingshausen Sea and
the South Shetland Idand krill populations. Dr Everson noted that the movement of krill is not
necessaxily directly dong the Antarctic Peninsula; there may be some areas within which they are
retained. These differences were linked to a one-year time lag in pack-ice cycles between the aress.

7.14 Dr Naganobu queried whether DNA andyses might be used to determine whether krill
concentrations in different areas came from the same stocks. Severd members commented that in
other bodies (e.g., the IwC), consderable progress had been made in studying stock structure and
migration using these techniques.

7.15 Dr Nicol commented that DNA techniques had been tried previoudy with krill, but DNA
samples proved very difficult to extract. Given the rapid advances in thisfidd, he agreed that it may
be worthwhile trying again.

Petterns of Breeding Success and Breeding Population Size at Bird Idand
and Signy Idand Linked to Krill and Different Environmenta Factors
(see paragraphs 4.28, 5.81 and 5.82)

7.16 The 1994/95 season a Bird Idand appeared to be one of normd krill avaldbility,
corresponding to indices of good reproductive success in gentoo and macaroni penguins and
Antarctic fur seals.  This contrasts with the 1993/94 season, characterised by very poor krill
avalability and corresponding reproductive success. The reduced breeding population sze of
gentoo penguins and Antarctic fur seds a Bird Idand in 1994/95 was attributed to events connected
with the low reproductive success in 1993/94. Similar, but less pronounced, patterns have been
observed a Sgny Idand, but this might dso involve a more direct effect of variaion in prey
availability influenced by searice conditionsin the Antarctic Peninsularegion (i.e., astronger seerice-
prey link than at Bird Idand).

7.17 The hypotheses suggested for Signy and Bird Idands are very important for three reasons.
They suggest (i) that the effects on predators can carry over from one year to the next; (i) that at
different gtes there can be different functiond relationships; (iii) thet there can betimelagsin the prey
response to the environment. All three of these points suggest that interactions between the
environment, harvested and dependent species can be very complex, and can occur with different

timelags.



7.18 It was noted that there was additiona evidence, arisng from the low proportion of krill in the
diet of icefish, that the 1993/94 season at South Georgiawas a very poor one (Kock et al., 1994%).

7.19 One difficulty in interpreting the linkage between breeding success, breeding population size
and krill avallability was that the latest season for which predator data are available and that for
which estimates of krill abundance are avallable are different. This is a problem for a number of
subaress.

Low Albatross Breeding Population Sze Linked to Snowfdl
(see paragraph 5.83)

7.20 The numbers of black-browed a batross breeding at South Georgiain 1994/95 was reduced
dueto alate and heavy snowfal preventing nesting.

721 Seved members commented that this provided a driking example of a srong
environment/dependent species link having a mgor effect on a dependent species in an area where
fishing was taking place. Had for some reason the environmental event not been noticed, the
reduced population size could well have been attributed, at least in part, to fishing.

7.22 Dr de la Mare commented that severa of the examples of linkages described above
emphasise the high degree of variability intringc in the system, even in the asence of fishing, and
epecidly a the locd scde. The examples dso highlighted the potential complexity of the various
interactions and the probable presence of time lags in responses. This highlights the need, where
possible, to be able to calculate predator-based indices so that they redly do reflect the effects of
changes in the abundance and availability of krill.

New Models Relevant to Harvested Species/Dependent Species Interactions
(see paragraphs 5.104 t0 5.118)

7.23 Three papers were presented that developed new models relevant b the interactions
between dependent species and harvested species. Paper WGEMM-95/39 moddled functiona
relationships between krill and black-browed abatrosses and Antarctic fur sedls. Paper WGEMM-

B Kock, K.-H., I. Everson, L. Allcock, G. Parkes, U. Harm, C. Goss, H. Daly, Z. Cielniaszek and J. Szlakowski.
1994. The diet composition and feeding intensity of mackerel icefish (Champsocephalus gunnari) at South
Georgiain January/February 1994. Document WG-FSA-94/15. CCAMLR, Hobart, Australia.
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95/42 undertook a similar task for Addie penguins, while WG-EMM-95/40 addressed the issue of
age-dependent mortdity in krill by andysing krill length frequencies from predator somach samples.

7.24 The principles of, and requirements for further work on, the models developed in these
papers were discussed in detail under Agenda Subitem 5(v) (paragraphs 5.87 to 5.126) and no
further comment will be given here.

Krill Fishery/Dependent Species Interactions

7.25 The Data Manager has provided further data on the overlap between the location of krill
fishing and predator cPD. These are given in WGEMM-95/41. The CPD is taken to be a distance of
100 km from the breeding Site over the principa breeding period December to March. These
results are discussed under paragraphs 5.88 to 5.91.

7.26 It was recognised that the cPD would be species-dependent, and several members
commented that it may be useful to review this matter (paragraph 7.96). Even ignoring
Species-dependent effects, differing views were expressed as to whether gpplication of the concept
of CPD under- or overestimates the extent of overlgp between predators and krill fishing (see dso
paragraphs 5.92 to 5.94).

7.27 In any case, there remains a mgor problem in tha the relationship between overdl krill
abundance within the cPD and the actud krill avalability to predators in thet region is complex.
There are fill few data on this. It is very important that more empirica studies are undertaken.

7.28 Research has continued on assessing the potentia overlap between predators and the fishery
in the vicinity of Sedl Idand (WGEMM-95/87). It was found that krill werein higher dengties over the
shelf areas than in offshore areas, where acoudtic surveys showed that fish (mainly myctophids) were
a high dengty and available a night within predator foraging ranges. See paragraphs 5.98 and 5.99
for further discussion.

7.29 Mr Ichii commented that the results of this research called into question the standard
assumption that there is a tight relationship between krill and predators. It may wel be that
predators will switch prey species from krill to myctophids when the density of krill islow. If so,
then low krill abundance does not necessarily lead to deleterious effects on predators.



7.30 Dr Croxdl responded by noting that this assumption is based on many years of dietary data.
Furthermore:

() paper WG-EMM-95/87 contains no data on diets of predators, so consumption of
myctophids, let one prey-switching, is purdy inferentid;

(i)  the extendve series of published and CEMP data on the diet of chingrap penguinsin
Subareas 48.1 and 48.2 have never recorded myctophids a more than 10% by mass
of diet;

(i)  changesin predator diet in years of low krill availability are, however, documented to
occur in some predators a South Georgia (gentoo penguins take more icefish and
Notothenia species, macaroni penguins more Themisto) but not in others (eg.,
Antarctic fur sedl, black-browed albatross). None of the prey-switching of these krill-
dependent predator species involves myctophids - and this in a subarea where most
myctophid fishing in the Convention Area has taken place; and

(iv) more work on predator diet in Subareas 48.1 and 48.2 is to be encouraged because
substantia time series of quantitative data are needed to demondtrate the extent to
which predators depend on krill.

7.31 In response to a question concerning acoudtic discrimination of fish and krill targets, the
importance of usng multifrequency acoustic methods was emphasised.  While it is possble to
religbly distinguish krill and myctophid targets during the day (when they are well separated in their
depth ranges), this becomes difficult at night even using such techniques.

7.32 Paper WGEMM-95/23 reports studies of the variability of the spatid structure of krill svarms
using data from foraging time budgets of fur sedls (see dso paragraphs 5.121 and 5.122). Themain
assumption in this work is that the predator foraging behaviour reflects the spatid structure of the
prey. The results suggest that sedls forage at the scale of individud krill svarms and dso a the scde
of groups of swarms (aggregations). The methods in WGEMM-95/23 may be ussful for studying and
interpreting functiond relationships between predators and krill, and between krill abundance and
avallability to predators.

7.33 Dr Miller agreed thet this study had important implications for how spatia information might

be used to obtain a proper index of availability, and for the scale a which predator/prey studies
should be conducted in the field.
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7.34  Mr Ichii observed that the paper seemed to make the assumption that the principa prey
gpecies was krill, even in a poor krill year, and he referred to information from Sedl Idand reported
iNn WGEMM-95/87. In response, Dr Boyd commented that at South Georgia, concurrent diet sudies
had been undertaken and these had shown that the principa speciesin the diet wasindeed krill, even
in the poor krill year, as reported in WGEMM-95/28. This emphasised, in his view, how essentid it
was to undertake Smultaneous studies of diet and at- sea feeding ecology and behaviour.

Approachesto Integration of Harvested Species/Dependent
SpeciesEnvironment Interactions into Management Advice

7.35 This subitem was discussed under three main headings  strategic modeling; accounting for
land-based predators when setting precautionary catch limits; and ecosystem assessment.

Strategic Moddlling

7.36 Fgure 1 gives a schematic diagram of the components and linkages that together make up
the processes involved in ecosystem monitoring and management in the Antarctic. The primary
components of the exploited ecosystem are the environment, harvested species, dependent species
and the fisheries. The system as a whole is completed by a link between these components and
management gpproaches. The ecosystem assessment is conducted using information on the nor:
management components and linkages between them.

7.37 Asindicaed in Section 2, a vitd tool in evauating the procedures involved in an ecosystem
assessment and in any system of providing management advice is srategic moddling. The drategic
mode incorporates the biologica and fishery components, the links between them, and the
procedures for ecosystem assessment and for the provison of management advice and the resulting
management actions.

7.38 Theterm ‘drategic’ in the phrase ‘ strategic modelling’ has been used to describe anumber
of different things. For the purposes of this report, strategic modelling is distinguished by:

() explicit condderation of uncertainties in (8) parameter vaues and (b) the underlying

dynamic processes operating in both the components of the system being modelled
and the linkages between them; and
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@) itsprimary purpose, which isto dlow evauation of the efficacy of the principad output
(management advice) from the procedure being studied (here, ecosystem assessment
or ecosystemm management). This evaudion should enable identification of the
uncertainties in the system that contribute most to inadequate performance in the
output, thereby identifying requirements for information which will lead to the grestest
improvement in performance.

7.39 In the papers that have so far been presented to the Working Group and its predecessors,
no drategic model of the overdl system has been attempted. Mogt progress has been made in a
modd of a subsystem that links the fishery, the harvested species (krill) and management. Thisisthe
so-cdled krill yiedd modd (Butterworth et d., 1994'%). Previoudy this model hes mainly been
discussed by wGkrill. Asthis Working Group has merged the former wG-CEMP and WGKiill, it was
fdt useful for an initid presentation to be made by Prof. Butterworth of the principles behind the
extensons to the krill yidd modd desgned to alow estimation of functiond relationships between
harvested and dependent species. These were described in papers WGEMM-95/39 and 40 by
Thomson and Butterworth (see aso Butterworth and Thomson, 1995™).

7.40 The presentation and subsequent discusson led to a much greater understanding within the
Working Group of the models, their assumptions and their properties. A number of important points
emerged.

()  Themodds have severd key assumptions. These are:

(@  the probability digtribution of unexploited krill abundance istime invariant. This
does not mean that the unexploited krill abundance is congtant over time; rather
that the annud krill abundances are sampled from the same probability
digtribution; and

(b)  changing krill abundance affects pedator fecundity and surviva, but not vice
versa

(i) A dear diginction has to be made between the density of the krill available within the
foraging range of a predator and the extent to which it is actudly avalable to the

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

> Butterworth, D.S. and R.B. Thomson. 1995. Possible effects of different levels of krill fishing on predators -
some initial modelling attempts. CCAMLR Science, Vol. 2: (in press).



predator for consumption. This can vary widely between dependent species, Stesand
Seasons.

(i)  As described more fully in paragraphs 4.39 to 4.57, provided the assumption in
subparagraph (i)(a) above is satidfied, the modd s take full account of the known extent
of variaility in krill recruitment by expliatly usng exising krill recruitment estimates.
Currently, the link between the environment and krill recruitment is modeled usng an
empirical probability didribution.  Should an explanaory reationship for krill
recruitment be edtablished subsequently, eg. usng seaice data, this could be
Incorporated.

(iv) A potentid weskness in the moddls is that, while they operate properly a aregiona or
krill stock-unit scae, of necessity some of the input data (time series of predator
aurviva and recruitment indices) were estimated on a much more locdised spatid
scde. Thisis a potential weakness, snce use of smal (locd) spatid scale datain a
regiona scale modd involves some degree of extrapolation.

(v) One gparently smple way around this is to apply the modds uniformly at a locd
spatid scde. Unfortunately, while doing so gpparently resolves the scae problem with
the recruitment or predator surviva estimates, it introduces probably greater problems
because of lack of closure of the krill population and difficulties in properly defining
local krill recruitment.

741 Seved issues aose in the discusson. These were that: (i) the current mode of functiond

relationships between krill harvest and predator response uses only asmall part of the predator data
which are currently available; (i) it would be useful to examine the importance of additiond precision
in saverd of the input parameters to ensure tha atention is given to increasing the precisgon of

measurements that will have the greastest influence on the results of the modelling exercise; and (iii)

the scale at which the current modd of functiond relationships operates is often different to the scde
a which predator data are collected.

7.42 Dr Boyd commented that there was an dternative approach, which used foraging and
energetics models to treat harvested/dependent species interactions on a purely loca scde. He dso
noted that of al the biological parameters for predators, adult survivd rate is one of the most difficult
to obtain. This is an important input parameter in the Butterworth- Thomson modd. It may be
possible to use other predator data, much more widely available than direct estimates of surviva
rates, in the local scale models being investigated.



7.43 Prof. Butterworth commented that it was possible to use other measures to index predator
recruitment and surviva rates, but it was necessary to take care to judtify the assumed relationships
between the indices and the actua rates.

7.44  Dr Boyd further explained that the moddling gpproach at the locd scde should be seen as
an dternative to, and not a potentia replacement for, the Butterworth- Thomson models. Indeed,
there were potentid links between the two approaches, since the results from the local models could
provide vduable indght and information on the recruitment etimaes used in the
Butterworth- Thomson modd, as wdl improving knowledge about krill availability.

7.45 The Working Group then attempted © develop further the conceptud framework of the
processes contained in Figure 1, and to identify those components and linkages for which models
were ether currently available or being developed. These are shown in Figures 3 and 4. Inview of
the importance attached to the scale on which the models operated, separate figures are shown for
the modds a loca and regiond scales.

7.46 Fgure 3 shows a framework of system processes within which the Working Group
discussed the development of a strategic nodd. Each link in the figure is associated with text
describing the type of link. The Working Group emphasised the difference between the two
important environment/system links. In the fird, the direct effects of environment on the dependent
species were of interest, for instance the presence of snow delaying the onset of egg laying, mortality
of chicksin very high winds, or the inability of predators to forage because of problems of access to
open water. The other environment link, to harvested species, primarily acts by influencing the
recruitment of prey or the ditribution and availability of prey.

7.47 Fgure 4 shows the modds that are available for describing certain components and links.
For the environmenta component there are a number of modds (for ingance the cadculation of
geostrophic current velocities and the FRAM model) that have been developed outsde CCAMLR.
Thekrill cPUE moded (Butterworth, 1988'°; Mangel, 1988"), the krill yield modd (Butterworth et
a., 1994'), the krill recruitment modd (de la Mare, 1994%), the functiona relationships modd
(Butterworth and Thomson, 1995%), the krill spatid modd (Mange et d., 1994*) and the fishery

1 Butterworth, D.S. 1988. Some aspects of the relation between Antarctic krill abundance and CPUE measures

in the Japanese krill fishery. In: Selected Scientific Papers, 1988 (SC-CAMLR-SSP/5), Part I. CCAMLR,
Hobart, Australia: 109-125.

Y Mangel, M. 1988. Analysis and modelling of the Soviet Southern Ocean krill fleet. In: Selected Scientific
Papers, 1988 (SC-CAMLR-SSP/5), Part I. CCAMLR, Hobart, Austrdia: 127-235.

8 Butterworth, D.S. et ., op. cit., p. 173.

¥ delaMare, W.K. 1994. Modelling krill recruitment. CCAMLR Science, Vol. 1: 49-54.

% Butterworth, D.S. and R.B. Thomson, op. cit., p. 174.



behaviour model (Agnew and Marin, 1994%% Agnew, 1994%%) have dl been developed within
CCAMLR and address a number of components and links. Further dependent species models are
aso appropriate, for ingtance the model of dependent species energetics (Croxall et d., 1985*)
which was developed further for cCAMLR in 1991 (Croxall, 1991%) and the crabeater sed
energetics model (Bengtson et a., 1992%). Although there are many different scales on which this
exercise could be done, the figure is separated into loca (within a subareq) and regiond (Satistica
area based) spatial scales, and areas where additiona work is required are highlighted.

7.48 In congructing Figure 3 the Working Group paid particular attention to the weights of the
arrows (links) between components. It was fet that a both scales, the influence of environment on
the fishery and of the fishery on dependent species was low. It was agreed that the influence of the
fishery on harvested species was potentialy large, while the influence of harvested species on
dependent species was large by definition. It was felt that while the availability of harvested species,
for ingance, had some effect on the fishery, this was not a link of sufficient concern to be given a
heavy arrow.

7.49 Because this exercise was done to highlight the strategic modelling, one important link is
missing in these diagrams, that between the fishery and management (see Figure 1). It was noted
that a modd of primary importance to this link is the krill yidld modd. In Figure 4 this modd is
represented at the regiona level as two components, ‘yield mode’ and ‘caich modd’. It was
recognised that separation of effects into the two scales was not dways possible, as for instance
where loca dependent species dynamics affected the regiona populations of those species.

7.50 Itisobvious from Figures 3 and 4 that there are components and linkages between them for
which no modes currently exist. For some linkages, as indicated by the thin lines, this probably is
not too much of aproblem. However, there are other linkages that are definitely important that have
<0 far recaived little or no moddling attention.
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7.51 A brief discussion on these agpects was initiated and severd useful suggestions were made
as to how these gaps might be filled, both in terms of modes and of the data required to parametrise
them.

7.52 For the regiond scade modes, Dr Miller noted that there was no mode of the fishery
component. Given that our primary influence on the sysem was via the fishery, he bdieved it
important that we learn more about what motivates the behaviour of the fishery. At the very leedt,
this implies that we should maintain the current didogue with the operators of the fishery on their
future intentions,

7.53 Following on from this point, it was emphasised that from the point of view of potentid
management measures, these can apply only to the fishery operations. Understanding the other
components and linkages was essentid to identifying the knock-on effects of management actionson
the various components, but the appearance of these other components and links in the drategic
model does not mean that they can be directly affected by management actions.

7.54 Asnoted in paragraphs 6.12 to 6.16 and 6.26 to 6.30, severa papers were tabled at this
meseting presenting evidence in support of a conceptua modd linking seerice cover with locd krill
recruitment and subsequent impacts on predator populations. This research opens the possibility for
the local-scae drategic modds (and potentidly aso for regiond dtrategic models) of developing
explanatory sub-modds for the link between the environment and harvested species. These sub-
models would require the collection of time series of data on sea-ice cover, sST and krill recruitmen.
Data on the fine-scde digribution of fishing will dso alow the link between the fishery and harvested
species to be incorporated into these sub-models.

7.55 For locd drategic modds, other important factors in the linkage between the environment
and harvested species are the forces that drive krill flux between areas and that cause variations in
krill avalability.

7.56 In reation to krill flux, key factors are water circulation, current systems and frontal zones.
Collection of data on these is essentid for further invedtigation of this phenomenon.  Another
oceanographic feature that may lead to retention of krill in a local area is the presence of eddy
systems.

7.57 For loca-scde modds, more rdliable evauation of krill availability and the extent to which it
vaies over space and time will require further sudy of krill verticd migration and swarming
behaviour and of predator foraging behaviour in relation to this highly aggregated and patchily
digtributed prey.
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7.58 More generdly, the linkage between the environment and harvested species requires the
elucidation of the factors that determine the didtribution and abundance of the prey. The linkage
between the environment and dependent species requires the determination of those factors that
affect observations on dependent species that may confound interpretation of interactions between
dependent and harvested species (see, for example, paragraph 7.21).

7.59 For regiond modds, more redistic modelling of the dynamics of dependent species requires
clarification of sources of density dependence and of the importance of species other than krill in the
diets of the predators. For loca models, interpretation of the loca dynamics of dependent speciesis
grestly enhanced by the availability of time series of local estimates of predator abundance.

7.60 It was observed that, a least conceptualy, the regiond models apply at roughly the scae of
a datigicad area, whereas many of the studies relevant to local modes gpplied at the scade of the
foraging area. It is possible, therefore, that there may be a need to develop strategic models that
goplied a a scale intermediate between the locad and regiona scde (eg., a the subarea or
Integrated Study Region (ISR) scale).

Taking Account of Land-based Predator Populations
When Setting Precautionary Catch Limits

7.61 When introducing WG-EMM-95/17, Dr Everson drew attention to the fact that concerns have
regularly been expressed about the potential impact of krill fishing on loca predator populations over
the last 20 years. Despite the considerable amount of research that has been carried out during that
period, this has not yet resulted in management advice directed specificaly at these concerns. The
amin WGEMM-95/17 was to seek methods that would closdy integrate the activities of the former
WG-CEMP and WGKTill groups and produce management advice designed to meet the aims of Article
2 of the Convention. The main concern was that, a present, a consderable proportion of any
datidtica area or subarea precautionary limit could, in principle, be taken in or near the foraging
aress of dependent land-based predators during the breeding season.

7.62 Asoutlined in WGEMM-95/17, land-based predators on South Georgia were estimated in
1987 to consume on average around 10 million tonnes of krill annudly. Thisimpliesthet at least thet
amount of krill must pass through South Georgian waters each year, though in practice there must be
much more, since account needs a so to be taken of the consumption by pelagic predators and of the
need to maintain sufficient krill production to support the stock in subsequent seasons. The paper
suggested that if a precautionary catch limit was set for an area around South Georgia corresponding
to the foraging range of the predators & 10% of the etimated annua land-based predator
consumption, then the aims of Article 2 would be met for these predators.



7.63 Thefactor of 10% was essentidly an arbitrary figure representing only a smal proportion of
the predator food consumption. In WG-EMM-95/17, illudtrative areas in which this precautionary catch
limit might apply extended to around 125 km from the coastline.  Additiond limitations were
proposed on the timing of catches throughout the year corresponding to the cPDs for the predators.

7.64 The methodology proposed for caculating locd precautionary catch limits was illustrated for
South Georgia, because dl the required information on predator consumption was available for that
idand. However, the method could be used for other areas, provided the information required could
be supplied or collected. It was dso noted that further strategic modelling could lead in time to a
more biologicaly redigtic implementation of this approach.

7.65 The Working Group had an extended discussion of this pgper. The main points that arose
are described below.

7.66 Prof. Butterworth welcomed the intent of the paper, but commented that the appropriateness
of the proposed 10% factor depended critically on the flux of krill through the waters of South
Georgia  If the flux was low, then indeed fishing could cause local depletion and thereby affect
predators. However, if the flux was high, then it was unlikely that land-based predators would be
affected. He proceeded to illudtrate, using results from amathematical modd (Appendix G), that the
10% factor could be too consarvative if the flux were sufficiently high.

7.67 Dr delaMare preferred that, where possible, the existing method based on a proportion of
standing stock should be used, but there may be some circumstances where an approach of the kind
givenin WGEMM-95/17 would be more practical. He subsequently proposed a modified method for
using predator consumption data and estimates of krill flux that would dlow an estimate of the
ingantaneous standing stock around South Georgia to be calculated. This could then be used as
input to the exigting krill yiedd modd.

7.68 In relaion to both these dternative approaches, Dr Boyd observed that predator food

consumption was one of the variables that can be estimated with quite high precison. He noted,
however, that existing data on krill densities suggested that the turnover of krill around South Georgia
could be quite variable both within and between years and over space. It was important that this
variability be taken into account in any calculations, rather than just usng an average figure. Dr
Trivelpiece dso emphasised the need to take full account of the digtribution and variability of krill

recruitment.

7.69 Dr de la Mare commented that, provided the levels of variation in these variables can be
quantified, as described in paragraph 4.48, they could be specificaly accounted for using the
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gopproach of the krill yield modd. He noted further, however, that research directed at obtaining the
necessary informetion about levels and variability of krill flux could be very difficult, perhaps
exceeding the difficulty of directly obtaining an estimate of the krill standing stock around South
Georgia.

7.70 It was suggested that, in view of the krill flux between Subareas 48.1, 48.2 and 48.3,
account needed to be taken of krill biomass and catches in Subareas 48.1 and 48.2 when
determining precautionary limits for Subarea 48.3. In such circumstances, it may be necessary to
apply a pro rata (percentage-based) system for the dlocation of locd precautionary limits amongst
these aress.

7.71 Dr Naganobu thought that the method proposed in WGEMM-95/17 had potentid, but he
foresaw problems in gpplying it as it presently stood. In particular, he queried the extent to which
the method could be used in other aress, such as Subareas 48.1 and 48.2, which are characterised
by heavy winter see-ice and much lower predator populations than Subarea 48.3. He aso queried
how changes in predator populations that occurred for reasons other than fishing would be taken into
account. For ingtance, if the predator populations (and thus consumption) a South Georgia halved
or doubled in a year, would the corresponding precautionary limits halve or double respectively?

7.72 Mr Ichii rased the issue of whether predator populations were food- or breeding-ste
limited. If they were food-limited, then an gpproach based on food consumption may be
appropriate, but if they were breeding-ste limited, then the food consumption may not be rlevant a
al.

7.73 Dr Croxdl responded that evauations of most of the main krill-dependent predator species
breeding a South Georgia had provided no evidence a present that populations were limited by
availahility of breeding habitat.

7.74  Mr Ichii suggested that a precautionary catch limit could be unredisticaly low if it was based
on food consumption by predators whose population sizes are limited by food abundance during the
period when food abundance is very low.

7.75 Dr Croxdl further commented thet, given the difficulties experienced by CCAMLR in
suggesting other kinds of precautionary measures in loca areas (e.g., closed seasons, closed areas
efc. in Subaress 48.1 and 48.2, see WGEMM-95/17), it appears that the only remaining kind of
measure available for use in these Stuations is a limitation on catches based, in some way, on the
food requirements of predators.
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7.76 With a view to putting the approach suggested in WGEMM-95/17 in context with other
gpproaches to determining precautionary limits, Dr Hewitt drew attention to the tradeoff matrix given
in Watters and Hewitt, 1992%’. This rated possble approaches by the likdy dday in ther
implementation and the extent to which they used existing biologicd data The ided was an
approach that had a low dday in implementation but made high use of the biologicd data In that
paper, no approach fitted that description. It is possible that the gpproach in WGEMM-95/17 or a
development of it may achieve that godl.

7.77 Insummary, dl members agreed that:

() there was a continuing need to ensure that krill catches are not concentrated in small
areas and over short periods of time to such an extent that loca populations of
dependent species may be adversely affected;

(i)  when determining precautionary catch limits and subdividing precautionary limits set for
larger areas, as much environmenta and biologicd information as relevant should be
used; and

(i) the approach described in WGEMM-95/17, which makes use of extensve predator
food consumption data, represents a vauable new thrust towards achieving these
gods.

7.78 Inview of the points raised during the discussons, however, it was agreed that it would not
be appropriate to attempt to develop recommendations for precautionary catch limits using this
gpproach at this mesting.

7.79 The remaning discusson focused on identifying further work to be caried out
intersessondly so that the topic could be discussed further a next year’ s meeting.

7.80 A smadl subgroup was asked to develop further the ideas described by Prof. Butterworth
and Dr de la Mare, in order to identify more clearly the work needed to be done. The subgroup
developed the plan of work given in Appendix H to investigate precautionary cetch limits in time for
the next meeting of the Working Group. A steering group consisting of Drs Agnew, Boyd, Prof.
Butterworth, Drs Croxal, de la Mare, Everson, Holt and Naganobu and coordinated by Drs Boyd
and Everson was gppointed.

7 Watters, G. and R.P. Hewitt. 1992. Alternative methods for determining subarea or local area catch limits for
krill in Statistical Area 48. In: Selected Scientific Papers, 1992 (SC-CAMLR-SSP/9). CCAMLR, Hobart,
Australia: 237-249.
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Ecosystem Assessment

7.81 As indicated in paragraph 2.13 in this report, the Working Group has agreed that an
ecosystem assessment consisted of two parts:
() anandydsof the gatus of key biotic components of the ecosystem; and

(i) aprediction of the likely conseguences of aternative management actions on the future
status of these components.

7.82 In working towards this end, Section 4 of this report summarises the current knowledge on
the tatus of the krill populations and the krill fishery. It aso examines knowledge of the interactions
between harvested and dependent species from the harvested species perspective.

7.83 Section 5 summarises knowledge on the datus of dependent species, and on their
interactions with harvested species from the dependent species perspective.

7.84 Section 6 examines current knowledge on interactions between dependent and harvested
species and the environment.

7.85 This informatiion on interactions (linkages) amongst harvested species and fisheries,
dependent species and the environment was further integrated in the discussions on linkages reported
in paragraphs 7.5 to 7.20.

7.86 Theinformation in these four sections of the report formed the basis for discussons on an
ecosystem assessment.  The relevance of the information to the ecosystem components and links
identified in Fgure 1 is shown in Fgure 2.

7.87 The Working Group first noted that Sections 4 and 5 provided substantia information on the
current status of both harvested and dependent species and of linkages between them. As a starting
point for further discussions, the Working Group then turned to the summary tables (Tables 3.1 to
3.10), which are smilar to those previoudy used by WGCEMP for dependent species only (see

paragraph 2.18).

7.88  For dependent species, only the information in the solid boxes, which has been collected and
analysed by the standard methods developed by WGCEMP, isin the offidd CCAMLR database. For
these parameters, additiond quantitative information and analyses are reported in WGEMM-95/12 tO
14. The remaining information on dependent species has been extracted from tabled papers. These
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data are not in the CCAMLR database and while they have generaly been collected usng standard
methods, it has not been possible to undertake smilar andyses of the datain the source papers.

7.89 Shortage of available time at the meeting had prevented completion of the sections of Tables
3.1 to 3.10 deding with data from the fishery and on environmentd varigbles. A further difficulty
facing the Working Group was the quditative nature of the interpretation of trends. As noted above,
while condderable progress has been made during the intersessond period in providing a
quantitative assessment of the standard CEMP data, this has not been possible for the remaining deta
in the tables.

7.90 Asaconsequence, anumber of members expressed the view that it remained very difficult to
use the information in these tables to develop an ecosystem assessment. In particular, it was noted
that qualitative indices are rot necessarily accurate, and they can aso disguise trends that would be
gpparent from quantitative data.

791 While acknowledging these points Dr Hewitt fet that there were some interesting
observations that could be made. Referring to the information in paragraphs 4.15 to 4.32, 5.81 to
5.83 and Tables 3.5 to 3.7, it was clear that 1994 was an unusua year a South Georgia, South
Shetlands and the Antarctic Peninsula. The abundance of krill was very low in al three subaressin
1994. Predator responsesto low krill availability were seen in dl three aress, but these were more
noticesble at South Georgia than in the Antarctic Peninsula. The reason for thisis unknown, but one
hypothesis was that it was because South Georgia was downstream of the other areas. 1n 1995, an
esimate of krill abundance was only available for Elephant Idand, where it was again low, but the
predator breeding success was greater than in 1994.

7.92 In the context of the need, expressed in Pat 2 of the description of an ecosystem
asessment, to provide predictions of the consequences of dternative management actions (see
paragraph 2.13), the Working Group agreed that the current absence of evidence that low krill

abundances and subsequent effects on predators were due to krill fishing (i.e., the aosence of ‘Type
I error) was not done sufficient to conclude that current levels of catches are not affecting
dependent species. This is because the data available do not dlow a test of sufficient power to
detect such an effect (i.e., the possibility of ‘TypeIl’ errors needs to be consdered). The Working
Group took note of the importance of investigating which information had the greatest potentia to
enhance the power of tests for such effects, as an aid to the focus of future research.

7.93 Dr Croxdl indicated thet it was not possible to examine the full 17-year suite of submitted

data for South Georgia a the WG-EMM mesting. These data suggest that the incidence of years of
low krill avallability to predators at South Georgia has been greater in the last decade than in the
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1970s and early 1980s. There is no indication that this is due to the fishery, but in order for the
fishery not to exacerbate the Stuation for krill-dependent predator species, there may be a need for
the adoption of precautionary measures.

7.94 Discusson then turned to what needed to be done to improve the usefulness of the
information in the tables and of their presentation, in terms of an ecosystem assessment.

7.95 The key requirement is to collate time series of quantitative data on both dependent and
harvested species that are comparable across years and areas.  This has now been done for the
standard CEMP data on dependent species, but further re-analysis needs to be done of other datato
enaure the necessary comparability.

7.96 TheWorking Group agreed that the following steps needed to be taken urgently:

()  reguest holders of existing data that have been collected using standard protocols to
submit time series of such datafor incluson on the CCAMLR database;

(i) for any data submitted in the future, gppropriate quantitative assessments should be
undertaken, or where this is not possible, they should be assessed quditatively in a
conggent fashion;

(i) for exiging CEMP time series data, new tables should be produced, as advised by the
ad hoc dtatistics subgroup;

(v) development of new methods and standard approaches for examining linkages
between dependent species, harvested species and the environment;

(v) further development of methods appropriate for conducting an ecosystem assessment;
ad

(vi) intersessond dirculation of the exiding table of spatio-tempora scaes reevant to dl
exising parameters of dependent species monitored within CEMP for revison in time
for the next meeting. This revison should dso indude specification of spatia and
tempord scales appropriate for potential new monitoring parameters.  This exercise
may aso contribute to possible revisons of cPDs.

7.97 Itisessentid that progress be made intersessondly on each of these topics, and discussed
further a the next meeting on ecosystem assessment.
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7.98 Two ad hoc intersessona subgroups dready exist to address such issues: one on gatigtics
and one on methods. The Working Group recommends that the membership, convenership and
terms of reference of these two subgroups be reviewed. In particular, the Subgroup on Statistics
should be expanded to include members with expertise in harvested species and the environment.

7.99 There is a dear need for a meeting of a recondtituted Subgroup on Statistics to meet
intersessonaly. For the Subgroup on Monitoring Methods, a the very least its intersessona work
needs to be more formalised, and it may aso be necessary for that subgroup to mest, rather than
work by correspondence.

Congderation of Management Measures

7.100 There are currently two conservation measures which address harvesting for krill in the
Convention Area. Conservation Measure 32/X which sets a precautionary catch limit of 1.5 million
tonnes in Area 48 in any one season; and Conservation Measure 45/x1 which sets a precautionary
catch limit of 390 000 tonnes in Divison 58.4.2 in any one season.  Conservation Measure 46/XI,
which adlocated the 1.5 million tonnes to subareas within Area 48, lapsed at the end of the 1993/94
season and was not replaced.

7.101 At SC-CAMLR-XIII, there was some uncertainty surrounding the use of the 1981 FIBEX survey
results as an etimate of B,. In particular, SC-CAMLR-XIII paragraph 5.40 suggested that:

» the survey was old and therefore of no practical use; and
» that it was possible that it could have been taken in a year when the krill biomass was

high.

The Working Group addressed these points in paragraphs 4.39 to 4.41, and concluded that they
had no effect on the cdculation of potentid yield using the model developed by waKkrill. The
Working Group therefore re-affirmed the advice of WGKrill in 1994, that the current best estimate of
B, is35.4 million tonnes for Area 48 and 3.9 million tonnes for Divison 58.4.2.

7.102 At its meeting in 1994, the Scientific Committee had extensive discussons on the caculation
of precautionary catch limit in Area 48. Two basic views were expressed. One was that a revised
precautionary catch limit of 4.1 million tonnes, caculated by multiplying the most recent estimete of
g (0.116) by the unexploited biomass of 35.4 million tonnes estimated from the ABEX survey should
be applied. An dternative view was that there was no need to revise the overal precautionary limit
of 1.5 million tonnes (SC-CAMLR-XI1I, paragraphs 5.31 to 5.45). The Commisson has urged the
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Scientific Committee to continue work on providing esimates of potentid yield for dl aress
(CCAMLR-XI11, paragraph 8.6).

7.103 The Working Group investigated a number of refinements to the cdculaion of a
precautionary catch limit (paragraphs 4.42 to 4.47). Investigations of the effect of increased
variance in the estimate of B, on the results of the yield modd (paragraphs 4.48 to 4.56) confirmed
that the appropriate value of g ( in the equation Yidd = g B,) in the absence of any additiond
information was 0.116. Thisis identicd to that caculated previoudy by wGKrill (SC-CAMLR-XIll,
paragraphs 5.27 to 5.30).

7.104 For Divison 58.4.2, no further data are available which could refine this vdue of g. The
Working Group therefore advised that the current best estimate of a catch limit in Divison58.4.2 is
450 000 tonnes (B, of 3.9 million tonnes combined with ag of 0.116).

7.105 Data on recruitment which could be used to refine the yield model are available for Area 48.
The Working Group agreed that the anadyses suggested in paragraphs 4.46 to 4.48, which would
incorporate these data, should be performed prior to the next meeting of WGEMM. Thisandyssis
expected to refine the values used to cdculate a precautionary catch limit for Area48. Accordingly,
advice on aprecautionary catch limit in Area 48 was postponed until the next meeting of WGEMM.

7.106 Concerning the subdivison of precautionary catch within Area 48, the Working Group could
not offer any further advice until the results of anayses described in paragraphs 4.46 to 4.48 and
7.80 had been examined. The Working Group expected that this would be done &t its next meeting.

Extension of the Scope of CEMP

7.107 Last year, in congdering the topic of the desrability of expanding CEMP beyond its exclusve
focus on the krill-based system (SC-CAMLR-XI11, paragraph 6.34) the Scientific Committee requested
Working Groups to consider the topic of appropriate research and monitoring activities on sdlected
predators of certain fish species (SC-CAMLR-XI11, paragraph 6.40).

7.108 P. antarcticum has been a CEMP sdlected species since the start of the program in 1985.
However, no proposas for monitoring studies or methods have been brought forward, athough
severa papers on this species as prey have been tabled.

7.109 WGEMM noted that in these circumstances it seemed ingppropriate to propose any
coordinated directed research and/or related CEMP monitoring activities on this species.
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7.110 However, it was noted that, as was the case last year (SC-CAMLR-XI11, paragraph 6.35(iii)),
severd Members have programs which include research on predators that regularly eat P.
antarcticum. Austrdian research indicates hat Addie penguins breeding a Béchervaise Idand
(Divison58.4.2) feed on P. antarcticum in areas where smdl-scade commercid harvesting took
place in the past. The main foraging range of Addie penguins, however, is in areas where fishing is
known to be difficult due to seerice or bottom topography.

7.111 Inthe Ross Seq, P. antarcticum is paticularly important in the diet of seds and penguins
and is therefore a key component in the locd food web. The current enhanced CEMP-related
research activity in that area suggests increased opportunities for research on P. antarcticum and its
trophic interactions.

7.112 The Working Group therefore suggested that Members currently conducting research on P.
antar cticum should consolidate and review information on this species and its interactions relevant
to CEMP and WGEMM and seek to coordinate this research where feasble. WGFsA was asked to
contribute to this process.

7.113 In reviewing other fish predator/prey interactions, the Working Group recollected
information provided in previous years and took particular note of the earlier discussons,
summarised in paragraphs 5.127 to 5.135.

7.114 The interactions between Antarctic fur seds and C. gunnari a South Georgia
(Subarea 48.3) were obvioudy of subgtantid potentid sgnificance to the management of the C.
gunnari fishery. The atention of WG-FSA was drawn to the new data now avalable from
predators relevant to this topic and to the importance of the cooperative evauation of these data by
predator and fish biologists.

7.115 Quantitative research on the role of blue-eyed shags as consumers of coastd fish speciesin
Subareas 48.1 and 48.2 had shown that (i) shags consume juveniles of a range of previoudy-
harvested fish species, and (ii) the relative abundance of fish gpeciesin shag diets and in net samples
issmilar. Interactions between shags and certain fish species are thus likely to be of interest to wG-
FSA; WG-EMM fdt that wG-FsA should congider the proposal for using shags to monitor coastd fish
populations (WG-EMM-95/84).

7.116 Research within the Convention Area on predator/prey interactions involving myctophids has
increased substantidly in recent years. Studies, often conducted year round, of the diet and feeding
ecology of king penguins by Sweden a South Georgia (Subarea 48.3), South Africa a Marion
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Idand (Subarea 58.7), France a Crozet Idands (Subarea 58.6) and Austrdia at Heard (Division
58.5.2) and Macquarie Idands (adjacent to the Convention Ared) have adl shown that this species
(whose populations are increasing a dmost dl breeding Sites) depends on myctophids (>90% by
mass of diet in summer and rarely less than 75% by mass in any winter month). The attention of WG
FSA was drawn to the consderable potentiad for using coordinated research on diet and feeding
ecology of king penguins to monitor the relative abundance of myctophid species and overdl

changes in myctophid populations.

7.117 Other predators known to consume dggnificant quantities of myctophids include
black-browed abatrosses (unpublished UK data) and white-chinned petrds (WG CEMP-94/14) at
South Georgia Antarctic fur seds a South Georgia o take smdl quantities of myctophids in
February/March (WG-EMM-95/28).  Quarntitative data on the consumption of myctophids by
predators outsde Subarea 48.3 are very scarce. There are suggestions, however, that myctophids
could sometimes be important in trophic interactions in Subarea 48.1 (WGEMM-95/87) and further
research is encouraged.

7.118 Overdl, wGEMM recommended that the Scientific Committee should discuss interactions
between fish and their predators, and especially those between predators and harvestable species, in
a more forma way and should consder appropriate mechanisms for coordinating and evduating
research. Links between WG-FsA and scientists working on these predator/prey interactions should
be strengthened.

ADVICE TO THE SCIENTIFIC COMMITTEE

Management Advice

81 The Working Group recommended that the precautionary catch limit on krill for
Divison58.4.2, currently set at 390 000 tonnes in Conservation Measure 45/X1, should be increased
to 450 000 tonnes (paragraph 7.104).

8.2  The Working Group could not offer further advice on a precautionary limit in Area 48, or

appropriate subdivison within Area 48 in response to the request from CCAMLR-XI11, paragraph 8.6,
but anticipated that it would be able to do 0 at its next meeting following additiond andyses.
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Generd Advice with Budgetary/Organisationd Implications

Cooperation with Other Groups

. An effective mechaniam for condgderation of interactions between fish and their predators
should be devised (paragraph 7.118).

. CCAMLR should consider co-sponsoring asymposum on krill biology on receipt of arequest

and proposa from the organising committee (paragraphs 9.4 and 9.5).

. A CCAMLR representative should be nominated to the iwc Workshop on Effects of Climatic
Change on Cetaceans (paragraph 9.15).

. CCAMLR should nominate an observer to the SCAR-COMNAP group (paragraph 9.19).

. CCAMLR should nominate an observer to the krill fisheries workshop (Vancouver, Canada,
1995) (paragraph 9.20).

Publications

. Severd modifications should be made to the Scientific Observers Manual
(paragraph 3.15).

. Revisons to the CEMP Standard Methods should be distributed (paragraph 5.14).

. A high-qudlity booklet explaining, in non-specialised language, the ecosystem approach and
assessment methods developed by the Working Group, should be consdered
(paragraph 9.10).

. The work of WGEMM should be reported to the wider scientific community in a WGEMM

newd etter which would be written by the Convener.

Mestings

. The workshop on proposds for indices to monitor at-sea behaviour, which was to have
been held in 1996, should be postponed until 1997. Dr Boyd will pursue its organisation

I



during the intersessond period. The Scientific Committee was requested to adjust its
budget accordingly (paragraph 5.32).

. The Subgroup on Statistics should meet to develop methods for presentation of
comprehensive quantitative data on dependent and harvested species and data from the
fishery and environment to replace the current ordina presentation of datain Table 3. The
subgroup will be expanded to include participants expert in harvested species and
environmental data and the Convener, Dr Agnew, was requested to correspond with
interested participants and submit a proposd for a meeting in 1996 to the Scientific
Committee (paragraphs 7.98 and 7.99).

. The Subgroup on Monitoring Methods may need to neet to consder new methods and
revisons to old methods as identified above, preferably immediately prior to the next meeting
of WGEMM. The Secretariat will correspond with interested participants to establish a
proposa for such a meeting, to be presented to the Scientific Committee (paragraphs 7.98
and 7.99).

Future Work for WG-EMM

Development of an Ecosystem Assessment

. Further work on defining a drategic gpproach to ecosystem assessment is encouraged
(paragraph 2.9).

. Further development of nethods appropriate for conducting an ecosystem assessment is
required (paragraph 7.96).

. Assessments should be developed from the current quditative approach to a quantitetive
analysis (paragraph 7.96).

Surveys

. A new near-synoptic survey of Area 48 is recommended (paragraph 4.8). Papers
congdering detailed plans for this survey should be prepared for the next mesting.

. Further examination of errors in acoustic surveys of krill should be conducted (paragraph
4.12).



The use of multifrequency acoudic techniques in surveying should be examined

(paragraph 4.13).
The report of a survey of Divison 58.4.1 to be conducted in early 1996 by Austrdia should
be presented for consderation at the next meeting of WGEMM.

Data Collection/Anayss Methods

Members are requested to report their experience with gadtric lavage and stomach sample
techniques (paragraph 5.22).

Standard methods for Antarctic fur sea demography and diet studies should be prepared
(paragraphs 5.38 and 5.39).

Draft methods for analysis of petrel diet samples should be prepared (paragraph 5.42).

Methods for abatross and petrel lavage should be prepared (paragraph 5.44).

Ingtructions for the collection and preservation of samples to be taken in the event of disease
outbreak should be circulated (paragraph 5.51).

The Subgroup on Monitoring Methods should circulate for review proposed changes to
exiding CEMP methods and proposals for new ones (paragraph 5.53).

More extensve studies on the occurrence of fish in krill catches, particularly assessments of
when and where larva fish are mogt likely to be most vulnerable, should be conducted

(paragraph 7.4).

A table of exiding gpatio-temporal scdes should be circulated for revison during the
intersessond period (paragraph 7.96).

Data Submission/Acquisition/Access

All appropriate data on CEMP indicator pecies currently held by Members and which have

not yet been submitted, including historica data sets, should be compiled and submitted in
CCAMLR formats (paragraphs 5.12, 5.61, 5.62, 5.64 and 7.96).
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A bibliography of publications on diets, energy budgets and foraging ranges of dependent
gpecies should be maintained by cCAMLR (paragraph 5.101).

The acquigtion of comprehendve bathymetric and ssT data should be pursued by the
Secretariat.

CCAMLR should consider developing access to a number of its publicly available data sets
viaaWorld Wide Web ste (Www) (paragraph 9.17) .

Modelling/Andlysis

cPD caculations for 1994/95 should be presented by the Secretariat to the Scientific
Committee (paragraph 5.97).

Fina cdculations of the krill/dependent species modd for black-browed albatross
and Antarctic fur sed should be completed and presented a the next mesting
(paragraph 5.112) together with initid requests for a revised verson of the Adédlie penguin
modd.

Members should compare krill length frequency data from nets and predators
(paragraph 5.118) and examine time series of krill length frequencies from predators for
information on krill recruitment (paragraph 5.120).

The relationship between overal krill abundance and actud krill availability to predators
within aCPD requires investigation (paragraph 7.27).

Further work on the sub-modes within the conceptua framework of Figures 3 and 4 is
encouraged (paragraph 7.50 to 7.54).

Correspondence Groups

A correspondence subgroup should complete the andyss of recruitment estimates
(Dr Agnew (Convener), Prof. Butterworth, Drs de la Mare, Hewitt, Loeb and Siegd)
(paragraphs 4.48, 4.49 and Appendix D).



. A correspondence subgroup should consder Method A5 (Drs Agnew, Boyd, Kery
(Convener), Kooyman and Trivelpiece) (paragraph 5.19).

. A correspondence subgroup should consider the devel opment of appropriate sea-ice indices
(paragraph 6.49) and the formulation of specific hypotheses on the potentid effects of
sea-ice on components of the ecosystem (Drs Agnew, Croxdl, Halt, Miller (Convener),
Naganobu, Siegd and Trivelpiece) (paragraphs 6.48 and 6.49).

. A subgroup will carry out further work on the incorporation of information on predator
demand in the cdculation of precautionary catch limits and their alocation to subareas (Drs
Agnew, Boyd (Co-convener), Butterworth, Croxdl, de la Mare, Everson (Co-convener),
Holt and Naganobu) (paragraphs 7.77 to 7.80 and Appendix H).

. The group led by Dr Kim whose work resulted in a workshop in Hamburg, Germany
(Appendix 1), should continue to correspond to coordinate research activities

(paragraph 9.8).

OTHER BUSINESS

9.1 Given the many developments in the study of euphausid biology since the last symposum
held in 1982, it was suggested that CCAMLR, SCAR and other interested parties might investigate
ways of conducting and jointly sponsoring an international symposium in the near future.

9.2  Suchaproposa had been made in the last CCAMLR WG-Krill newdetter circulated in January
1995 by Dr Miller (Convener of wa-Krill) and Dr Watkins (Secretary, SCAR Subcommittee on
Krill) (WG-EMM-95/35).

9.3  TheWorking Group fdt that, in generd, the practice of conducting scientific symposiawould
facilitate the consderation of a large volume of scientific information of a broad nature contained in
papers submitted to CCAMLR meetings. Because of time congraints, CCAMLR Working Groups are
usudly only able to discuss matters of direct relevance to CCAMLR, leaving other biologicd
information without detailed congderation.

9.4  The Working Group agreed that there was a need and widespread support for such a
symposium. It was dso mentioned that the place and timing of the symposium should be decided as
early as possible in order to enable potentid participants to prepare their contributions and secure
funds. It was consdered that the symposium could not be convened earlier than in the next two or
three years.



9.5 It wasagreed that the attention of the Scientific Committee should be drawn to the proposal
and to the necessty of edablishing a symposum steering committee.  Meanwhile, Dr Miller was
invited to continue with plans and prepare a proposd for the Scientific Committee.

9.6 Since 1993 a group of CCAMLR Members, under the convenership of Dr Kim, has
conducted consultations to coordinate their shipboard research in the vicinity of the South Shetland
Idands during in the 1994/95 season and to arrange for collaborative evauation of survey results.

9.7  Coordinated research surveys were conducted from late November 1994 to late February
1995 by Germany, Japan, Republic of Koreaand the usa. Dr Kim informed the Working Group of
results obtained by the cCAMLR Workshop ‘Tempord changes in marine environments in the
Antarctic Peninsula area during the 1994/95 austrd summer’ held from 16to 21 July 1995 in
Hamburg, Germany (WG-EMM-95/58). A summary of the workshop report isgiven in Appendix |.

9.8  TheWorking Group congratulated Dr Kim on this initiative which provided for coordination
of research effort of severd countries and facilitated collection of vauable data, increasing our
knowledge of the area. The Working Group encouraged CCAMLR Members to continue to provide
outlines of their future research plans to the Scientific Committee and its Working Groups in order to
undertake such coordination in future.

9.9 Dr Kock (Charman of the Scientific Committee) suggested that the Scientific Committee
might consider preparation of a booklet describing CCAMLR g@pproaches to ecosystem monitoring
and management including a generd description of scientific concepts and mathematica modds.

Such a booklet would be a useful guide for the cCCAMLR community in underganding detalls of the
mathematicd models used and the development of the long-term Strategy for ecosystern monitoring
and management. The booklet would dso assst in raisng the profile of CCAMLR in internaiond
scientific and fisheries management communities.

9.10 The Working Group welcomed the proposad and emphasised that the booklet should
highlight ongoing processes in CCAMLR. It referred the proposa for further consderation a the
forthcoming meeting of the Scientific Committee.

9.11 The atention of the Working Group was drawn to the report of the 1995 planning meeting
of the SCAR APIS research program (SC-CAMLR-XIV/BG11). Dr Boyd highlighted the common areas
of interest between APIS and CCAMLR, particularly as regards the estimation of krill consumption by
pack-ice seds. Crabeater seds are probably the most numerous single consumer of krill in the



Antarctic and, since they are dready recognised by CCAMLR as a sdected indicator species, this
program will provide data of direct relevance to the management of krill fisheries.

9.12 TheWorking Group welcomed recent developments in formaisation of the APIS program. It
a0 noted the link established between cCAMLR and APIS through Dr Boyd.

9.13 The atention of the Working Group was drawn to the recent |etter received by Drs Everson
and Marin from Dr S. Reilly, Chairman of the 1wc Scientific Committee. In this letter Dr Relly
invites CCAMLR scientigts to take part in the Workshop on the Effects of Climatic Change on
Cetaceans, to be held in March 1996 on Oahu Idand, Hawaii.

9.14 The Working Group welcomed the opportunity of further developing cooperation with 1wc
and consdered that CCAMLR scientists may contribute to this workshop on the following two topics:

() biologicd changes in the maine environment which may affect distribution and
avallahility of krill; and

(i)  CcCAMLR gpproach to strategic moddling - atoal to develop management advicein the
context of achanging environmen.

9.15 Severd CCAMLR scientigs are likely to participate in the workshop and the Working Group
suggested that cCAMLR be officialy represented. Dr de la Mare and Mr Ichii agreed to prepare a
paper on behdf of the ccAMLR Scentific Committee outlining the CCAMLR agpproach to the topicsin
paragraph 9.14.

9.16 The Working Group acknowledged that much of the data collected as a result of initiatives
by wG-krill and wG-CEMP now formed data sets which both CCAMLR and other organisations were
finding increesingly useful. For ingtance, he IwC steering committee for research related to the
consarvation of large baeen whales in the Southern Ocean WG-EMM-95/31) examined the catch
digtributions of krill published in the Statistical Bulletin in relation to their investigations of krill asa
mgor prey item for whaes. The APIS report (SC-CAMLR-XIV/BGE11) adso makes reference to the
potential use of CCAMLR data.

9.17 In this connection, the Scientific Committeg' s attention is drawn to the increasing vaue of
CCAMLR'S long-term data sets not only to CCAMLR, but adso the internationd community. It was
suggested that some condderation should be given to the possbility of increasing ease of accessto
these data sets for the cCAMLR community (e.g., CCAMLR home page on the www).



9.18 Paper WGEMM-95/30 drew dtention to the involvement of SCAR and COMNAP in monitoring
man’s impact on the Antarctic environment and recorded the intention to harmonise their activities
with any related activities of cCAMLR. The Working Group noted that the introduction of exotic
disease into the bird and sed populations was an important concern to CCAMLR. A draft protocol
for the collection of samples for diagnosis in the event of a disease outbreak had been developed
(WGEMM-95/44) and was discussed (see paragraphs 5.46 to 5.51).

9.19 Dr Penhale noted that SCAR and COMNAP were holding two related workshops on ‘The
Role of Environmenta Monitoring in Preserving Antarctic Vaues and Resources (Odo, Norway,
17 to 20 October 1995; College Station, Texas, UsSA, 28 November to 1 December 1995). She
understood that SCAR and COMNAP were interested in learning from the CCAMLR experience of
developing monitoring protocols and a data management program. Since she would be attending
both workshops, she agreed to report the interet of wWGEMM/Scientific Committee to the
workshops and to report the outcome of these meetings to WG-EMM/Scientific Committee in 1996.

9.20 Dr Miller drew the Working Group's attention to a workshop on krill fisheries scheduled for
the period 13 to 16 November 1995 under the convenership of Dr A. Pitcher at the Universty of
British Columbiain Vancouver. Although various members of WG-EMM have been invited to attend
the meeting in thair private capacities, given the meeting's potentid importance, the Working Group
urged that ccAMLR should be represented. Dr Miller undertook to put Dr Fitcher in contact with
the Scientific Committee chairman with aview to soliciting the necessary invitation to CCAMLR.

9.21 On a related matter, the Working Group noted that WG-EMM-95/48 had been tabled in
response to a request by wWG-Krill for information on krill fisheries outsde the Convention Area. The
Working Group welcomed this paper and recognised that the important information on the Japanese
E. pacifica fishery which it contained was of paticular interest to CCAMLR. In particular, such
information described management measures and the ancillary use of environmentd data in thelr
formulation. The Working Group recommended that the paper be tabled a the Scientific
Committee' s next meeting so that the information it contained could be more widdy disseminated.

ADOPTION OF THE REPORT

10.1 Thereport of the firs meeting of WG-EMM was adopted.



CLOSE OF THE MEETING

11.1 Indosing the meeting, the Convener expressed the sincere thanks of the Working Group to
Prof. Focardi and his colleagues in Siena for the substantia amount of work they had done to ensure
that the meeting ran smoothly.

11.2 He dso thanked participants, section coordinators, al rapporteurs and the Secretariat for
their contributions to an extremely successful meeting. The direction of work for this new Working
Group WGEMM) has been st by this meeting and it has made substantia progress towards its
objectives.

11.3 Dr Kock, the Scentific Committee Chairman, congratulated the Convener on a mesting that
had taken such important steps forward, and noted that a mgor part of this was due to the
Convener’s detailed preparation for the meseting.

11.4 The Convener closed the mesting.
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Table 1 Output from the krill yield model, with variance of the survey estimate (s,) set at various levelsto
take account of imprecision additional to that arising from inter-transect variation (paragraph 4.55).

P(Bsp <0.2in 20 years) Median Bg, after 20 years

g $s=03 | s,=04 Ss=05 Ss=03 ss=04  s,=05

0 0 0 0 1.00 1.00 1.00
01 0.02 0.03 0.04 0.78 0.79 0.79
0.11 0.04 0.05 0.06 0.76 0.77 0.77
0.12 0.05 0.06 0.07 0.74 0.74 0.75
0.13 0.06 0.08 0.09 0.72 0.72 0.73
0.14 0.08 0.10 0.12 0.69 0.70 071
0.15 0.10 012 0.14 0.67 0.68 0.68
0.16 0.13 0.15 0.17 0.65 0.65 0.66
] 0.149 0.140 0133

@ 0.116 0.116 0.120




Table2: Data submission for the 1994/95 season.
Site Parameter/Species
Al A2 A3 A5 A6 A7 A8
EUC PYD |PYD|EUC PYD PYN PYP|PYD PYN|EUC PYD PYN PYP|EUC PYD PYN PYP|EUC PYD PYN PYP
Anversls USA USA USA USA USA
Béchervaisels AUS | AUS AUS AUS AUS AUS
BirdIs GBR GBR GBR GBR GBR | GBR GBR | GBR GBR
Cape Shirreff
Magnetic Is
Sed Is USA
Signy Is GBR GBR GBR GBR GBR GBR
TerraNova ITA ITA ITA ITA ITA ITA
Hope Bay ARG | ARG ARG ARG ARG
Site Parameter/Species
A9 BL2 |C1 Cc2
EUC PYD PYN | DIM | SEA | SEA
Anversls USA
Béchervaise Is AUS
BirdIs GBR | GBR | GBR
Species code: Country code: Cape Sh_' rreft CHL
EUC  macaroni penguin ARG  Argentina Magnetic Is
PYD Adélie penguin AUS  Austraia Sed Is USA USA USA
PYN chinstrap penguin CHL Chile Signy Is
PYP gentoo penguin ITA Italy
DIM  black-browed albatross GBR UK TerraNova ITA
SEA fur seal USA  USA Hope Bay ARG




Table 3:

Assessment of predator and prey studies, 1988 to 1995. Predator parameters were obtained from WG-CEMP-94/16 unless otherwise referenced in the tables.
Data are given qualitative rankings: High, Medium, Low, Very Low (H, M, L, VL). The symbols +, O, - indicate changes in parameters between successive
years. Foraging duration is expressed as the relative length of foraging trips to sea (S = short, M = medium, L =long, VL = very long). Information within the
boxes relates to assessments based on the data, collected in accordance with standard methods and actually submitted to the CEMP database.

3.1 Site: Anversls, Subarea48.1

Y ear Addlie Krill Environment
Breeding Population Breeding Fledging Foraging Catch CPUE Biomass Snow Seaice Ocean
Size/Change Success Mass Trip
(A3) (AB) (A7) (AS) 100-km | Subarea
radius

1988 -

1989 -

1990 L L M

1991 L M L

1992 H (First census) H H L

1993 L -- M H S

1994 L -or0 M L M

1995 L -- H L M




3.2 Site: Cape Shirreff, Livingston Is, Subarea48.1

Year Antarctic Fur Seal! Chinstrap? Krill
Breeding Breeding Pup Growth Breeding Breeding Catch CPUE Biomass
Population Success Rate Population Success
Size/Change (c2 Size/Change (AB) 100-km Subarea
(A3) radius
1988 L M
1989
1990 L
1991 M + H ?
1992 H + H 0
1993 H + H 0
1994 H + H +3 -
195 | L + H H +
Year Environment
Snow Sea-ice Ocean
1988
1989
1990
1991 H
1992 M +Brash
1 WGCEMP92/53; WGCEMP-94/28; WG-EMM-95/77 1993 L Iceberg
Boletin Antartico Chileno, Val. 11 (1): 12-14 1994 L -
3 Submitted data comprise only two sets of weighings 1995 H +iceberg




3.3 Site: Admiralty Bay, King George Is, Subarea48.1

Year Gentoo Addlie Chinstrap Krill Environment
Breeding Breeding Breeding Breeding Breeding Breeding Catch CPUE | Biomass | Snow | Searice | Ocean
Population Success Population Success Population Success
Size/Change (AB) Size/Change (A6) Size/Change (AB) 100-km | Subarea
(A3) (A3) (A3) radius

1983 | M - M H M L - M

1989 | M + H H H M + H

1990 | M - M M - M M L

1991 | L - M L - L L - L

1992 (H ++ H L + H M + H

1993 | H + H L - M M + M

194 (H -or0 M L + H M + M

1995 | H 0 H L - H L - H

(This summary table was constructed without reviewing the actual data and may contain source errors)
3.4 Site: Ardley Island and Stranger Point combined, King George Island, Subarea48.1. Esperanzadata used for 1991 for Stranger Point.
Year Addlie! - Ardley Chinstrap? - Ardley Adélie3 - Stranger Krill Environment
Breeding Breeding Breeding Breeding Breeding Breeding Catch CPUE | Biomass | Snow | Seaice | Ocean
Population Success Population Success Population Success
Size/Change (AB) Size/Change (A6) Size/Change (AB) 100-km | Subarea
(A3) (A3) (A3) radius

1988 | H H M M L - H

1989 | H M M H L - H

1990 | M L H L M - M

1991 | L M L M M - L

1992 | M ? L M ? + ?

1993 (M L L M

1994 | H + M L + M

1 WGKirill-92/21; WG-CEM P-92/54; Vaencia, unpublished data
2 WG-CEMP-92/54; Valencia, unpublished data

3 WG-CEMP-92/6; WG-CEMP-92/45
Note: 1991 datafrom Esperanza




3.5 Site: Sedl Island, Elephant Island, Subarea 48.1

Year Chinstrap? Antarctic Fur Seal? Krill3 Environment
Breeding Breeding | Fledging | Foraging | PupsBorn | Foraging | Pup | Weight Catch CPUE | Biomass | Snow | Seaiice | Ocean
Population | Success | Mass Trip Number/ Trip Growth | at Age g/m?
Size/Change (A6) (A7) (A5) Change Rate 100-km | Subarea
(A3) (€2 radius
1988 | M ? M H S M + M M H
1989 | L - L H L VL - ? H L
1990 | H + H M L M + M L L 58.6
1991 [ M - L L M L - L H L 26.3
1992 | H + M M M M + M M H 454
1993 | H - M M S M 0 L M M 111.44
194 M L M M 0 M M H 88
1995 M M 0 M M 1015
1 Dataarefromthe CCAMLR Data Centre and WG-CEMP-90/21, 91/11, 91/33, 92/17 and 93/27
2 Dataarefrom the CCAMLR Data Centre and WG-CEMP-89/21, 90/34, 90/41, 91/11, 92/17 and 93/27
3 Datafrom document WG-Joint-94/9 4 Value may beartificially high due to difficulty differentiating between echo signals from salps and krill
3.6 Site: Signy Is, South Orkneys, Subarea 48.2
Y ear Addie Chinstrap Gentoo Krill Environment
Breeding Breeding Breeding Breeding Breeding Breeding Catch CPUE | Biomass | Snow | Seaicel | Ocean
Population Success Population Success Population Success
Size/Change (AB) Size/Change (AB) Size/Change (AB) 100-km | Subarea
(A3) (A3) (A3) radius
1988 | H + M L - H H ++ H H
1989 | H 0 L-M L 0 H H H H
1990 | M - L-M M + L H L L
1991 (L - M L - H M H M
1992 | M + M-H L-M + H M - H H
1993 | M 0 H M 0 H H + M ?
199 | M + L M + L H + L ?
1995 (L -- M L -- M H + M

1

Murphy et al., (in press)




3.7 Site: Bird Idand, South Georgia, Subarea48.3

1

Year Gentoo Macaroni Black-browed Albatross
Breeding | Breeding | Krill | Meal | Fledging| Breeding | Breeding| Krill | Meal | Arrival | Fledging| Breeding | Breeding| Adult Growth
Population | Success in Sze Mass Population | Success in Sze | Mass | Mass Population | Success | Survival Rate!
Size/Change | (A6) Diet | (A8) (A5) Size/Change | (A6) Diet | (A8) | (A1 (A5) | Size/lChange| (B2) (B3)
(A3) (A8) (A3) (A8) (B1
1988 | M - M M H M - L - - L --- VL M -
1989 | H ++ M H M-H M H + H M M M H M ++ M L H
1990 | H - L-M M M H M - H M M H M M 0 M VL L
1991 | L -- VL L L L M - H L L L M L-M - VL M M
1992 | M + H M M H M 0 M H H M H L - M ? H
1993 | M 0 H H M-L M M 0 M-H H M M M L + H ? H
194 | L-M - VL VL VL L L-M - M VL L M L L - VL ? ?
1995 | L -- L-M M H L-M L -- M M L M L VL -- VL ? ?
Year Krill Environment
Catch CPUE | Biomass | snow? | Sea-ice3 | Ocean
100-km | Subarea
radius
1988 H H
1989 M M
1990 M L
1901 M L
1992 H M-H
1993 M L-M
194 M ?
1995 H

P.A. Prince, unpublished data

2

Black-browed albatross only

3 Lunnetal., 1993 (WGCEMP-93/10)




3.8 Site: Bird Idland, South Georgia, Subarea48.3

Y ear Antarctic Fur Seal
Pups Born Birth | Perinatal | Foraging | Pup Growth | Wean | Breeding Pregnancy Survival Recruitment
Number/ | Mass? | Period? Trip Rate Mass? | Success! Rate® Rate® Rate®
Change! () (€2
1988 | H - H M S M M M L-M M M
1989 | H - H M M M H M L H M
1990 |H + H M S L-M M M M-H M VL
1991 | L -- L S VL M M H L-M M L
1992 | L-M + M M M M M-H L M H M
1993 | H + M M M-L M-H M-H M H M-H L
199 | M - M ? VVL M L VL H ? ?
1995 | L-M - M ? M L-M M M ? ? ?
Y ear Krill Environment
Catch CPUE | Biomass | Snow | Seg-icel | Ocean
100-km | Subarea
radius
1988 H
1989 M
1990 L
1991 L
1992 M-L
1993 M-L
1994 ?
1995

1 Boydetal., 1995 (WG-EMM-95/26) and BA Sunpublished data
2 Datafrom Lunn and Boyd, 1993 (WG-CEMP-92/41), Lunnet al., 1993 (WG-CEMP-93/9), Boyd, unpublished data
3 Boydet al., 1995 (WG-EMM-95/26)



3.9 Site. Béchervaisesland, Mawson, Division 58.4.2

Y ear Adédlie Krill Environment
Arrival | Incubation Shift (A2) Breeding Breeding | Fledge Krill Catch CPUE Biomass | Snow | Sealce | Ocean
Mass Population | Success | Mass in Diet
(A1) 1t ond | Sizelchange | (A6) | (A7) | (A® | 100km | Subarea
(A3) radius
1991 Start Start Start Start L M
1992 Start 0 0 +1 0 Start 0 L M
1993 0 - - - - 0 Ma M
199 - - + + 0 L L
1995 0 0 0 Nil Nil VL L H

1 Proc. Nat. Inst. Polar Res., 6 (1993)
0 = nochange

1995 Note: No chicksfledged. All died during guard phase. Ice: H = fast ice continuous to horizon late January; M = open water to horizon mid-January; L
=late December

3.10 Site: Edmonson Point, Ross Sea region, Subarea 88.2.

Y ear Adédlie

Breeding Population Foraging Trip
Incubation Shift Size/Change Duration Breeding Success Fledge Mass Krill in Diet
(A2) (A3) (A5) (A6) (A7) (A8)
1994 - start - - - -
1995 start 0 start start start start

Snow: L = little snow or none; Ma = medium snow during pre-egg stage; Mb = medium snow

during chick fledging; H = snow in colony for most of the season

0 =no change
WG-EMM-95/47



Table 4: Time series of data concerning foraging performance, diet and foraging range of predators. Indicesreferred toin thetable are:
a.  Chick/pup survival f. Diet
b. Chick/pup growth f.(i) Med size
c. Foraging trip duration f.(i) Meal frequency
d. Parental condition f.(iii) Meal composition
e. Foraging location f.(ii).a Krill length
e() Arealrange f.(iii).b Fishage/size
e(ii) Depth f.(iii).c Squidsize
Species Location Country/Operator Index Time Series
Antarctic fur seal Bird Idand UK a, b, ¢, d (pup birth mass) 1984-1995
e(i) 1995
e(ii) 1988-1995
f.(iii).a f.(iii).b 1991-1995
Seal Island USA/AMLR a b, c d, e(),e(i) 1988-1995
Black-browed albatross Bird Island UK a 1976-1995
b, c 1976-1977, 1980, 1989-1995
d 1994-1995
e(i) 1993-194
e(ii) 1994-1995
f.(iii).a f.(iii).b, f.(iii).c 1976-1977, 1980, 1985, 1988, 1994
f.(1), f.(ii) 1976-1977, 1980, 1990-1995
Gentoo penguin Bird Island UK a 1976-1995
b By in 1977-88; 1989 -1995
¢, d (massat arrival) 1986-1989
e.(i) (range) 1986-1988
e(ii) 1986-1988
f.(i) By in 1977-88; 1989-1995
f.(ii) 1977, 1986-1988
f.(iii).a By in 1977-88; 1989-1995
f.(iii).b 1986-1988; 1990-1995
f.(iii).c 1990-1995
Admiralty Bay USA/NSF a 1977, 1981-1995
b 1977, 1981-1982
d (adult mass) 1981-1995
e(i) 1989-1992, 1994
£.31), f.(ii), f.(iii).a 1977-1982, 1987-1995
f.(iii).b 1987-1995




Table 4 (continued)

Species Location Country/Operator Index Time Series
Macaroni penguin Bird Island UK a 1977-1995
b 1977, 1980, 1986 -1995
c 1977
d (mass at arrival) 1977, 1989-1995
e.(i) (range) 1989, 1993
e(ii 1989, 1993
f.(i) 5y 1977-1938, 1990-1995
f.(ii) 1977
f.(iii).a 5y 1977-1988, 1990-1995
Adélie penguin Béchervaise Island Austraia a, b, ¢, d (various derived indices), e.(i), e(ii), f.(i), f.(ii), 1991-1995
f.(iii).a f.(iii).b
Admiralty Bay USA/NSF a 1977, 1981-1995
b 1977, 1981-1982
c 1981-1982, 1987-1995
d (adult mass) 1981-1995
e(ii 1989-1992
£.31), .(ii), f.(iii).a 1977-1982, 1987-1975
f.(iii).b 1987-1995
TerraNovaBay Italy a b, ¢, d (various derived indices), e.(i), e.(ii), f.(i), f(ii), 1995
(Edmonson Point) f.(iii).a, f.(iii).b, f.(iii).c
Palmer Station USA/AMLR/NSF ab,c 1990-1995
f.(0), f.(i1), f.(iii),a b, c 1987-1995
Chinstrap penguin Admiralty Bay USA/NSF a 1977, 1981-1995
b 1977, 1981-1982
d (adult mass) 1981-1995
c 1989-1992
efi) 1977-1982, 1987-1995
£.31), f.(iD), f.(iii).a f.(iii).b 1987-1995
Seal Island USA/AMLR a b, c d, e(),e(ii) 1988-1995




Table5:

Environmental variables considered important to an ecosystem assessment. The rows are not aligned to imply specific relationships between columns.

Medium Features Variables Methods Examples Comments
Ocean Global circulation Water mass distribution Standard transects and grids | East wind drift Affects prey biology, distribution,
and transport.
Regional circulation Physical properties Current measurements Weddell gyre Affects predator foraging capabilities,
(temperature, salinity, (current meters, buoys, ADCP, e.g. through changesin wave height,
density, etc.) drifters, geostrophic) water column light attenuation.
Fronts Nutrient fields Satellite (SST) Weddell-Scotia
confluence
Topographic interactions | Current velocity field Model data Shelf circulation
Eddies Eddy field Bathymetric data Circumpolar deep water
in the Peninsularegion
Wave height Sound velocity, sealevel, tide
Light attenuation
Ice I nterannual/seasonal Ice area - global/regional Satellite Interannual variability | Refugia

sea-ice development
Global

Regional

Local

Ice-edge processes

Polynyaand leads

I ce edge position
Ice dynamics
Rate of change

Concentration
Type/thickness
Floesize

Albedo

Ice Colour
Optical properties
Melting stages

Field - ship/station
Ground truthing
Ice coring

Light measurements
for optical properties

Snow cover thickness

in maximum extent in
the Peninsularegion

Regional connections;
Bellingshausen -
Peninsula-

Weddell

Longterm change

Ecology of M1Z

Overwintering - possible link to
recruitment strength?

Prey redistribution?
Access for predatorsto prey.

Suitability as breeding sites.

Affectsfishery operations (ice cover).




Table5 (continued)

Medium Features Variables Methods Examples Comments
Atmosphere | Global climate Pressure gradients Satellites, e.g. scatterometer, | Weather system Indirect effect on marinelife?
cloud cover, irradiance, UV - frequency in the (except UV?)
Regional Wind stress field Peninsularegion Direct effect on predators.
- tracksin Scotia Sea
Weather systems Cloud cover Field measurements Flight tracks.
- meteorol ogical Global change
Katabatic winds Precipitation observations Foraging strategies.
- ground truthing Wind stress effects on
Temperature, humidity, etc. water column structure | Breeding success?
Irradiance
Terrestrial Topography Snow cover Satdllite + field Seasonal variability Availability of nesting sites.
measurements
Geology Breeding site suitability Site availability for Penguin population changes.

Habitat suitability
V egetation cover

Glacier

- height
- wind direction
- substrate

V egetation
Access
Glacid retreat

Aerial photography

Field observations for
ground truthing and direct
measurements

population expansion?

Good characterisation of bathymetry is required.
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Schematic diagram of the processes involved in ecosystem monitoring and management. The basic
ecosystem COMPONENTS are Environment, Dependent Species, Harvested Species and Fisheries.
They interact via ecosystem LINKS (thin lines). They also all have an as yet undefined relationship
(thick lines) with an ‘ ecosystem assessment’ which incorporates ecosystem monitoring. Strategic
modelling is the process whereby the links between components, and between components and the
ecosystem assessment are evaluated. Thefinal step in the schemeisthe evaluation of management
approaches, and the determination of its links with the ecosystem assessment (doubl e lines).
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Figure2: Relevance of various ecosystem parameters to the components and links identified in Figure 1.
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Conceptual framework of system processes. This figure describes the first step in a strategic
modelling exercise and demonstrates the relationships between ecosystem components. The
direction of arrows indicates the effect of one component on another, and the thickness of an

arrow indicates the perceived importance of that link.
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APPENDIX D

REPORT OF THE SUBGROUP FOR THE REFANALYS SOF RECRUITMENT
AND ABUNDANCE INDICESFOR ELEPHANT ISLAND

The subgroup developed specifications for re-andyss of the net haul survey data presented
in WGEMM-95/15 using the methods employed by wGkrill at itslast meeting.  The subgroup agreed
that the following andyses should be undertaken.

Prepare areview of the information available about the digtribution of krill by age in and
around the study area as an ad to interpreting the results of anayss. This should
include areview of avallable information about krill movements into and out of the sudy
area, and, to the extent possble, where and for how long krill may be retained in the
area

Anaysds of recruitment proportions usng the maximum likdihood method (de la Mare,
1994%) for both 1+ and 2+ recruitment proportions.

Andyss of net haul abundance edtimaes usng the deta didribution etimators
(Pennington, 19837 de laMare, 19941).

Andysis of the 1+ and 2+ recruitment proportions for possible serid correlation.

2. For producing a time series of annud recruitment proportions from the Elephant Idand
aurveys, the anayses will be solit by month and pooled after andyds usng inverse variance
weighting. Where one or more of the separate surveys show zero recruitment, i.e. empty classes
over the range of lengths for recruits, the raw data should be pooled before analys's, so asto avoid
averaging with an infinite waght.

3. The complete net haul data from wide-area surveysin 1985, 1987 and 1989 should also be
anaysed for recruitment proportions and dendties.

delaMare, W.K. 1994. Estimating krill recruitment and its variability. CCAMLR Science, Vol. 1. 55-69.
Pennington, M. 1983. Efficient estimators of abundance for fish and plankton surveys. Biometrics, 39: 281-
286.
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4, It is recommended that the Working Group establish a steering group to coordinate the
andyss and develop the methodology to be employed in incorporating the recruitment indices into
the krill yild modd. The steering group should include a least Dr Agnew, Prof. Butterworth, Drs
delaMare, Hewitt, Loeb and Siegd.

5. Dr De la Mare will make available the most recent verson of the maximum likelihood
program, complete with user notes, to Drs Siegel and Loeb as soon as possible after the meeting
(early September).

6. Drs Siegd and Loeb will circulate the results of the review of krill digtribution and the re-
analyses before January 1996 to members o the steering group. Dr De la Mare will estimate the
autocorrelaion coefficients and possible trends from the analyses. The steering group will provide
such comments as it beieves to be necessary in interpreting the results, and make the results
available to members of the Scientific Committee and WGEMM. The steering group will, by
correspondence, determine the next steps to be taken to take the results into account in caculating
precautionary catch limits for Area 48, and arrange for preliminary caculations to be completed in
time for the next meting of WGEMM.



APPENDIX E

REPORTSOF MEMBERS' ACTIVITIESRELATING TO CEMP

This gppendix contains descriptions of Members activities in reation to CEMP that were
submitted to this meeting by participants (Argenting, Audrdia, Chile, Italy, Japan, New Zedand,
Norway, South Africa, Sweden, UK and UsA).

2. In February and March 1995, Argentina conducted a research cruise around the South
Georgia and South Orkney Idands as well as in the waters of the Wedddl/Scotia confluence. The
firg leg of the cruise was focused on afish survey and the second on akrill survey. During the krill
survey, acoudtic data using a Simrad Ek500 echosounder as well as net samples were collected. The
data from both surveys will be available to CCAMLR-XIV. A smilar cruise is planned for the next
Season.

3. Studies on the use of shag dietary data to monitor changes in coastd fish populations at
Duthoit Point and Haf-moon Idand were continued, in the South Shetland Idands and at Pirie
Peninsula a Laurie Idand in the South Orkney Idands. Next season, the study area will be
extended to include Harmony Point, Nelson Idand.

4, Severd parameters of Adéie penguins were measured in accordance with CEMP Standard
Methods at Stranger Point, Hope Bay and Laurie Idand. For the next season it is planned to
continue this routine.

5. The diet of the cape petrd at Laurie Idand has been studied as part of bird monitoring
dudies. Thisline of work will be continued.

6. Audtrdia continued its CEMP monitoring program a Béchervaise Idand using automated
means supplemented by manuad observations. The 1994/95 season was unusud in that al chicks
died in the guard phase. Studies reported in WG-EMM-95/33 suggested that these deaths were dueto
garvation. Disease has hot been implicated and no fishing has occurred in the foraging region over
the past five years. Plansfor the 1995/96 season include further investigations of this phenomenon in
addition to routine monitoring at Béchervaise Idand.

7. Augrdiawill also conduct monitoring studies during the 1995/96 season only at Casey and
probably Dumont d' Urville in collaboration with France. These studies are being



undertaken in conjunction with the extensive krill survey to be conducted by Audrdia in Divison
58.4.1 WGEMM-95/43). Satdllite tracking combined with TDRs will be used to determine foraging
range/depth at dl Stes.

8. During the Antarctic season 1994/95 the Ingtituto Antartico Chileno carried out a census
induding weighing pups in the Arctocephalus gazella breeding colony a the CEMP sSite, Cape
Shirreff and San Telmo Idands.

9. Counts from this season (15 841 animds) and dl previous seasons were tabled
(WG-EMM-95/77). Pups were weighed using CEMP Standard Method C2.B. On each occasion 50
individuas of each sex were measured.

10. A census of post-breeding colonies of eephant sedls at Cape Shirreff was dso conducted.
A tota of 656 elephant sedlswas counted in 1995 in comparison to 1 375 animals counted in 1994.

11. A totd of 251 kg of marine debris was collected in 1995 at Cape Shirreff, after the study
basdine was established in 1994. Two specimens of A. gazella were recorded entangled, and one
of them - afemde - was released from the neck collar (piece of net). An exploratory andyss of
heavy metds in bones from carcasses of Antarctic fur sedls has aso been undertaken.

12. A bathymetric chart of waters around Cape Shirreff and the San Telmo Idands CEMP Ste
and sssi No. 32 was published in September 1994 by the Servicio Hidrogréfico y Oceanogréfico
de la Armada de Chile (SHOA), (SHOA chart No. 14301, scale 1:15 000). A copy of this chart has
been submitted to the CCAMLR Secretariat.

13.  During the 1994/95 season ajoint Itay/Audtraia biological research program on the biology
of Addie penguins was undertaken at Edmonson Point (74°21' S, 165°05'E) in the Ross Sea region.
The dte, colony layout and breeding chronology were documented.

14.  Invedigation of diet and foraging activities were carried out using andyss of foraging trip
duration and stomach contents combined with saelite tracking and time-depth recordings.
Toxicologicd and disease studies were commenced.

15.  Aspat of the program an automated penguin monitoring system (APMS) was ingtdled to
collect data automaticaly. Data on CEMP parameters A2, A3 and A5 to A9 were submitted. The
program will continue in season 1995/96.



16.  Jgpan continues to monitor the annud trends in breeding population size of Addie penguins
near Syowa Station. From this coming season, studies on Addie penguins will be conducted with an
emphasis on predator-ice interaction using new techniques.

17.  New Zedand continues its research activities in the Ross Sea which are closaly related to
CEMP gods. Monitoring of the sze of some of the southernmost Adélie penguin breeding colonies
on Ross Idand has been carried out regularly since the 1960s, and for al other colonies in the Ross
Seasince 1981.

18.  In 1995 Norway continued studies of Antarctic petrels a Svarthamaren, Dronning Maud
Land with logistic support from South Africa.

19. Norway dso paticipated in the survey of pack-ice sed's conducted from a us coastguard
ice-breaker during February/March 1995.

20. In May 1994, South Africa initiated monitoring of various aspects of the biology of gentoo
penguins Pygoscelis papua) and macaroni penguins Eudyptes chrysolophus) a Marion Idand
(Prince Edward Idands), in accordance with cCEMP Standard Methods. Some of the CEMP
procedures were aso applied to rockhopper penguins (Eudyptes chrysocome). Breeding colonies
of gentoo penguins were found to be unduly disturbed by some of the more intensve monitoring
procedures. To reduce disturbance to this species, information on its breeding success and breeding
chronology in 1995/96 will be based on observations made from outsde breeding colonies using
binoculars.

21. In July 1994, a census indicated that 1 346 pairs of gentoo penguins were breeding at
Marion Idand. In November 1994, counts were made of 173 077 pairs of rockhopper penguins
and 841 pairs of imperid cormorants (Phalacrocorax atriceps) breeding at Marion Idand. All
three of these counts are substantidly (25 to 52%) higher than the previoudy reported figures for
breeding populations a Marion Idand - 888, 137 652 and 589 pairs respectively (Cooper and
Brown, 1990, S. Afr. J. Antarct. Res,, 20(2): 40-57).

22.  Sweden has no CEMP-rdated monitoring activity. Badic research on king penguins and
elephant sedls is undertaken in cooperation with BAS (UK).

23. During March/April 1995 a bottom fauna survey around South Georgia usng a ROV
(SeaOwl MK 11) was undertaken in collaboration with the usa (AMLR program).



24. UK land-based research in support of CEMP is conducted at Signy Idand, South Orkney
Idands and Bird Idand, South Georgia Parameters measured in 1995 were identica to those
recorded in 1992 to 1994 (sc-CAMLR-XI, Annex 7, Appendix D, paragraph 20) and are listed in
Table 1 of sSC-CAMLR-XIV/BG/2.

25.  Inaddition, the detailed demographic studies on grey-headed and black-browed abatrosses
and on Antarctic fur seds were continued, and these now provide annua data on population Sze,
adult survivd, juvenile survivd (recruitment), breeding frequency and breeding success for
albatrosses and age-specific fecundity rate, materna mass, pup birth mass and breeding success for
fur sedls.

26.  Additiond directed research (summarised in Table 2 of SC-CAMLR-XIV/IBG2) isbeing carried
out on:

() chick growth, foraging trip duration, med Sze and a-sea activity budgets of
abatrosses, especially black-browed abatross; and

(i)  aspects of diving performance and &at-sea activity and energy budgets in Antarctic fur
Sedls.

27. The UK was represented on a research cruise on a US coastguard icebresker in
February/March 1995. During the cruise, a survey of pack-ice sed digtribution and abundance
between Adédlie Land and the eastern Weddell Sea was carried out. The primary am was to
examine the methodology involved in carrying out surveys of sedsin pack-ice and to deploy satellite
transmitters on crabester sedls. The survey showed that line transect methods were greatly superior
to those using strip transects and that surveys from ships moving through pack-ice can be as effective
as hdlicopter-based surveys. This cruise contributed to the SCAR APIS research program.

28.  United States activitiesin 1994/95 directly related to CEMP consisted of :

() land-based predator studies at Sed Idand, near Elephant Idand, and a Pamer
Station, Anversidand;

(i) repeated surveys of hydrographic conditions, phytoplankton production, and krill
abundance and digtribution in the waters surrounding Elephant Idand; and,

(i)  cooperative Japanese/us predator/prey interactions study at Elephant Idand.



Preiminary reports on activities (i) and (ii) are provided in the AMLR field season report, WG-CEMP-
94/37.

29. At Sed Idand, monitoring according to CEMP Standard Methods and directed research in
support of CEMP objectives were conducted on populations of Antarctic fur seals, chingtrap penguins
and macaroni penguins. Field procedures were conducted for Standard Methods A4, A5, A6
(procedures A and C), A7, A8, A9, C1 and C2. In addition, directed research was conducted on
foraging ecology and at-sea behaviour of fur seds and penguins, and penguin breeding population
dze. An automated, land-based system for tracking seals and penguins to determine foraging
locations was further developed and tested.

30.  Two 30-day cruises were conducted aboard the NOAA ship Surveyor from mid-January to
mid-March 1995 in the vicinity of the Sed Idand CEMP Ste near Elephant Idand. Chlorophyll a
concentrations, primary production rates, organic carbon concentrations, phytoplankton species
compositions, nutrient concentrations, and solar irradiance were measured and mapped. 1n addition,
the digribution and abundance of krill were measured usng sampling nets and hydroacoustic
ingrumentation.

31.  During December 1994 and January 1995, a collaborative cruise with Japanese scientists on
board the Rv Kaiyo Maru was conducted near Elephant Idand to investigate predator/prey
interactions among Antarctic krill and its marine mamma and bird predators. Shipboard surveys of
hydrographic conditions, phytoplankton production, krill distribution, abundance and demography
were conducted.

32.  In support of the NSF's LTER Program an oceanographic cruise was conducted by the NSk
ship Polar Dukein January 1995. Primary production rates, chlorophyll a concentrations, organic
carbon concentrations, microbid production rates, nutrient concentrations and irradiance were
investigated in an area from Pamer Station to Rothera Station.  Krill distributions were measured
using nets and acoudtic instrumentation. Seabird surveys were conducted and Adélie penguin diet
samples were collected in the PAmer Station area.

33.  Anticipated cEMP-related fied work in 1995/96 will include continued penguin monitoring at
Pdmer Station. Studies at Sedl 1dand are likely to be suspended because of safety conditions on the
idand. Various stes suitable for the relocation of the camp will be inspected during the 1995/96
season and a new site will be established in the 1996/97 season. The LTER program will continue to
conduct field research smilar to that conducted this year. Additionaly, there will be an increased
focus on moddling sudies of vdueto the LTER, AMLR, t0 CCAMLR and to GLOBEC.



34. In addition, a collaborative study with Sweden was conducted aboard the Rv Surveyor
during January/February 1995 in waters around South Georgia usng a ROV. The study’s primary
objective was to investigate Antarctic crab abundance and digtribution. However, this objective
could not be accomplished because of severe sea States and currents, therefore, the secondary
objectives were invedtigated. These were to investigate benthic communities in inshore regions
around South Georgia
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APPENDIX F

EXTENSIONSTO KRILL-PREDATOR MODELLING EXERCISES

Black-browed abatross

()  Adult survivd rae. Annud estimates and associated variance to be taken from Prince
et a. (1994)".

(i) Fecundity: Dataon annud laying rates and fledging success to be taken from Prince et
a. (1994)1. The associated precison may be estimated under the assumption of a
binomid distribution (as these data pertain to the whole study population).

(i)  Population trend: Sub-adult surviva rate to be adjusted so that the modd population
reflects the observed decline of 31% from 1976 to 1989 (Prince et d., 1994%).

(iv) Dengty dependence: It may be assumed that fecundity doneis responsible for dendty
dependence. As a guide to the possible leve of such dependence, an estimated
maximum population rate of increase of 5% per annum for the wandering dbatross (de
la Mare and Kerry, 1994%) may be used. A further guide which may be more
gppropriate is provided by the data on observed maximum rates of increase of black-
browed abatrosses at different colonies a Bird Idand as set out in Croxdl et d.,
1994°,

(v) Agea firg laying: Thisisto be taken as 10 years (amoda vadue - see Croxall et d.,
19943).

1

Prince, P.A., P. Rothery, J.P. Croxall and A.G. Wood. 1994. Population dynamics of black-browed and grey-
headed al batrosses Diomedea melanophris and D. chrysostoma at Bird Island, South Georgia. 1bis, 136: 50-
71

delaMare, W.K. and K. Kerry. 1994. Population dynamics of the wandering albatross (Diomedea exulans)
on Macquarie Island and the effect of mortality from longlinefishing. Polar Biology, 14(4): 231-241.

Croxal, JP., I.L. Boyd and P.A. Prince. 1994. Modelling functional relationships between predators and prey.
Document WG-Joint-94/5. CCAMLR, Hobart, Australia.



(b)

Antarctic fur sed

()  Adult survival rate. The annua estimates provided in Table 1 of Boyd et d. (1995)*,
which dso provides estimates of precison, are to be inflated so that the mode
population can achieve the annua growth rate of some 10% observed in the recent
past (Boyd, 1993°). These mark-recapture-based estimates are probably biased
downwards because of (1) effects of tag loss, (2) emigration of tagged animas and (3)
the study colony animas may have a larger average age than those in the overdl

population.

(i) Agea firg parturition: Results should be computed for vaues of this age of both three
and four years, though three is probably closer to the actud Stuation.

() Fecundity: Thisisacombination of pregnancy rate and pup survivd rate. Table 1 of
Boyd et a. (1995)4 provides annua estimates of both pregnancy rate (with confidence
intervals) and pup survivd rate. The precison of pup survivd rate may be estimated
under the assumption of a binomid digtribution (as these data pertain to the whole
study colony).

(iv) Sub-adult survivd rate: The vadue of the parameter that relaesthis to the adult survivd
rate will be confounded with the vaue of the parameter which ‘inflates the estimates
for the adult rate (see (i) above). As aguide to the region of parameter space to be
investigated, the high costs (in survivd terms) of reproduction are consdered to
suggest a sub-adult rate somewhat higher than the adult rate.

(v) Dendty dependences There was a population rate increase of 16.8% per annum
through the 1960s. This may have been driven by ether high adult survivd or
immigration. Data on age structure from the early 1970s suggest adult femde survivd
may have been greater than through the 1980s. There is dso a rdationship between
adult femde sunvivd and an index of food avalability, as reported in Boyd et d.
(1995)4. Therefore, both adult survivd rate and fecundity are likely to be responsble
for density dependence.

Boyd, I.L., J.P. Croxall, N.J. Lunn and K. Reid. 1995. Population demography of Antarctic fur seals: the costs
of reproduction and implicationsfor life-histories. Journal of Animal Ecology, 64: 505-518.

Boyd, I.L. 1993. Pup production and distribution of breeding Antarctic fur seals (Arctocephalus gazella) at
South Georgia. Antarctic Science, 5: 17-24.
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Given the uncertainty associated with the various estimates of population rates of
increase, arange of vaues for the maximum annua rate of population increase possible
(from 5 to 17%) will be consdered. A range of combinations of dendty dependence
on fecundity and on the adult surviva rate will aso be consdered.

Addie penguin

Fundamental modd assumptions

After discusson, the assumptions for this mode were recast in the following form.

0]

(i)

)

)

(i)

The population congists of two components.
(@ non-colony birds aged 0 to 4, which are non-breeding; and
(b)  colony birds aged 2 to 5+.

Non-colony birds may move to the colony at the sart of each year. All 5year-old
birds move. A fraction (| ,) of the birds aged 2 to 4 dso move - this fraction varies
from year to year.

Birds attempting to breed for the first time have a lower fledging success rate because
of their inexperience. Thisrate varies from year to year (t,). These are the birds aged
3to 5 which have just moved to the colony.

Birds which first move to the colony at age 2 do not breed that year. It is unclear
whether such birds gain ‘experience from this process, and therefore whether the
experienced (,) or inexperienced (,) fledging rate gpplies to them when they first
breed the following year when aged 3. Cdculations are to be atempted for both
possibilities.

Experienced (non-firg-time) breeders have a yearly varying fledging success rate (k,)
which exceeds that for the first-time breeders (i.e., k, > t,).

Survivd rates are asfollows:

J
0-year-old non-colony birds: SY (e, anudly varying)
1- to 4-year-old non-colony birds: S (fixedintime)
firg-breeding colony birds: ns  (fixedintime)



non-firgt breeding colony birds: S (fixedintime)

2-year-old non-breeding colony birds:. a range of options from S to S to be
investigated (note that when breeding the
following year, cdculations should include
arange of optionsfrom n&* to St for the
survivd rate).

Therationde for the digtinctions above is as follows.

The heaviest pre-breeding mortdity probably occurs immediately after fledging
when the animds gruggle to learn to forage for themsdves. Thisis the
reason for the digtinction between S and S; asthisis the sage most likdy
to depend on krill availability, S is made year-dependent. SJy <8S.

S islessthan S because of the pendties of breeding (involving grester energy
requirements and exposure to leopard sed predation) and migration to
the colony.

There is a further survivd rate pendty in the year the firg attempt is made to
breed (the factor m) due to inexperience.

Data

The existing data (though some of these have yet to be extracted and coded) for input to and
fitting of the modd are:

() annua edimates of the number of colony birds (available for most years), whose cv is
to be taken to be 5%;

(i) annua edtimates of fledging success rates k, and t, for most years (values missng
should be subdtituted by random sampling with replacement from known k,, t,)

paired vaues within the Monte Carlo Bayes an integration process).

Prior distributions for unknown parameters

()  Non-firg-time breeders surviva rate, S: cdculations for a series of fixed vaues of
0.7, 0.75, 0.8 and 0.85 (based upon the 0.8 estimate of Ainley (1983)°).

(i)  Frg-time breeding surviva pendty, m From U[O, 1].

® Ainley, D.G., RE. Leresche and W.J.L. Sladen. 1993. Breeding Biology of the Adélie Penguin. University of
Cdlifornia Press. 1-240.



(i)  Non-colony birdssurvivd ratefromage 1, S: From U[S, 1].
J

(iv) Frdyear of lifesurviva rate, SY: From U[O, $].

(v)  Fraction of non-colony birds migreting to colony, | : From UJ[0, 1].

Subsequent calculations may atempt smple positive correlaion relationships between |,
J
and SY, asboth are likely reflections of locd krill availability that year, eg.:

J ~ ~
I, =SS +1 wherel fromU [-0.1, 0.1]
subjecttoO£1 , £ 1.

Key outputs for subsequent krill-predator moddling

Posterior esimates of a time series for S (and adso 1 ), from which to estimate a functiona
relationship to krill abundance viathe krill yield modd.

Further, correlation of the posterior estimates of these two quantities with each other, with k,
and t,, and with environmenta indices would be of interest as a basis for testing hypotheses
about environmentd factors which may (through ther impact on krill) influence Addie
penguin demographics.



APPENDIX G

FURTHER DEVELOPMENT OF THE APPROACH OF BASING A
PRECAUTIONARY LIMIT FORKRILL FISHING IN A REGION
ON THE PREDATOR CONSUMPTION IN THAT REGION

D.S. Butterworth
Congder the fallowing schematic representation of krill dynamics in aregion in the absence of akrill

fishery. The region (R) could, for example, be the shaded area around South Georgiain Figure 1 of
WG-EMM-95/17.

N isthe number of krill in theregion at a particular time;

| isthe flux of krill (numberslyear) into the region;

E isthe flux of krill (numbersyear) out of the region;

P is the consumption of krill (numberslyear) by predatorsin the region.

Then, in the absence of krill recruitment within the region:

dN
oo E-P @)

S0 that in ateady State:

I-E-P=0 2
N =N, (uindicating ‘unexploited’)



Further relationships can be written as follows

P=MN
E=TN ©)
T=N/I

where M = krill naturd mortdity rete (yr-2)
T =krill (per capita) outflow rate (yr-1)
T =krill turnover ratein region Rin the absence of exploitation (yr).

Equation (2) can then be written:

NJT=T N,-MN,=0
e UT=1+M (4)

Now add akrill harvest C (numbersfyr), which isset at afraction | * of the predators consumption
of krill in the absence of explaitation, i.e.:

C=I1*P,=I*MN,.

Equations (1) and (2) now become:
dN _
dt
I[-E-P-C=0 ; N=N,(eindicating ‘exploitation’)

I-E-P-C ©)

The predators will be affected by a decrease in the dengty of krill in region R, so that the ratio of
interesis NJ/N, . Now, from equation (5):

I-T N,-MN,-C=0
so that:

N,=(1-C)/( +M) (6)
while from eguation (2):

N, =1/ +M) (7



Thus

C
N, /N, =1- m(l/l\lu)

but1/ (@ + M) =T from equation (2) and C =1 *M N,, so eventualy:

N,/N,=1-1*MT 8)

Say we believe that the predators could tolerate an average drop in the krill densty of x%. The
dlowable krill harvest as afraction of predator consumption (I *) isthen given by:

x/100=1*M T
e 1*=x/(100MT) )

For example, if wetake x =10, M = 0.7 yrt and T = 0.25 yr, then akrill harvest as a fraction of
predator consumption of | * = 0.57 (57%) would cause a 10% drop in krill dengty in region R

Conversdy, if | * isset to 10%, then the drop in krill @bundanceisx = 0.0175 (13/,%).

Quedtions:

() Thisandyssisentirdy in terms of krill NUMBERS - what happens if we change to BIOMASS?
Note that grictly then, the growth in mass of individud krill while within region R should dso
be taken into account. Overdl, however, this agpect does not seem likely to affect results
markedly, particularly if the predators and fishery have smilar selectivity-at-age functions.

(1) How does M as used here reate to the vdue cusomarily taken to reflect the krill naturd
mortdity rate? Since R is aregion of higher predator dendty, the M value to be used here
should be somewhat higher than the ‘globd’ vaue customarily used for krill natura mortdity.
However, this might be counterbalanced by the fact that the estimate of predator consumption
(P = M N,) which the caculated | * vaue would multiply may take account only of land-
breeding predators. In other words, setting C = | * P, we may overestimate | * by using too
andl a vdue for M in eguation (8), but may Imultaneocudy underestimate P by not taking
account of pelagic predators.



@) If Cisdl concentrated in a smdl sub-region of region R, would this affect conclusions? Yes-
IF the predators in the region make particular use of that sub-region AND krill mixing within R
isdow in relaion to the rate of removas from the sub-region.

(iv) Whaif C istaken upstream of region R? The inward flux () would decrease so that krill
dendty within R would again fal. The fdl might be less than indicated by equation (8),
however, as some of the caich C would be taken from krill that would otherwise have
bypassed region R (to the north or south), and therefore not contribute to the diminution of 1.



APPENDIX H

REPORT OF THE SUBGROUP FOR CALCULATING PRECAUTIONARY
CATCH LIMITSWITHIN SUBAREA 48.3 BASED ON MASS
OF KRILL CONSUMED BY PREDATORS

The subgroup consdered the modification suggested by Dr de la Mare to the method
proposed by Dr Everson in WGEMM-95/17. The basic modification is to caculate a precautionary
catch limit usng the krill yiedd modd with an unexploited biomass vadue derived from predator
consumption. The precautionary catch limit is given by:

C=gB,

where g is the precautionary catch limit as a proportion of biomass, as cdculated from the krill yield
modd. Applying this formula requires an estimate of B, which is not available for Subarea 48.3.
However, the tota krill consumed by land-breeding predators can be used to provide a caculated
lower bound on the biomass which would be obtained if a survey were carried out in the area. This
is given by the following formula

where P istheannud consumption of krill by land-breeding predators;
M isthe annud rate of krill natura mortdity; and
V isthe annua turnover of krill in the area (with dimension year™ , i.e. 1/retention time).

2. g iscaculated usng the krill yield modd. Applying the method requires estimates of P, M
and V. However, the krill yield mode aso requires an estimate of the variance of By, and this could
be caculated using the delta method from separate variance estimates for P, M and V. Estimates of
M and its variance are dready avalable as a component of the krill yield model, based on the
andyses of krill recruitment proportions.

3. The subgroup recommended that the Working Group establish a steering group to
coordinate the analyses and develop the methodology for estimating the parameters. The steering
group should include & least Drs Agnew, Boyd, Prof. Butterworth, Drs Croxdl, delaMare,
Everson, Holt and Naganobu.



4, Land-based predator consumption a South Georgia will be estimated by Drs Boyd and
Croxdl. They will atempt to provide a variance estimate for this parameter.

5. The subgroup agreed to attempt the application of the method on two geographic scaes.

() thewhole of Subarea48.3; and
(i)  within the foraging distance of the key krill-dependent predators breeding at South
Georgia

6. Drs Everson and Murphy undertook to provide estimates of retention times at these two
scaes. At the subarea scale, the subgroup agreed that the FRAM model could be used to caculate
an edimate of the water turnover. It may be difficult to assgn a variance to this estimate, but it was
agreed that consultations among the steering group will take place to consider how this might be
attempted. At the smdler scale, the subgroup considered that direct hydrographic calculations
would be needed using dl available data

7. The method would be applied initidly a the tempord scae of the whole year; if time
permitted other scales, including those relating to critica periods, would be investigated.

8. The esimates of P, M and V will be avalable by the end of June, 1996, so as to alow the
re-caculation of g using the krill yield modd in time for the next meeting of WG-EMM.



APPENDIX |

TEMPORAL CHANGESIN MARINE ENVIRONMENTSIN THE ANTARCTIC
PENINSULA AREA DURING THE 1994/95 AUSTRAL SUMMER

(Executive Summary of the Report of a Workshop Held at the
Ingtitut fir Seefischerel, Hamburg, Germany, 16 to 21 July, 1995)

INTRODUCTION

1 At the 1993 meeting of the ccAMLR Scientific Committee and again at the 1994 meeting of
the Working Group on Krill (wGKrill), Dr S. Kim (Republic of Korea) noted that severd Members
had announced plans to conduct shipboard research in the vicinity of the South Shetland Idands
(Figure1.1). Dr Kim further suggested that it would be advantageous to coordinate the planning of
such work and to meet afterwards to discuss results.

2. Accordingly, representatives from Germany, Japan, Republic of Korea and the UsA met
during the 1994 meeting of WGKrill and agreed to adjust their respective fidd research plans to
include observations at a common set of gations. Five Stations were set 15 n miles gpart along the
55°W meridian north of Elephant Idand (Figure 1.1) and corresponded to Stations 60 to 64 on the
US AMLR grid which has been occupied twice each austrd summer since 1991.

3. The five gations were occupied six times between late November 1994 and late February
1995 during research cruises conducted by Germany, Japan, Republic of Korea and the UsA.
Obsarvations included cTD profiles, chlorophyll a and nutrient concentrations at various depths, net
samples of zooplankton, and acoustic transects between gations. In addition, Jgpan inserted an
extra inshore gation, the Republic of Korea occupied additiond stations dong 55°W south of
Elephant 1dand, Germany occupied 77 of the 91 stations in the AMLR grid, and the UsA occupied
al 91 sations. Table .1 ligts the cruise dates, the dates that the common stations aong 55°W were
occupied, the survey aress, the types of observations conducted and the equipment used by each
Member country.

4, Dr V. Segd (Germany) volunteered to host a post-season workshop at the Ingtitut for
Seefischere in Hamburg immediately prior to the 1995 meeting of the Working Group on
Ecosystem Monitoring and Management (WG-EMM) to discuss results of the field work.



Dr Kim, Dr Segel, Dr M. Naganobu (Japan), and Dr R. Hewitt (UsA) were co-conveners of the
workshop entitled ‘ Tempora changes in marine environments in the Antarctic Peninsula area during
the 1994/95 austra summer’.

5. The workshop was attended by Dr V. Segd, (Germany), Mr T. Ichii, Drs M. Naganobu
and S. Kawaguchi (Jgpan), Drs S. Kim and Sung Ho Kang (Republic of Kored), Dr I. Everson
(UK), DrsD. Demer, R. Hewitt and V. Loeb (UsA).

6. The workshop was organized into four subgroups. physica oceanography, phytoplankton
and nutrients, zooplankton (including krill demographics), and acougtics. The sub-group reports and
recommendations of the workshop for future work are presented in the following paragraphs for
condderation by WGEMM.

7. Of particular note are four conclusons. (i) the north/south position of the oceanic fronta
zone north of Elephant Idand dong 55°W varied by 15 n miles and the rdatively narrow
northeasterly current associated with this front varied in strength depending on postion of the front;
(i) nutrient depletion occurred as the season progressed, probably associated with phytoplankton
gpecies succession; (iii) krill spawning during the 1994/95 season was early, extensve and
goparently successful; and (iv) taxa other than krill may have caused a subgtantid portion of the
observed acoustic backscattering strength.

Recommendations

8. The causes of the frontal zone movement north of Elephant Idand and its influence on the
behaviour of organisms should be investigated. The persstent feature of cold water between 75 and
100 m north of Elephant Idand should be investigated in relation to zooplankton distribution and
primary production.

0. Obsarvations of only chlorophyll a concentrations limited the assessment of phytoplankton
populations as food reservoirs for krill. We recommend that measurements of the size distribution of
cdlls, carbon biomass, and species composition be made in addition to measurements of chlorophyll
a concentrations.

10.  Thefactorsthat control krill recruitment have been described in a conceptuad modd in WG
EMM-95/15. The 1994/95 field season data analysed during the workshop seem to confirm the first
half of the modd (early krill spawning, high larval production, low salp density). The second half of
the modd (recruitment) can be tested during the coming austral summer season 1995/96. We



srongly recommend a survey, or a least a representative sampling program, in the Elephant 1dand
area a that time to provide the essentid data to test the prediction made regarding krill recruitment.

11. A two-frequency approach was shown to be useful in ddinegting sSze cdasses and in
identifying a previoudy undescribed acoudic scettering layer. In the future, multiple frequency
echosounders and species delineation techniques should be used to gpportion the totd integrated
echo energy to the various scatters. Frequency combinations which include both the Rayleigh and
geometric scattering regimes are most powerful when using inverson techniques.

Tablel.1: Antarctic 1994/95 cruises conducted by Member countries.

Dates of Entire Cruise Country Observations

(Dates at 55°W Transect)

26 November - 5 December 1995 Germany North and south of Elephant Island; water properties,
(2 December 1995) krill/zooplankton; CTD, RMT8 (4 mm) net

30 November - 30 December 1994 Japan North of South Shetland Islands; krill/zooplankton,
(15 - 16 December 1994) (Legl) phytoplankton, nutrients; acoustics, CTD, rosette, WP-2

(0.350 mm), KYMT, (3 x 3 m with 34 mm mesh),
MOCNESS &t three stations (0.335 mm mesh), Furuno

FQ-72 echosounder
4-17 January 1995 Republic Bransfield Strait and northwestern Weddell Seg;
(7 - 8 January 1995) of Korea krill/zooplankton, phytoplankton, water properties,

nutrients; CTD, rosette, Bongo (0.333 mm mesh and
0.505 mm mesh), MOCNESS (0.505 mm mesh)

15 January - 12 February 1995 Japan North of South Shetland Islands; krill/zooplankton,
(18 - 19 January 1995) (Legll) phytoplankton, water properties, nutrients; acoustics,
CTD, rosette, WP-2 (0.350 mm), MOCNESS (0.335 mm
mesh) at six stations

11 January - 4 February 1995 USA North and south of Elephant Island; krill/zooplankton,

(24 - 25 January 1995) (Legl) phytoplankton, nutrients; acoustics, CTD, IKMT (1.8 x
1.8 m with 0505 mm mesh), rosette, Smrad EK-500
echosounder

8 February - 5 March 1995 USA North and south of Elephant Island; krill/zooplankton,

(18 - 19 February 1995) (Legll) phytoplankton, nutrients; acoustics, CTD, IKMT (1.8 x

1.8 m with 0505 mm mesh), rosette, Simrad EK-500
echosounder
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