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REPORT OF THE FIFTH MEETING
OF THE WORKING GROUP ON KRILL
(Tokyo, Japan, 4 to 12 August, 1993)

INTRODUCTION

1.1  The Ffth Meeting of the Working Group on Kirill (wKrill) was held at the Hotd Mariners
Court, Tokyo, Japan, from 4 to 12 August 1993. The meeting was chaired by the Convener, Mr
D.G.M. Miller (South Africa).

1.2  The Working Group was welcomed to Tokyo by Mr Michio Chinzel, the Director-Generd
of the Fisheries Agency of Japan.

REVIEW OF THE MEETING OBXECTIVES
AND ADOPTION OF THE AGENDA

2.1  The Convener briefly outlined the mgor objectives of the meeting (SC-CAMLR-XI, paragraph
2.97), which had been set out in detail and circulated prior to the meeting (SC CIRC 93/14).

2.2 A Provisond Agenda had dso been circulated prior to the meeting. There were no
additions or amendments and the Agenda was adopted.

2.3  TheAgendaisincluded in this report as Appendix A, the Ligt of Participants as Appendix B
and the List of Documents submitted to the meeting as Appendix C.

24  The report was prepared by Drs D.J. Agnew (Secretariat), M. Basson (UK),

Prof. D. Butterworth (South Africa), Drs W. delaMare (Audrdia), R. Hewitt (UsA), R. Holt
(usa), V. Main (Chile) and S. Nicol (Augtrdia).
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REVIEW OF FISHERIESACTIVITIES
Fisheries Information
Data Submisson
31 A simmay of dl fine-scde data from the krill fishery that had been submitted to the

Secretaria was produced (Table 1). The Working Group noted the availability of this information
and made use of it initsdiscussons.

Catch Leves

3.2  Thefollowing preliminary information from the commercid krill catch for the 1992/93 season
wasavalable:

Country Subarea48.1 | Subarea48.2 | Subarea48.3 Other Totd
Russa 2948 50 (48.4) 2998
Japan 31784 4089 17 636 5762 (58.4.1) 59 271
Poland 15863 (48) 15 863
Chile 3262 3262
Tota 35046 4089 20 584 21675 81394

The tota krill catch was subgtantidly less than in 1991/92 (302 961 tonnes). Totd catchesin al
datistica subareas were well below the precautionary catch limits set out in Conservation Measures
32/X, 45/X1 and 46/X1. The Working Group noted that krill had been caught in Division 58.4.1 which
isadatigtica divison not covered by a precautionary catch limit or other conservation measures.

Fishing Activities

3.3  Fve Japanese krill fishing vessdls operated in the Convention Area during 1992/93. Three
vessals operated in waters off South Georgia (Subarea 48.3) between July and September 1992
and 11 717 tonnes of krill were caught. Between January and March 1993, four vessals operated in
the South West Scotia Sea (Subarea 48.1) catching 23 700 tonnes. One vessal caught 5762
tonnes off Wilkes Land (Division 58.4.1). In April 1993, one vessd fished in the central Scotia Sea
(Subarea 48.2) and three vessdls operated in the South West Scotia Sea (Subarea 48.1). In May
one vessel operated in the central Scotia Sea (Subarea48.2). Through April to June five vessas
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caught 18 092 tonnes of krill. A totd of five vessdls caught 59 271 tonnes of krill during the
1992/93 season.  Jgpan plans to maintain its current fishing effort during 1993/94 with about five
vessdls catching a Smilar amount to the 1992/93 season.

34  The Japanese krill catch from Divison 58.4.1 was taken by one vessd. This vessd had
been deployed in the area to catch krill of different qudity from that taken from the South Atlantic
region. The experience of the Japanese fleet has been that catches off the South Shetlands (Subarea
48.2) contained larger and greener animds, as well as agreater proportion of gravid females than off
Wilkes Land, depending on the fishing season.  Such changes in fishing location were the result of
Japanese consumer demand for avariety of krill products.

3.5 The Working Group noted that this implied some predictability in the characterigtics of the
krill concentrations being fished. In future it would be useful to obtain information on anticipated
changes in product demands as this might affect the location and activities of the fishery. It wasaso
noted that such information may provide ussful data on biologica aspects of krill in different aress.
The Working Group noted that such information would be in accordance with the Scientific
Committee's and Commission’s requests for submission of plans on the operationd characteristics
and anticipated activities of the commercid krill fishery 6C-CAMLR-XI, paragraphs 2.94, 2.95,
5.40,16.4 and CCAMLR-XI, paragraphs 4.8 and 4.9).

3.6  Chile reported krill catches from one vessd fishing in two areas. north of Elephant 1Idand
and north of Livingston Idand (Subarea 48.1). In totd, 3 262 tonnes were taken between 3 March
and 8 April 1993. Subgtantia catches of saps caused problems in the fishing operations in the
Elephant Idand region during this period and most of the catch came from the Livingston Idand area.
One Chilean fishing vessdl would operate in the same regions during 1993/94.

3.7  Polish catches, as reported monthly to the Secretariat, increased from the 1991/92 leve of
8 607 to 15 863 tonnes in 1992/93. Catches occurred in Subareas 48.1, 48.2 and 48.3 with no
subdivision of the catch being reported. The Working Group agreed that details of future Polish
fishing plans should be sought.

3.8 Russan fishing operations were confined to the period July and August 1992, when two
vessals caught a total of 2948 tonnes in the South Georgia area (Subarea 48.3), and one vessd

caught 50 tonnes in Subarea 48.4. Although Russia was proceeding with privatisation of its fisheries
operations and was concentrating on fishing grounds less remote than the Convention Area, there
was a posshility that as many as three vessals would be sent to harvest krill during 1993/94,

possbly in joint venture arrangements with other countries.
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3.9 To the best available knowledge, no krill fishing was undertaken by Ukraine during 1992/93,
athough Ukrainian companies were reported to be keen to proceed with krill exploitation. Up to
three vessels are likdly to be deployed on the traditiona fishing grounds during 1993/94.

3.10 The Republic of Korea undertook no krill fishing in 1992/93 and there were no plans to fish
for krill in 1993/94.

3.11 Audrdia is dill congdering an gpplication to harvest krill, but legd, adminigtrative and
financid ddays have meant that this project is unlikely to proceed during 1993/94.

3.12 The Working Group noted press reports (Fishing News International) indicating India's
interest in entering the krill fishery. The Working Group drew the Scientific Committee s attention to
this and suggested that further information on India s krill fishing intentions be sought.

Data Submisson

3.13 The Working Group appreciated that andyses of Japanese fine-scae catch and effort data
had been presented in papers submitted to the present meeting and to earlier meetings
(WGKrill-93/25 and references therein; see a0 SC-CAMLR-XI, paragraph 2.92).

3.14 Japanese catch rates (catch-per-minute fishing) in the vicinity of the South Shetland Idands
for 1991/92 (Wa-Krill-93/25) indicated that there had been a substantid change in this index during
the period April to May 1992. It was pointed out that this might represent a seasondly related
change in loca dengty rather than biomass over alarge area. 1t might aso reflect an unusud lack of
icein this area during this period which dlowed late season fishing. The Working Group encouraged
an examinaion of Jgpanese fishing log-books from the 1992/93 season to ascertain whether the
observed decline in cPUE could be correlated with environmenta factors such as sea-ice conditions.

3.15 Severe difficulties had been encountered in the acquigition of fine-scale data from 1991/92

from the fishing fleets of the former Soviet Union. These had been exacerbated by the privatisation
of the Russan and Ukrainian fisheries.

Hisoricd Commercid Krill Catch Data from the Former Soviet Union

3.16 At its 1992 mesting, the Scientific Committee had encouraged Members with previoudy
unreported higtoric data on krill catches to evauate the accessbility of these data, to assess the
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feasbility of processng these data into sandard formats, and to submit the data to the cCAMLR Data
Centre (SC-CAMLR-XI, paragraphs 2.23 to 2.25). |In particular, it was noted that a considerable
amount of higoric data from the krill catches of the former Soviet Union has not yet been submitted
to CCAMLR.

3.17 Aninventory was compiled of the former Soviet Union'stotd krill catch data from Statistical

Area 48, as submitted to CCAMLR on STATLANT forms. Those years for which the data had been
submitted to the Data Centre in fine-scale formats were dso identified. Thisinventory is attached as
Table 2. Dr K. Shugt (Russan Federation) indicated that there were three possible sources of

higorica fine-scale data:

()  Summary reports that provide general accounts of fishing activities (e.g., catch totas,
charts showing gpproximate locations of the fleet's fishing activities) for the years
1973/74 through 1976/77. These reports are beieved to be accessible at ether
VNIRO (Moscow) or AtlantNIRO (Kdiningrad).

(i)  15-day reports that had been prepared and submitted to regiond fisheries offices
throughout the duration of the fishery for the years 1977/78 through 1982/83. These
reports are currently kept in various locations depending on the home port of vesses
operating during a particular season (reports were submitted to the regiond offices
respongble for vessals operating out of that region’s ports). It is bdieved that most of
these reports should still be accessble through geff a the following fadlities: VNIRO
(Moscow), AtlantNIRO (Kdiningrad) or YugNIRO (Kerch).

(i) Magnetic tape on mainframe computers, with fishery data for the years 1983/84
through 1991/92. These data require some manipulation to trandform them into
formats auitable for submitting to the CCAMLR Data Centre. The magnetic tape
records are ble through staff a VNIRO (Moscow).

3.18 Dr Shug presented examples of initid fine-scde summaries of higtoric data that he had
prepared. The Data Manager noted that these summaries used a format that would be compatible
with the database used by the Secretariat. Asanext step, it was agreed that the historic data should
be processed into fine-scde summaries for submisson to CCAMLR. The possihility of reporting
these higtoric datain afiner scae (e.g., 10 x 10 n miles or haul-by-haul) should dso be investigated.

3.19 In addition to historic catch data from Statistical Area 48, it was recaled that the former
Soviet Union had undertaken krill catchesin Statistical Area 58 in the late 1970s and early 1980s. It
was agreed that obtaining fine-scale information about the locations of catches during that period
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would be useful. It was noted that most of the catch data from the former Soviet Union in Statigtica
Area 58 are presently located a Y ugNIRO (Ukraine).

3.20 TheWorking Group welcomed the information provided by the hitoric catch data inventory
and the examples of fine-scale summaries, and encouraged Dr Shust and his colleagues to proceed
with processng and submitting these data to CCAMLR as soon as possible. The Working Group
gppreciated that this would not be a smal task, and Members were encouraged to assst with this
effort where possble. It was noted that scientists from Russa and the United States were
collaborating in an attempt to expedite this work.

3.21 The Working Group drew the Scientific Committee's attention to the above Stuation and
suggested that Members might investigate ways in which thiswork be facilitated.

Haul-by-haul Data and Length Frequency Andysis
of Samples from the Commercid Krill Fishery

3.22 The Working Group noted that haul-by-haul and length frequency data from both the
Japanese and Chilean krill fisheries had been used in andlyses presented in WG-Kirill-93/14 and 25.
These papers were based on very fine-scae catch information and had enabled improved anayses
of krill fishing fleet activities

Length Frequency Data from the Fishery
3.23 It was noted that Japan has submitted length frequency data since they were initidly
requested in 1987 (CCAMLR-VI, paragraph 92). The collection and submission of haul-by-haul and
length frequency information was again requested by the Working Group.

Location of Catches
3.24 TheWorking Group at its 1992 meeting (SC-CAMLR-XI, paragraph 2.91), requested that the

Secretariat contact FAO to determine whether any krill catch information had been reported for FAO
Statistical Area4l. FAO reported that it had no informeation on any krill caichesin Area41.



Reports of ObserversUse of Draft Observer’s Manua

3.25 The Scentific Observers Scheme has only been in operation snce its endorsement by the
Commission & its Eleventh Meeting (CCAMLR-XI, paragraphs 6.10 and 6.11). As yet, no reports
have been received by observers on commercid krill fishing vessels. Similarly, there has been no
feedback on the utility of the draft Observer's Manud. The Working Group noted that it might be
some time before such reports are avallable and the utility of the Observer’s Manua can be
effectively assessed.

By-catch of Young Fish in the Krill Fishery

3.26 Three papers reported on the by-catch of young fish in the krill fishery. These assessed the
by-catch in research trawls off the South Shetland Idands in summer 1990/91 (WGKrill-93/50), the
by-catch during winter off South Georgia by the Jgpanese krill fishery (vGKrill-93/51), and the
by-catch by the Ukrainian fishery off South Georgiain 1992 (WG-FSA-93/8).

3.27 The reaults from these sudies indicate that the by-catch of young fish during krill fishery
operaions in the South Shetlands might be much less than a South Georgia. The Working Group
accepted, however, that it was difficult to assess the extent of such apparent differences given the
different techniques and equipment used by research vessds when compared with commercid
operations, and by differencesin the analytica procedures used.

3.28 Japanese data from the South Georgia region indicated that a by-catch of fish occurred in a
minority of hauls examined (20 out of 74 gations) and that only three fish species were involved,
with Lepidonotothen [Nototheniops] larseni predominating (93.9% by number observed). The
total number of fish in each haul waslow.

3.29 Ukranian results indicated that the fish by-catch of krill fishing operations may be subgtantid,
athough fish were only evident in 10 out of 55 gations sampled. Champsocephal us gunnari and
N. larseni were dominant. Extrgpolating the by-catch rate to the entire Ukrainian krill fishery off
South Georgia, the estimated by-catch induced mortdity of these two species in 1991/92 would
have been 27.2 million individuas and 22.5 million individuals respectivey.

3.30 It was noted that the largest by-catch of fish in the Ukrainian fishery occurred when krill
catch rates were low. This might be because the fishery was targeting dense krill aggregations
therby minimiang by-catch or possibly because the by-catch was highest when krill were more
dispersed.
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3.31 FRull deals of the methodology underlying the estimation of the average levd of fish by-catch
in the Ukrainian krill fishery were not provided in paper WG-FsA-93/8. The Convener will contact
the senior author and encourage him to provide thisinformation to WG-FSA.

3.32 The Working Group stressed that appropriate statistical procedures (see Pennington, 19831)
should be applied to take account of the large number of zero observations in studies of fish
by-catch in krill fishing operations.

3.33 The Working Group recognised tha different levels of by-catch might be induced by
differences in the operaiond characteridtics of various fishing fleets. This could include effects
caused by different trawling speeds or towing depths.

3.34 Because there may dso be seasonal or diurnd differences in by-catch, the Working Group
suggested that the Working Group on Fish Stock Assessment (WG-FSA) might condder when the
fish species most often encountered as by- catch would be most vulnerable to krill fishing operations.

Other Information
ExcessKrill Mortdity Associated with Commercid Trawling

3.35 A mathematicad modd of excess krill mortdity associated with commercid krill trawling was
presented in WGKrill-93/34. This model updated that which was presented to the 1990 mesting of
the Working Group (Zimarev et al., 19902), and indicated tha mortdity resulting from krill not
being retained by trawl meshes could range between 1.5% and 26% of the landed catch depending
on the fishing intensity.

3.36 One of the assumptions of the above modd was that dl krill coming into contact with the
fishing net die. This may be a pessmigtic assumption snce a low dengties some animals may pass
through the mesh without damage. In addition, the modd does not include hydrodynamic effects
which could reduce the probability of krill striking parts of the net. The Working Group considered
that these assumptions had important implications and suggested that it should be tested

1 Pennington, M. 1983. Efficient estimators of abundance, for fish and plankton surveys. Biometrics, 39: 281-
286.

2 Zimarev, Yu.V., SM. Kasatkina and Yu. Frolov. 1990. Midwater traw catchability in relation to krill and
possible ways of assessing gross catch. Selected Scientific Papers, 1990 (SC-CAMLR-SSP/7). CCAMLR,
Hobart, Australia: 87-113.



experimentaly. Factors to be taken into account in such experiments would indude the sze of the
mesh and trawling speed.

3.37 Dr H. Hatanaka (Japan) drew the Working Group’'s attention to a paper, WG-Kiill-92/29,
tabled at the previous meeting, in which this topic was conddered. It was concluded that the
mortality rate during net retrieval seemed to be smdll in the case of the Jgpanese commercid fishery.
He further pointed out that there are two aspects in the mortdity during tranvl hauling:  krill
escgpement through meshes and mortdity rate of such escaped animds, and that the latter is difficult
to estimate.

3.38 TheWorking Group also agreed that the results of the modd described above are important
and consequently the modd should be independently vaidated and sengtivity andyses should be
carried aut on the critical input parameters. The author was requested to provide the Secretariat
with a copy of the computer code for vdidation; this would adso be made availadle to interested
Working Group members who could then undertake the necessary sengtivity andyses.

Development of cPUE Indices

3.39 The prdiminary results of a joint us/Chilean study using a combination of catch-per-fishing
time from the Chilean krill fishery and Us acoustic survey data around Elephant Idand in 1992 were
presented to the Working Group. These results indicated that some of the parameters required for
the Compodte Index of Krill Abundance (sc-CAMLR-VIIl, Annex 4, Appendix 7 such as the
characterigtic radius of concentrations, are extremdly difficult to estimate. Furthermore, the acoustic
survey data showed intense tempord variability and this has the potential to confound combined
andyses of fisheries and acoudtic survey data which are not collected smultaneoudy. Updated
results will be submitted to the Scientific Committee in the near future.

340 Further discusson on the development and gpplication of CPUE indices is reported in

paragraphs 5.26 to 5.32.

ESTIMATION OFKRILL YIELD

Krill Hux in Statistical Area 48 and Other Aress

4.1  During the 1991 meeting, WG-Krill identified the need for hydrographic and other datawhich
might be used to indicate possble immigration and emigration rates and retention times of krill in the

123



various fishing grounds and gtatistical subareas. In particular, the Working Group specified that, asa
first step, integrated mass flow paths across the boundaries of the Statistical Subareas in Area 48
should be caculated. At that meeting the Working Group dso developed a smple mode in the form
of figures (Sc-CAMLR-X, Annex 5, Figures 2 and 3) which hypothesised a number of krill flows in
Statisticd Area 48 on the bads of available knowledge of generd hydrographic features.

4.2 A number of papers containing relevant information from geostrophic flow cadculaions and
experiments with drifting buoys has been submitted to wG-Krill over the last three meetings. Based
on this information, a revised table summarising information on possible water movements between
subareas has been produced (Table 3).

43 The Working Group dso receved paper WGKirill-93/11 which was a comprehensve
bibliography of publications on Antarctic oceanography whichmight be useful intackling this task.

44  The Working Group agreed that there was a considerable body of data that could be
brought to bear on this question, and that a process was needed to calculate the integrated mass
flows across the subarea boundaries in Statistica Area 48. It was dso agreed that a high priority
should be afforded to the development of methods which would dlow the available information to be
used in edimating possible ranges of immigration/emigration rates and retention times. It was
reiterated that the trangport of krill was not necessarily a purely passive process governed only by
water movements since active migration of krill has been documented - Kanda et al. (1982)3, Siegd
(1988)4.

45  Attention was drawn to the OPEN Program in Nova Scotia in which current meters and
drifter buoys have been used to track a specified body of water in order to follow the development
of recruits in a cod stock. It was suggested that smilar methods could be used to follow a water
mass containing a krill concentration in the Antarctic to determine the extent to which the
concentrations and the water mass moved in concert.

46 Dr |. Brerson (UK) drew attention to the results of Everson and Murphy (1987)° which
indicated thet in the Brandfidd Strait the transport of krill was virtudly coincident with the speed of
water movement in that area.

3 Kanda, K., K. Takagi and Y. Seki. 1982. Movement of the larger swarms of Antarctic krill Euphausia
superba off Enderby Land during 1976-77 season. J. Tokyo Univ. Fish., 68 (1/2): 24-42.

4 Siegel, V. 1988. A concept of seasonal variation of krill (Euphausia superba) distribution and abundance
west of the Antarctic Peninsula. In: Sahrhage, D. (Ed.). Antarctic Ocean and Resources Variability.
Springer-Verlag, Berlin Heidelberg: 219-230.

S Everson, |. and E. Murphy. 1987. Mesoscale variability in the distribution of krill Euphausia superba. Mar.
Ecol. Prog. Ser., 40 (1-2): 53-60.

124



4.7 Reallts of surveys conducted over a very smal area in Subarea 48.3 are presented in
WG-Krill-93/35. The main am of this sudy was to estimate krill transport rates rather than biomass
per se. The authors conclude that, Snce transport rates are very smilar to current speeds, the
observed changes in biomass may be caused by krill transport.

4.8 It wasnoted that the application of geostatistica methods to these data would be particularly
gopropriate. The importance of estimating the variance of parameters or quantities (e.g., biomass)
was agan highlighted.

49 It was dso noted that the smadl areathat was deliberatdly chosen for the sudy may or may
not be typica of the whole of the area around South Georgia. There are, for example, large areas
with high retention capecity to the east of the idands. Other areas around the idands are less likely
to retain krill.  Although the study is useful in trying to estimate trangport rates of krill, results should
be interpreted with care.

4.10 TheWorking Group agreed that, as afirst step, it would be useful to consider krill as passve
drifters, at least with respect to horizonta transport, and that incorporation of active krill movement
into the estimation of krill fluxes would follow at a later gage. Noting initiatives such as reported in
WG-Krill-93/19, the Working Group further agreed that a specid workshop was needed to bring
together appropriate aspects to carry these caculations forward. A conceptua mode and terms of
reference for this workshop are presented in Appendix D.

Egtimation of Effective Biomass
Techniques

4.11 Vaious techniques for estimating krill biomass have been identified in the past. Of these,
two direct methods are acoustic surveys and net surveys. One indirect method is the use of indices
(e.g., cPUEINndices) to estimate relative abundance.

4.12 Four papers on technicd details of acoustic methods were tabled: WGKrill-93/6, 21, 24 and 48s.
4.13 Dr K. Foote (Norway) presented wG-Krill-93/6. The background for this study, the Kiill
Target Strength Experiment (KTSE), was conducted under the aegis of British Antarctic Survey
during the austral summer 1987/88. It conasted of, first, Smultaneous measurements of the echo

energy from encaged aggregations of live krill a 38 and 120 kHz, secondly, biologica and physicd
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measurements of the same specimens, including measurements of mass dendgty of individuds and
gpeed of sound in an animd; and thirdly, application of the fluid-sphere modd.

4.14 Because there was rather poor agreement between the fluid sphere modd predictions and
KTSE measurements in the previous andyss, the deformed fluid-like cylinder modd of Stanton
(1989)¢ was applied in the new paper Wa-Kirill-93/6). Using the same physica parameters and
animd dimengdons as were measured during the KTSE, new computations of target strength were
performed, but as a function of krill orientation. Since the orientation was not measured during the
experiment, the orientation digtribution was inferred by requiring that the difference between
predicted echo energy and that from two frequency measurement pairs be a minimum in a least
squares sense.

4.15 The new results show a strong agreement between model predictions and measurements.
The authors bdieve that the new modd may prove useful in acoudtic gpplications where krill number
dengty is to be determined. They cdl particular atention to the importance of measurements of
mass dengity and sound speed, as wdl as anima morphometry.

4.16 Such measurements are dso important to another new modd d krill scattering, that by
Drs M. Furusawa and Y. Miyanohana (Japan), described in wGKirill-93/21. The study developed a
target strength (TS) model where krill is represented by a liquid prolate spheroid. Asin the case of
the modd used in WGKirill-936, the results in this Sudy are dso sengtive to the interna dengty, and
sound speed of krill. One of the conclusons of this paper was that a low frequency the target
grength is low, the Sgnd to noise ratio (SNR) is low and results are sendtive to krill length, but not
orientation. At high frequency, on the other hand, target strength is high, the SNR is high but results
are sengtive to the orientation of krill.  The authors recommended that a frequency of 70 kHz be
used for krill surveys.

4.17 Consequently, it was noted that there were advantages in operating a more than one
frequency. It was further noted that operating a dud frequencies dlows for improved discrimination
of targets. For example, the characteritic difference in mean volume backscattering strength (MvBS)
at 38 and 120 kHz isaround 5 dB for krill from field observations (Hampton, 19907).

6 Stanton, T.K. 1989. Sound scattering by cylinders of finite length. 111. Deformed cylinders. J. Acoust. Soc.
Am,, 86: 691-705.

7 Hampton, I. 1990. Measurements of differencesin the target strength of Antarctic krill (Euphausia superba)
swarms at 38 kHz and 120 kHz. In: Selected Scientific Papers, 1990 (SC-CAMLRSSP/7). CCAMLR, Hobart,
Australia: 75-86.
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4.18 Paper wWGKrill-93/24 presented results from target strength experiments on krill in tanks.
Observations confirm the sengtivity d target srength to orientation of krill, as well as the physicd
characterigtics of the animdls (e.g., Size, sex, maturity and reproductive stage).

4.19 A correction for acoustic survey bias introduced by the vertica migration of krill was
proposed in WG-Kiill-93/48. In each of five surveys, conducted in the Elephant Idand area during the
augtral summer of 1992, krill were observed to be dispersed in the upper portion of the water
column a night and more concentrated and deeper during the day, suggesting that subgtantia

numbers of krill may be above the acoustic observation window during dark hours. A polynomid

function was fitted to the data and subsequently used to adjust the origind surveys, resulting biomass
estimates were 2.3 t0 99.6% higher than those disregarding bias dueto did vertical migration.

4.20 Alternative ways of correcting for animals in the surface layer, and therefore not detected by
the downward-looking transducer, were discussed. There are many problems, particularly regarding
noise (eg., caused by bubbles or reflections from the sea surface), associated with upward and
sdeways-looking transducers. These techniques are, however, being investigated. The possibility of
usng recently-developed laser-based system (LIDAR) for looking a the surface layer was
mentioned.

4.21 It was further noted that if the target-strength mode is correct, then the TS of an animd with
fixed orientation is the same whether the transducer is downward or upward-looking. For

transducers looking in other directions, the TS will in generd be different.

4.22 The importance of regular net hauls during acoustic surveys was agan highlighted. Such
hauls are essentid for target identification and collection of biologica data

4.23 No further developments or technicd matters regarding net surveys for the estimation of
biomass were presented.

4.24 Theuseof cPUEindicesfor biomass estimation was briefly consdered. Further discussonis

given in paragraph 5.27.

Edimates of Biomassin Satistical Area48

425 In SC-CAMLR-XI (Annex 4) possible problems with some aspects of the ABEX data, which
had been re-andysed to estimate totd krill biomass in Statistical Area 48, were indicated. The
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principa question related to the data from the Walther Herwig. Estimates of biomass from these
datawere substantialy higher than estimates from other survey vessdsin adjacent aress.

426 Reallts of further exploratory andyses of the FIBEX acoudtic data are presented in
WGKrill-93/31. Data from surveys in the West Atlantic sector were re-examined. The high densities
of the Walther Herwig survey were largely due to the presence of a superswarm near Elephant
Idand dthough the occurrence of a high biomass there is not an unusua phenomenon. Furthermore,
there was a good level of consstency between the distributions of MvBS and estimates of dengity
from four of the vessdls, Itzumi, Eduardo L. Holmberg, Odissey and Walther Herwig. While
there is some uncertainty associated with the combinations of data collected at 50 kHz (Walther
Herwig survey) with data collected at 120 kHz (dl other vessdls), it is concluded that this does not
materidly affect the estimated biomass.

4.27 Realtsin wWG-Krill-93/31 show that data from the Professor Sedlecki survey do not provide
digtributions of MvBS and estimates of dendty that are consstent with the other surveys. The authors
could find no explanation for this difference.

4.28 Whilg checking dl ABEX acoudtic datasets, a further complication came to light regarding the
data from Eduardo L. Holmberg. Following correspondence between Dr P. Trathan (British
Antarctic Survey) and colleagues at Indtituto Antartico Argentino it became clear that an incorrect
vaue for integrator gain had been used for the andysis. Applying the correct integrator gain vaue
resulted in a 10 dB increase in MvBS values. The distribution of corrected MvBS vaues has amode
close to that for Itzumi and the same as that for Odissey (WG-Krill-93/31). These corrected MVBS
vaues give atenfold increase in the estimated mean dendty of krill from that survey. The corrected
vaues of dendty and standing stock gppear in the verson of WG-Krill-92/20 published in Selected
ientific Papers, 1992 (SC-CAMLR-SSP/9).

4.29 wWGKrill-93/20 reports on a re-examination of data from the Eduardo L. Holmberg ABEX
survey for incorporation into the BIOMASS database in the appropriate standardised format. The
results indicate the krill were concentrated to the western end of the South Orkney Idands. Dengty
vaues are consgtent with those from other AIBEX surveys (see Figure 1 in wG-Krill-93/20 and Figure
3in WGKiill-93/31).

4.30 The anayses presented in papers WG-Krill-93/31 and WG-Kiill-93/20 basicdly resolve the
questions about the Walther Herwig data but rase new questions regarding the Professor
Sedlecki data. Fortunately, the area surveyed by the Itzumi overlgpslargely with that surveyed by
the Professor Sedlecki. Furthermore, the Itzumi survey covers the area of anticipated high krill
dengty. In conclusion the Working Group therefore felt that, for the purposes of calculating effective
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biomassin Statistica Area48 for usein the calculation of potentid yield, there was no urgent need to
resolve the questions regarding the Professor Sedlecki data.

4.31 Given the problems associated with the Professor Sedlecki survey data, the estimates of
biomass from ABEX given in Table 2 of the revised verdon of wGKiill-92/20 were recaculated
excluding those data. Results of recdculations are givenin Table 4. The vaues differ materidly from
those given in SC-CAMLR-XI, Annex 4, Table 2 in the following ways

() the totd biomass for Subarea 48.1 is increased to 13.6 million tonnes due to the
incduson of the Walther Herwig and the excluson of Professor Sedlecki data
(paragraphs 4.26 and 4.27); and

(i) the total biomass for Subarea 48.2 is increased to 15.6 million tonnes following
correction of the integrator gain from Eduardo L. Holmberg (paragraph 4.28).

4.32 Annud acoudic estimates of krill biomass in the Elephant Idand area for the years 1981
through 1993 were presented in WG-Krill-93/49.  Survey results prior to 1992 were adjusted in
congderation of the definition of krill target strength recommended by WG-Krill a its 1991 mesting.
Average krill biomass dengties during January to March were aso presented for dl years except
1982, 1983 and 1986, together with quditative evauations of krill recruitment from waG-Krill-93/s.
In six out of seven cases, good (or bad) recruitment corresponded to an increase (or decrease) in
krill dendty the following year. A table of these estimates, both in terms of abundance and ared
dengty, isincluded below and attached as Figure 1.
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Y ear Month Survey Biomass Adj. Areal Reference
Area (1031) Biomass Density
(105m2) (103t) (9/mP)
1981 | March 17338 790* 1187 68.5 Macaulay (unpub. ms)
1983 | Oct/Nov 36038 52 480 133 Klindt, 1986
1984 | March 17338 260 390 225 Macaulay (unpub. ms)
1984 | Nov/Dec 34663 330 2200 63.5 Klindt, 1986
1985 | March/April 31840 16 81 25 Klindt, 1986
1987 | January 17338 660 992 57.2 Macaulay (unpub. ms)
1988 | January 17338 480 721 416 Macaulay (unpub. ms)
1989 | February 17338 950* 1428 824 Macaulay (unpub. ms)
1990 | early January 40902 465 699 171 Amoset al. 1990
1990 | late January 36271 1132 1702 469 Amoset al. 1990
1990 | early February 40902 2133 3206 784 Amoset al. 1990
1990 | late February 40902 2475 3720 90.9 Anos et al. 1990
1991 | late January 43474 639 1036 238 Macaulay & Mathisen, 1991
1991 | late Feb-early Mar 42 960 822 1236 288 Macaulay & Mathisen, 1991
1992 | late January 36271 2220 2220 61.2 Hewitt & Demer, in press
1992 | early March 36271 1075 1075 296 Hewitt & Demer, in press
1993 | January 36271 4880 4880 1345 Hewitt & Demer, submitted
1993 | February 36271 3220 3200 88.2 Hewitt & Demer, submitted

* excluding biomass of observed superswarm

Amos, A.F., JL. Bengtson, O. Holm-Hansen, V.J. Loeb, M.C. Macaulay and JH. Wormuth. 1990. Surface water
masses, primary production, krill distribution and predator foraging in the vicinity of Elephant Island during
the 1989/90 austral summer. Document WG-CEMP-90/11. CCAMLR, Hobart, Australia: 65 pp.

Hewitt, R.P. and D.A. Demer. (In press). Dispersion and abundance of krill in the vicinity of Elephant Island in
the 1992 austral summer. Mar. Ecol. Prog. Ser.

Hewitt, R.P. and D.A. Demer. (Submitted). AMLR Program: distribution and abundance of krill in the vicinity of
Elephant Island in the 1993 austral summer. US Antar ctic Journ.

Klindt, H. 1986. Acoustic estimates of the distribution and stock size of krill around Elephant Island during
SIBEX | and I1in 1983, 1984 and 1985. Arch. FischWiss., 37: 107-127.

Macaulay, M.C. and O.A. Mathisen. 1991. AMLR Program: hydroacoustic observations of krill distribution and
biomass near Elephant Island, austral summer 1991. US Antarctic Jour., 26 (5): 203-204.

4.33 The totd aress related to the abundance estimates in the above table differ greetly and the
question was raised whether estimates for a standardised area would be more helpful for the
Working Group for the CCAMLR Ecosystem Monitoring Program (WG-CEMP). Dr Hewitt indicated
thet, in principle, it would be possible to extract subsets of data from each survey, coinciding with a
pre-defined area, and re-estimate abundance from this subset.

4.34 Prdiminary results of the 1992/93 Korean Antarctic Research Program cruise are presented
in WGKrill-93/41. Only some of the data has so0 far been andysed but the authors intend to complete
andyses and present fina results to ccaMLR. The Working Group encouraged the authors to
complete this work as soon as possible.

435 Dr S Kim (Republic of Korea) dso indicated that the intention was to continue the
mesoscae surveys that have been conducted annudly for the past five seasons around the South
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Shetland Idands and in the Brandfidd Strait. Scientigts interested in being involved in the
multidisciplinary survey planned for 1994 were invited to contact Dr Kim.

4.36 It was noted that results in WG-Krill-93/41 indicated the presence of Thysanoessa in areas
where Euphausia superba were dso found. Acoudticaly these gpecies are very smilar and
acoudtic survey results may therefore, in some cases, be contaminated by the presence of
Thysanoessa.

4.37 The problem is tha net hauls are only taken at intervas and do not provide information on
the species compodition for the sections of track between hauls. In this regard, multi-frequency
systems may help in distinguishing between the two species.

4.38 Dr M. Naganobu (Japan) indicated that the Japanese Rv Kaiyo Maru will conduct an austrd
summer cruise during the 1994/95 season to carry out an oceanographica and ecologica survey in
relaion to the digtribution and abundance of krill in the vicinity of the South Shetland Idands. He
a0 noted that the us and the Republic of Korea plan smilar research cruises during the sametime
andinthisarea. It isanticipated that there will be close coordination between these Members.

Other Areas

4.39 No new estimates of biomass were reported for areas other than Statistical Area 48.

Biomass Egtimation for CEMP Integrated Study Regions

4.40 There has been a continuing request from WG-CEMP for edtimates of krill biomass in I1SRs
(sc-cAMLR-X, Annex 7, paragraph 5.6). The Working Group noted that, aside from the changesin
biomass estimates for Subarea 48.1 due to recaculation of ABEX data, there have been no changes
in esimates of krill biomass in the ISRs since last year’ s summary (SC-CAMLR-XI, Annex 4, Table 2,
Figure 2).

Future Near-synoptic Acoustic Survey(s) in Satistica Area 48

441 The Working Group agreed that te primary purpose of a near-synoptic survey for krill

would be to provide an estimate of By (pre-exploitation biomass extimated from a survey) used in
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the population modd to estimate sustainable yield. It was further agreed that gppropriate survey
areas would be large portions of Statistica Area48 and smdler portions of Statistical Area 58.

4.42 1t was noted that some of the problems with the ABEX survey data encountered last year had
now been resolved WG-Krill-9320 and 31). These data are currently used to estimate Bo. It was
further noted that the 1992/93 krill fishery took gpproximately 81 000 tonnes, wel below the
precautionary limit of 1.5 million tonnes, and that the fishery is not expected to increase subgtantialy
in the next year.

4.43 The Working Group thus concluded that a near-synoptic survey was a not a metter of
immediate urgency, but that survey designs should be prepared which specify the resources required
to achieve the desired precison. For example, during FIBEX gpproximately four ship-months were
required to survey 1000 000 km? (10%) of Statistical Area 48 with a 15% coefficient of variaion
(cv), and three ship-months were required to survey 1777 000 kn? (15%) of Statistical Area 58
withacv of 32% (Table 4).

4.44 The Working Group agreed that there was a need to start developing plans and designs for
future near-synoptic surveys. It was noted that planning and organising surveys would take at leest
two to three years. Therefore plans should be prepared as far in advance as possible to reduce the
lead time should further specific surveys be required.

4.45 Thebadcam of such asurvey would be to estimate avaue of B, which isused in caculation
of potentid yied of krill. In addition to parts of Statisticd Area 48, parts of Statistica Area 58
should be consdered fird. Areas where high krill abundance may be anticipated should be
identified. There may dso be other aggregation parameters that would be required for survey
design.

4.46 The net hauls used for target identification can, in principle, be used to improve estimates of
mean recruitment and its variability. Procedures to ensure that the necessary length dendity data
(WG-Krill-93/12 and 13) are obtained should be taken into account in the survey design process.

4.47 The Working Group agreed that an ad hoc correspondence group, coordinated by the

Convener, should be set up to tackle the problem of designing near-synoptic acoustic surveys to
edimate By, in theintersessond period. The group should report to WG-Krill at its next mesting.

4.48 The Working Group agreed that, for the purposes of monitoring and managing the krill
fishery, additiond surveys and/or indices of population abundance derived from catch and effort data
will be required.
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Coallection of Other Essentid Data
KRAM Project

4.49 The Scentific Committee has requested WG-Krill’s advice (SC-CAMLR-XI, paragraph 2.32)
on a Russian proposa (KRAM) to model interactions between krill aggregations and the subsequent
desgn/implementation of acoustic surveys to estimate biomass (SC-CAMLR-XI-BG13).

450 TheRussan proposa was consdered with respect to the following:

(i) the project's origins as a priority item in the various initiaives being developed by
WGKiill;

(i)  whether the future work of wa-krill islikely to be hampered by non-acquigtion of the
kind of information envisaged to arise from the project; and

@ii)  whether there is sufficient expertise within wWG-Krill to undertake research of the type
proposed.

451 It was agreed that many of the studies proposed by KRAM were, or already had been,
addressed by specidigts in the field of krill ecology both within and outside the CCAMLR community.
Furthermore, dthough KRAM is of generd interest, the kind of information envisaged to be of usein
deveoping advice on krill management islikely to be somewhat different from that of KRAM.

452 wakrill members dso fet that there is sufficient expertise on krill aggregation dynamics
within the Working Group. In this regard, many participants indicated that the study of krill
aggregetion is a continuing research priority in their respective countries and that results pertinent to
the work of WG-Krill are anticipated in the near future.

453 Consequently, wG-Krill recommended that there is no urgent need for the Scientific
Committee to put asde funds to support KRAM. Nevertheless, given the anticipated need for
near-synoptic krill surveys in the near future (paragreph 4.43 to 4.44), and in view of other
associated initiatives, WG-Krill encouraged the KRAM proposers to seek funds from granting bodies
for the project’s implementation. In this connection, the Working Group expressed regret that the
principad KRAM investigator had not atended the current meeting.

454 Detals of the collection of other dataare givenin Table 6. Attention is drawn to the need for
more information on length dengity from random net hauls to use in the estimation of the mean and

variance of recruitment.
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Refinement of Yidd Edimate Cdculations

Evduation of Population Models

455 Prof. Butterworth presented wWG-Krill-93/42, which detalled the results of modifications
requested by the two previous mesetings of the Working Group to the procedure used to relate krill
yidd to a pre-exploitation survey estimate of krill biomass. It was noted that the code for these
computations had been vaidated by the Secretariat. It was noted further that dgebraic errors
detected by Dr K. Hiramatsu (Japan) in the evauations presented at the previous meeting had been
corrected, and that independent computations by Dr Hiramatsu had provided results essentidly
identicd to those of wG-Krill-93/42.  Accordingly, the Working Group concluded that adequate
cross-checks had been carried out, and that the results presented could be accepted.

456 The mgor advance in these new results, compared to those used by the Working Group in
1991 as a basis to recommend precautionary catch limits for krill8, was to take uncertainties in the
vaues of a number of biologicd parameters (e.g., naturd mortdity, recruitment variability) into
account by averaging results over the perceived ranges for these uncertainties. These new results did
not differ greatly from those of Butterworth et al. (1992)9: the median depletions at the end of a
20-year period of harvesting were scarcdly affected, while probabilities of the spawning biomass
dropping below a certain critical leve increased only dightly. Of the three different fishing seasons
(summer, winter and dl year) for which the revised caculaions had been carried out, winter fishing

offered margind advantages (the risks of depletion are less for the same vaue of g, where gisthe
fraction of B, which is harvested each year).

457 One modification agreed by the previous meeting of the Working Group did produce a
marked effect on results. This was the impaogition of an upper bound of 1.5 on the effective annud
fishing mortaity, which means that the intended congtant catch is not fully harvested in years when
harvesting would involve remova of more than 80% of the exploitable biomass of krill. Thisled to
marked reductions in the probability of the spawning biomass faling bdow smdl fractions of its
median Sze in the absence of exploitation. Further, dthough median depletions were little affected
for g < 0.2, the 1.5bound prevents these values from dropping to zero as g isincreased above 0.2.

8  Butterworth, D.S., A.E. Punt and M. Basson. 1991. A simple approach for calculating the potential yield of
krill from biomass survey results. In: Selected Scientific Papers, 1991 (SC-CAMLRSSP/8). CCAMLR,
Hobart, Australia: 207-217.

9  Butterworth, D.S., G.R. Gluckman and S. Chalis. 1992. Further computations of the consequences of setting
the annual krill catch limit to a fixed fraction of the estimate of krill biomass from a survey. Document WG-
Krill-92/4. CCAMLR, Hobart, Australia.
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458 It was noted that these computations could be updated relatively easily, given improved
estimates for biologicd parameters and their associated uncertainties. WG-Krill-93/42 showed that
results were sengtive to the length a 50% recruitment to the fishery (particularly for g> 0.2), which
emphasised the need to andyse newly available information in this regard with specid care.

459 The Working Group agreed that this further work has been a vauable exercise and that the
problems encountered at last year's meeting have been solved. Thanks were extended to dl those
involved in testing, vaidation and further development of the modd.

4.60 The Working Group discussed the improvement of inputs into the modd and the criteria to
be used in sdecting a vdue for g (the multiplication factor that provided an estimate of potentia

yield).

4.61 In the case of inputs to the modd, attention was drawn to results in WG-Krill-93/40 which
show a difference in 9ze a maturity between mdes and femdes. The current modd effectivdy
congders femaes only, with input parameters gppropriate for females.

4.62 Other inputs incdlude estimates of M (naturd mortdity) and recruitment varigbility. In this
regard attention is drawn to papers WG-Krill-93/12 and 13 as well as paragraphs 4.65 to 4.73.

4.63 Inthe past, the choice of agvaue has mainly been with regard to the probability of the stock
fdling below a criticd vaue (a 10% probability that the krill spawning biomass fdls beow 20% of its
median pre-exploitation level over aperiod of 20 years). In addition to this criterion, the caculations
presented in WG-Krill-93/42 dlow the consderation of quantities such as average escapement of

gpawning biomass. Thisis of importance, not only with regard to the krill population, but dso with
regard to predators.

4.64 The Working Group was informed that the Secretariat had dready incorporated the
procedures for generating recruitment as set out in WG-Krill-93/13 into the computer code used for
the cdculations. It was agreed that further cdculations usng this new method for generating
recruitment and updated parameters should be carried out and presented to WG-Krill a itsmegting in
1994. Details of these caculations and other associated recommendations are given in Appendix E.

Evauation of Demographic Parameters

4.65 Dr dela Mare introduced paper WG-Krill-93/12 which describes a method developed aong
the lines suggested in Appendix E of last year's wG-Krill report. The method is a modification of
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McDondd and Pitcher’s method for the decomposition of a mixture of length at age didribution into
their separate components. The method uses numerica dengity at length data from random samples
from net haul surveys. The daidicd properties of these data are different from those usudly
conddered in length decompostion problems so that the firsd modification of McDondd and
Fitcher’s method was to use a likdihood function based on Aitchison's delta digtribution as the
criterion for fitting a mixture ditribution to the data

4.66 The second modification was to define the parameters of the mixture didribution only in
terms of the proportion of recruits in the samples, that is, the proportion of the sample in the
youngest age class. This means tha this proportion is estimated directly when fitting the mixture
digribution to the data, and dlows asymptotic confidence interval and a variance estimate to be
made for the proportions of recruits. WG-Krill-93/12 described the results of the gpplication of the
method for a number of net haul surveys from the BIOMASS database and the Audtralian Antarctic
Divison. wG-Kiill-93/12 described the assumptions needed for vaid estimates of the proportion of
recruits as.

() the net samples are representative of the length structure of a sdf-suganing krill
population, for the range of age classes consdered;

(i)  increasing age leads to a monotonic increase in mean length a age, which givesrise to
amixture distribution; and

@) krill do not naturaly shrink to the extent that the smalest component consdered in the
mixture becomes polluted with animals of greater ages.

4.67 Themain potentid problem with this gpproach is selectivity in the numerical dengity-at-length
samples. There are two possible sources of bias. Firdt, (gear) net sdlectivity may mean that the first
age class is over- or under-represented. Different types of nets would have different selectivity
characterigtics. Second, the timing and positions of net hauls may be such that the entire population
is not represented. This may be as a result of nsufficient coverage and/or the inhomogeneous
digribution of krill by sze. Sdectivity would lead to biased estimates of the mean and variance of
proportiond recruitment.

4.68 The Working Group agreed that it was essentia to address these questions and to assess
whether sdectivity is indeed a serious problem. Here it is important to bear in mind that the
edimates of the mean and variance of proportiona recruitment are used in the potentid yidd
caculations which may prove not to be particularly sengtive to this problem.
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4.69 Three gpproaches should be consdered. First, smal-scde smulation sudies to invedtigate
the sengtivity of the potentid yield caculations to sdectivity should be undertaken. Second, field
experiments to try to assess the selectivity of different types of gear should be encouraged. Third,
more data from random net hauls should be andysed. Net hauls from acoudtic surveys are
gopropriate for this andyss, provided that numericd dengties a length (rather than only length
frequencies) can be calculated.

470 It was ds0 agreed that attention should be given to sampling design, particularly in aress
where krill are known to segregate by maturity (or life history) stage (e.g., WG-Krill-93/8). When
andysng exiding datasets, information on time, location and gear type should be consdered. In
connection with net avoidance, for example, Everson and Bone (1986)10 advise that RMT8 gear
should idedlly only be used a night (i.e., when dark).

471 In spite of the concerns about sdlectivity, the Working Group agreed that the results of
WG-Krill-93/12 were encouraging. Estimates from this study offered a great improvement over
previous estimates which were essentidly educated guesses, since no information had been available.

4.72 Dr de la Mare then introduced WG-Krill-93/13 which describes a smulation modd for krill
recruitment which uses the information obtained from the gpplication of the method presented in
WG-Krill-93/12. The modd produces random numbers of recruits each year required to match the
observations on proportiona recruitment.

473 The Secretariat was requested to vaidate the models and computer programs associated
with the analyses presented in WG-Krill-93/12 and 13 (see Appendix E).

474 wcKrill-93/8 highlighted three interesting aspects of krill dynamics. A rdaivey long time
series of data from the Antarctic Peninsula indicates that the distribution (or segregation) by maturity
dage is quite condstent from year to year. There is some evidence that recruitment success may
depend on the maturity stage of femades at a specific time of year. The authors further hypothesised
that the presence of sdps may cause a reduction in the number of femde krill in spawning condition
compared to numbers observed when saps are absent.

4.75 1t was noted that high sdp abundance in a given year may lead to low krill recruitment in the
following year. Theissue of sdpsisdsorased in WG-Krill-93/17 and 29.

10 Everson, I. and D.G. Bone. 1986. Effectiveness of theRMT8 system for sampling krill (Euphausia superba)
swarms. Polar Biol., 6: 83-91.
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476 Further atention should be given to the demography of salps and to problems associated
with diginguishing between sdps and krill in echo survey daa In order to support modeling
exercises to investigate acoudtic discrimination of krill and sdps or to estimate relative scattering
levels of the two, it is important that measurements be made of mass density and speed of sound in
sap specimens. Morphometric data are dso needed in acoustic modelling.

4.77 Dr Naganobu aso indicated that WG-Krill-93/27 presents results of maturity of krill for the
1990/91 and 1991/92 seasons around the South Shetland Idands, which are very smilar to resultsin
WG-Krill-93/8. WG-Krill-93/26 dedls with the relationship between krill and interannud variation of the
ice edge, and gives some suggestions for possble interactions between sdps, krill and
oceanographic conditions.

478 WGKrill-93/36 presents analyses of size data from the South Orkneys for the period October
1989 to June 1990. The author is encouraged by the Working Group to conduct further analyses
with these data. It would, for example, be useful if growth curves could be fitted to the sze
frequency data

479 WGKrill-93/44 presents estimates of mortdity (M) from samples taken in the Indian Ocean
sector. It was noted that there are difficulties with methods that etimate M from relaionships
between M and growth parameters. Such estimates of M tend to have very large variances (Pauly,
198011) and are generaly not as reliable as estimates made directly from size frequency data.

480 The andysesin wGKiill-93/12 and 13 can be used to estimate M directly from numericd
dengdity a dze data, provided that samples are representative and from random net hauls. There is
no need to separate dl age classes in the data; it is enough to separate the first age class from the
rest. This means that many of the problems encountered with the large degree of overlap in sze for
older age classes and the choice of number of age classesto fit do not arise.

4.81 One of the methods used in WG-Kiill-93/44 was Pauly’ s method which requires an estimate of
water temperature together with growth parameters to estimate M.  The Working Group felt that
these estimates should be interpreted with great caution snce the reiability of the method for polar
organigmsis not known.

4.82 Demographic udies of krill in the Indian Ocean sector were presented in WG-Krill-93/45.
The authors of this paper are encouraged to continue this work.

11 pauly, D. 1980. On the interrelationships between natural mortality, growth parameters, and mean
environmental temperaturein 175 fish stocks. J. Const. Int. Explor. Mer., 39: 175-192.
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4.83 The submisson of papers WG-Krill-93/44 and 45 from a non-Member state (Ukraine) was
noted with thanks.

ECOLOGICAL IMPLICATIONS OF KRILL FISHERY

Location and Timing of the Fishery

Statistical Subareas 48.1 and 48.2

51  The Saentific Committee had requested advice from wG-Krill on additiond management
measures aimed at ensuring that krill catches are not concentrated in areas close to predator colonies
(sc-cAMLR-XI, paragraphs 2.78 and 5.39 to 5.43), particularly within Subarea 48.1.

5.2  The Scentific Committee further requested that the Secretariat should conduct smulation
dudies to analyse potentia changes in fishing patterns with a view to presenting such data to
WG-CEMP and WGKirll (SC-CAMLR-XI, paragraphs 541 to 5.44). A Secretariat paper
(WG-Krill-93/10) pertaining to this issue had been tabled.

5.3  waGKrill-93/10 showed that during the 1992 season, 70% of the catches in Subarea 48.1 and
38% of those in Subarea 48.2 were taken in areas within 100 km from predator colonies.
Dr Agnew stressed, however, that the lack of fine-scale data prevented more precise anayses,
epecidly in view of the generd lack of fine-scale data reported from Subarea 48.2.

54  waGKill-93/7, on the other hand, presented results from an andyss of Japanese very
fine-scale data (10 n miles x 10 n miles) from Subarea 48.1 in rdation to penguin digtribution and
food requirements. The paper showed that: (i) krill catches are concentrated near Livingston and
Elephant Idand in Subarea 48.1; (ii) the large penguin colonies in Subarea 48.1 are located on King
George, Robert, Low and Ndson Idands; and (iii) subsequently the geographic overlgp between the
fishery and penguin foraging area during the critica period when animas are confined to their idand
breeding sites (December to March) islow.

55  Paper wacKiill-93/7 dso showed that current krill catches in Subarea 48.1 were low

compared to the loca krill biomass in that subarea and consequently suggested that the current
fishery isvery unlikely to have an adverse impact on the loca krill biomass and hence on penguins.
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5.6  Dr Main commented that this study confirmed that there is no urgent need for additiona
precautionary measures in Subarea 48.1 to address fishery-predator concerns. Dr Hatanaka agreed
with this opinion.

5.7  Dr Holt sated his beief that, snce an alocation scheme may be necessary if fishing levels
increase in the future, it is proper to study it now.

5.8 Dr J Bengtson (Usa) dtated that wGKrill-93/7 represented an important contribution to the
evauation of potentid locdised impacts of the krill fishery, and he welcomed the analyses provided
by this paper. He noted, however, that the vaues for penguins krill consumption used in the paper
were provisond and the understanding of the specific nature of interactions between krill and its
predators is 4ill incomplete (e.g., how do krill digtribution petterns affect the availability of krill

biomass to predators, or how do krill move within the fishing grounds of Subarea48.1). In addition,
further work is needed to incorporate other krill predators such as fur seds, flighted seabirds, fish,
and squid into austral summer krill consumption estimates. He noted that the paper, with its andyses
of vay fine-scae fishing data, offered a vauable foundation for continued research on these
important topics.

59  Sevad Working Group members commented that WG-Krill-93/7 offered an important
contribution to the continuing work of the Group and aso served to emphasise the importance of
reporting fine-scale catch data.

510 The Working Group specifically encouraged the development of andyses smilar to those
carried out in WGKiill-93/7 in other subareas which fdl outsde Statisticad Area48.

Other Subareas
511 The Working Group acknowledged that the information presented on potentia
predator-krill-fishery interactions are only available for Subarea 48.1, and that there is generd lack

of such information for other subareas within Statistical Area 48 or for other areas. Consequently,
amilar analyses for other Satisticd areas and subareas were strongly encouraged.

140



Rdation of Fishing to Krill Predators

Definition of Functiond Rdationships

512 wGKirill-93/43 described an initid attempt to modd the inter-relationships between krill, the
fishery and dependent predators, following the framework developed by the Joint Meeting of WG
CeMP and WGKrill in 1992 (SC-CAMLR-XI, Annex 8, Appendix 1).

513 The firg requirement of the above modd was to fix the parameters of the functiond
relationships relating predator surviva rates to krill aoundance. Members of wG-CEMP had provided
information on the frequency of good, poor and bad years for adult predator surviva and for the
breeding success of four species of krill predator. This information was used to fix the levels of krill
biomass, reative to the median levd in the aisence of exploitation, a which adult and juvenile
aurviva raes (respectively) sart to decline as krill biomass decreases. The adult survivd rate
estimates provided for the various predators were taken to represent the maximum vaue of this
vaiable.

514 A “one-way” interaction modd was developed, in which krill @bundance fluctuations impact
the predator population, but not vice versa. Animmediae problem arose regarding the information
supplied for two of the predator species Addie penguins and Antarctic fur seels. This information
suggested that these two species would not be sdalf-sugtaining, even in the absence of akrill fishery,
because the annual losses to naturd mortdity gpparently exceed the maximum possible birth rate.
WG-CEMP would be asked to examine whether there were perhaps biases in the estimates of
population parameters provided, or errors in the manner in which they had been interpreted, which
could explain thisanomay. Specific questionsin thisregard are detailed in paragraph 5.20.

5.15 The primary result of this moddling exercise was the indication that variability in the naturd
recruitment of krill results in predator populations being less redlient to krill fishing than deterministic
evaduations would suggest. It was emphasised that it would be premature to atempt to draw
quantitative conclusons about acceptable leves of krill fishing intendty at this initid stage of the
exercise.

516 Some examindions of the sengtivity of the modd developed relative to its assumptions were
conducted. These indicated (inter alia) that predator populations were more resilient to krill fishing
if the availability of other food sources for the predators were taken into account. A framework for
developing a “two-way” interaction model, which accounts in addition for the effect of differing
predator consumption levels on krill, was proposed. However, the Working Group considered that
further work on this “two-way” modd should fird await darification of questions concerning
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parameter vaues for the population dynamics of the various species of predators consdered, and
investigation of the resultant implications for the “one-way” modd.

5.17 In conddering the next steps for refining the modd, it was agreed that the sengtivity of
results to the following modifications should be examined in gregter detall:

() different choicesfor SY ;

(i) vauesof Sy(B=0) and S, (B=0) which are greater than zero (to reflect the availability
to the predator of food sources other than krill).

518 Dr Haanaka commented that factors other than krill biomass might influence breeding
success and should aso be considered.

5.19 Dr Butterworth stated that the modd should only be viewed as prdiminary and as afirst step
in an attempt to define possible functiond relationships between krill, krill predators and the fishery.

520 The Working Group therefore agreed tha in the interests of refining the modd further,
WG-CEMP should be requested to answer the following questions:

() What are the maximum rates of population increase which have been observed for
closed populations (i.e,, no immigration or emigration) of the predator species used in
the modd, as well asfor other smilar species?

(i) What b the average life span of such predators (dso, are life table data available)
[Note: average lifetime ~ (1-Sp) 1, where S, isthe adult survivd rate]?

(i)  What were the proportions of “good”, “poor” and “bad” years for each predator
species during the period for which adult surviva rates were estimated?

(iv) What are the maximum vaues of adult survivd rates, as cdculated from data in good
yearsonly (i.e,, not including “poor” and “bad” years)?

(v) Do thevaduesfor the given surviva rates correspond to populations that are stable, are
increasing, or declining (and if changing, what is the magnitude of these changes)?
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(\) Are there identifidble biases in the population parameter estimates provided by
WG-CEMP from the periods in which the etimates were derived (e.g., tag or band
losses, sampling biases, etc.) and, if S0, can these be quantified? and

(vi) Are data of the type dready provided avalable for other relevant predator
populations?

521 The Working Group fdt that WGCEMP's condderations of these issues would help to
improve development of the current modd.

5.22 waGKirill-93/15 addressed interactions between demersal fish and krill in Subarea 48.1. This
showed that krill isan important prey item for demersd fish.

5.23 These results were discussed, especidly in ration to their inferred implication that large
benthopel agic populations of krill may be present in the area studied. The attention of the Scientific
Committee is drawn to this concluson and the Working Group encouraged the further devel opment
of studiesto evauate the extent of krill population at depths greater than 200 m.

524 Dr Everson commented that the study adso indicated that squid may be an important
by-catch in the krill fishery but that no information on the species concerned had been provided.

5.25 The Scientific Committeg’s attention was drawn to this matter and the Working Group

encouraged further analysis of the squid component in this particular sudy.

Status and Role of crUE Indices

5.26 In the light of the discusson under item 3, the view that CPUE was likely to be more easlly
interpreted in aloca context than in alarger, subarea or area, context was again expressed.

5.27 The Working Group agreed that it was important to distinguish between the use of CPUE
information for the purpose of the estimation of krill biomass and for other purposes, such as the
goplication in WGKRILL-93/14, where CPUE is used as a measure of localised dendity. It is therefore
dill necessary to collect and submit catch and effort data (Sc-CAMLR-XI, Annex 4, Table 6).

528 cPUE indices were discused in terms of ther potentid utility in improving current
understanding of the relationship between locd krill abundance and the fishery.
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5.29 Theinitid cPUE studies conducted by Butterworth (1988)12 and Mangel (1988)13 identified
three basic parameters required for the construction of a CPUE index: searching time, towing time
and totd catch. One of the most difficult problems is the collection of search time data and this
affects the practicality of this gpproach.

5.30 It wasagreed that search timeis a potentialy important component of any CPUE index which
attempts to relate krill digtribution and aundance to fishery performance. Mr T. Ichii (Japan)
indicated that in his experience efforts to collect search time information from the Japanese krill

fishery had been futile given attendant difficulties in defining the exact characterigtics of the krill fishing
operation a any given time.

5.31 Both Drs Butterworth and de la Mare provided suggestions as to how search time could be
edimated. The first gpproach involves estimating search time as a remainder component after
subtraction from tota time of the time spent on other activities (fishing time, processing time, etc.).
The second would be to record afishing vessel’ s activity a random ingtants.

5.32 The Working Group encouraged fishing nations to investigate the feashility and cost of
recording search time from the krill fishing operations dong the lines outlined in paragraph5.31
above. Such investigations should include an assessment of the cost-effectiveness of collecting the
necessary data and submissions on the topic were encouraged. It was agreed that in dl likelihood
this evduation could only redly be achieved by the placement of Scientific Observers aboard fishing
vessls.

Effects of Management Measures on Krill Fishing

533 At its 1992 meseting the Scientific Committee requested that the Secretariat design a
samulaion modd to investigate the consequences of different extents and locations of closed areas on
the krill fishery in Subarea 48.1 (SC-CAMLR-XI, paragraphs 5.41 and 5.42). A smple deterministic
modd of the fishery over the months December to March was described in WGKrill-93/14. The
modd used cPUE data from the Chilean fishery to estimate the mean catch- per-fishing time in each of
the fine-scale squares of Subarea 48.1 and the historical digtribution of effort in the Chilean fishery to
estimate a desrability function for each fine-scale square.

12 Butterworth, D.S. 1988. A simulation study of krill fishing by an individual Japanese trawler. Selected
Scientific Papers, 1988 (SC-CAMLR-S3P/5), Part I. CCAMLR, Hobart, Australia: 1-108.

13 Mangel, M. 1988. Analysis and modelling of the Soviet Southern Ocean krill fleet. Selected Scientific
Papers, 1988 (SC-CAMLRSSP/5), Part . CCAMLR, Hobart, Australia: 127-235.
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5.34 The modd predicted a tota catch of 9600 tonnes per vessdl over a four-month period.
This tota, and the digtribution of catches predicted by the modd, agreed well with the generd leve
and digtribution of catches from other fishing nations in Subarea 48.1 reported to CCAMLR.

5.35 Severd management scenarios were conddered by the paper.  Prohibiting catches within
50 km of the South Shetland I1dands from December to March caused a 24% reduction in catch.
Prohibiting catches within 100 km of Elephant Idand caused a 15% reduction in catch, but the same
redtriction a Livingston Idand led to an increase of 39% in catch. Closing the latter two zones in
dternate years would maintain the cach a its origind leve, but woud have the effect of
concentrating dl the catch in the area which was open.

5.36 TheWorking Group commended the Secretariat for the preparation of the document in such
atimely manner. It was agreed that the modd was a good firgt atempt and that it could serveasa
bass for further developments.

5.37 It was noted that mean catch rates were substantidly larger at Elephant Idand than at
Livinggon Idand. This suggests that krill fishermen should be more successful if they fished only a
Elephant 1dand but in fact fishing occurs at both locations. Severd reasons were suggested why
both locations are fished:

()  fishermen may not maximise caich raes but catch only the amount that can be
processed;

(i) actud catch rates in an area during a fishing season may vary substantidly from the
mean rate (i.e, krill abundance may be low in an area during part of the season); and

(i) other factors, such as the presence of sdps or searice, may condran successful
fishing.

5.38 Sinceactud CPUEratesin an aeamay differ substantidly from the mean CPUE rate during the
fishing season, it would be useful to have fine-scale data from vessals operating in different areas
during the entire season to enable the model to be refined.

5.39 The Working Group noted that it would dso be vauable if information were available from
the fishery concerning specific effects likdy to serioudy impact on the fishery as a result of closing
localised areas in Subarea 48.1. This information would include such factors as economic
condderations, product quality, and congtraints on fishing operations (e.g., induced by vessas having
to move from ice-free to ice-bound areas).
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5.40 Findly, the Working Group noted that management options consdered to date have been
basad predominantly upon datigtica area divisons. As indicated at previous meetings, it may be
necessaxry to include congderation of krill “functiond” ecologicd units (WGKrill-93/37) in future
investigations of management gpproaches to address the potentid problem of overlap between the
fishery and localised predators.

Liaison withwG-CEMP

541 At its 1992 medting, the Scientific Committee recognised that a flexible scheme for
desgnating specific management areas, fishing grounds or areas of specific ecologicd interest is
required (SC-CAMLR-XI, paragraph 2.108). The Committee further directed that waGkrill and
WG-CEMP should continue their close liason on the development of a feedback management
procedure to take account of information on interactions among krill, krill predators, the fishery and
the environment (SC-CAMLR-XI, paragraph 2.109).

542 The Working Group recognised the utility of information on investigating predator/prey
interactions presented in severd documents (VGKirill-93/7, 14, 37, 43, 47 and WG-CEMP-93/4). The
Working Group encouraged additional interaction between the two groups to further develop
information (see below) for use in predator/prey interaction models.

5.43 Inaddition, little information is avallable concerning predator/prey interactionsin other areas
(e.g., Subareas 48.2, 48.3 and Statistical Area58). Therefore, the Working Group suggested a high
priority be placed upon obtaining this information.

544 Severd specific areas where interaction between the two groups would benefit have dready
been identified e sawhere in this report (see paragraph 6.23).

545 The Scentific Committee had adso encouraged Members to develop models to evaduate the
datistical performance and cost-effectiveness of possible experimental harvesting regimes designed
to diginguish between naturd vaidaion in predator peformance and effects due to fishing
(sc-cAMLR-XI, paragraph 6.10). No submissions on this topic had been received but it was pointed
out that the continuing development of the potentid yield and krill- predator interaction modes will
enable future progress on this matter.

146



ADVICE ON KRILL FISHERY MANAGEMENT

Precautionary Limits on Krill Catchesin Various Aress

Edtimates of Potentia Yield

6.1  The standard approach which has been adopted in the past by the Working Group for
esimating the potentid yield (Y) of krill in an area has been to multiply an estimate of krill biomass
for the area (which is taken to reflect a pre-exploitation level B,) by afactor gi.e., Y=0gBo. A
modd of krill population dynamics (discussed in paragraphs 4.55 to 4.64, above) is then used to
predict theimplications of different choicesof g for future krill spawning biomass levels.

6.2 It was noted that consderable progress had been made since the previous meeting in regard
to the components of thisformula. There was now agreement concerning the best estimate of B, for
Subareas 48.1 + 48.2 + 48.3 obtainable from the FIBEX data (paragraph 4.27), and the formulae
and associated computer code used to predict the consequences of dternative choices for the vaue
of g had been validated.

6.3 Indiscussons, two vaues of gwere suggested as gppropriate for estimating potentid yield:
g= 01 and g=0.165 The implications of these dternatives for future krill spawning biomass
levels, expressed as proportions of median levels in the absence of exploitation, are as follows.

(These reaults are taken from the cdculations of WG-Krill-93/42, and apply to fishing conducted
throughout the year; of the three fishing seasons examined in that paper, such whole-year fishing was
congdered to best reflect the current practice in the krill fishery.)

Stidic g =01 g =0.165

Probability of biomass falling below
0.2 over 20-year harvest period 0.02 0.10

Biomass leve a the end of 20 years.
median 0.78 0.62

lower 5% -ile 041 0.24

WG-Krill-93/42 showed that results for values of g in this range are rddively insengtive to dternative
fishing seasons, and to a number of other variations of the krill population dynamics modd.
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6.4 Thechoice of g = 0.165 is conastent with the criterion used previoudy by the Working
Group for selection of thisvaue: a 10% probability that the krill spawning biomass fdls below 20%
of its median pre-exploitation level over a20-year period of harvesting.

6.5  Some account should also be taken of the Commission’s agreed concepts (SC-CAMLR-1X,
Annex 4, paragraph 61) in relation to operationd definitions of Article11. The firgt of these concepts
is that the am should be to keep krill biomass a& alevel higher than if only single species harvesting
congderations were of concern (which would typicaly be about 50% of the median pre-exploitation
level). The second concept indicates that, given the fluctuations induced in the krill spawning
biomass as a result of recruitment variability, the lower tal of this spawning biomass digtribution
needs to be taken into consderation as well. Accordingly, results for the median and lower 5% -ile
of this didribution are given in the table in the preceding paragraph. It is to be noted that these
cdculaions incorporate the consequences of survey sampling variance in the etimate of krill
biomass B,,.

6.6 A case can be made for the choice of g= 0.1 at the present time, on the grounds that the
associated spawning biomass digtribution gtatistics reflected in the table in paragraph 6.3 would
certanly seem conggtent with the agreed concepts associated with Article 11, as referenced in

paragraph 6.5.

6.7 It wasnoted that afirmer choice of avaue for gin the context of Article 11 would be possible
only after further devdopment of the recently initiated krill-predator modelling studies (paragraphs
5.12 10 5.16). Vaues suggested at present for g should certainly be reconsidered once such studies
are sufficiently advanced.

6.8  Other factors to be taken into account in consdering estimates of potentia yield for krill at
thistime are that:

() theedimatesof B, from FIBEX are now some 12 yearsold;

(i) predictions of datigticd digtributions of krill biomass for different g vaues reman
based on educated guesses for ranges of certain biologica parameters - data-based
estimates for these parameters will be available for the 1994 mesting of the Working
Group (see paragraphs 4.65 to 4.83); and

@) it will be possble to teke these estimates, together with other refinements of the krill
population dynamics mode (see Appendix E), into account in providing improved

predictions for various choices of g, at the 1994 meeting.
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6.9  Taking cognisance of al these points, the Working Group bdlieved that a this time arange of

potentid yield estimate (Y) should be provided for each Statistical Area, based upon the best
edimate of B, for that area and the two vaues put forward for g The current best estimates of

potentia yidd are therefore as follows, and are shown together with the preliminary catch levels
reported for the 1992/93 season for comparative purposes.

ArealDivision Bo (106 tonnes) g (106 tonnes) 1992/93
g=0.1 g=0.165 Catch (106 tonnes)
48.1+ 482+ 483 30.8 308 - 508 0.08
48.6 4.6 046 - 076 0
58.4.2 39 039 - 064 0

Immediate substantial increases in these present catch levels are not anticipated (see paragraphs 3.3
to 3.12).

6.10 Attention is drawn to the fact that fishing took place in Divison 58.4.1 during the 1992/93
season, but that no range of potentia yield estimates is provided for this divison in the preceding
table because of the absence of any survey in thisdivison.

6.11 Priority should accordingly be given to planning a survey of Divison 58.4.1. Asthisdivison
is large, some subdivison may be necessary because of logigticd condraints. Information (eg.,
regarding the operationa areas of the past and present fisheries in this Division) should be provided
at the Working Group’'s next mesting to dlow this matter to be addressed.

6.12 Revisons of the exiging B, estimate for Division 58.4.2, together with another estimate from

a subsequent survey in part of this Divison, should be available for consderation a the Working
Group's next mesting.

6.13 Moadifications of Table 5 of the report of the Working Group’'s 1992 meeting, which
presented various options for alocating a precautionary catch limit for this Statistical Area amongst
its congtituent subareas, were necessary due to the revisons of the FIBEX estimates of biomassin
Statistical Area48. These amendments are reflected in Table 5.

Possible Ecologica Effects of Catch Limits

6.14 This matter is discussed in paragraphs 5.33 to 5.40 above.
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Refining Operationd Definitions of Artidel!
Formulation of Policy Questionsto Commission

6.15 The Commisson has dready agreed to four concepts in this regard (SC-CAMLR-1X, Annex
4, paragraph 61). As indicated in paragraph 6.5 above, the present method used to provide
estimates of the potentid krill yield is dready able to take some account of the firgt two of these
concepts.

6.16 The process of moving from these concepts to operationd definitions which relate directly to
management advice, has sarted with the initiation of models of krill predator interactions (paragraph
5.12 to 5.16 above), but it will probably be some time yet before these modes are sufficiently

developed to be relied upon to provide the quantitative information required. The ultimate definitions
themsdves may be of a composite nature, including the satisfying of multiple criteria; for example,

criteria for each of the three statistics reported in the table in paragraph 6.3, rather than a criterion in
terms of one of these only.

6.17 It was conddered that the best gpproach to seeking advice from the Commission on this
matter would be to offer a specific range of dternatives, together with the anticipated consequences
of each, and to ask the Commission to indicate its preference amongst these. Consderation should
be given to the formulation of questions to the Commisson in this manner a the next meeting of the
Working Group.

6.18 The Commisson's atention should also be drawn to the fact that advice from the Scientific
Committee on best estimates of, say, the potentid yield of krill will change from one year to the next
as the basis for the scientific caculations improves with time.  Thus, for example, the range of
esimates for this yidd (in 106 tonnes) for Subareas 48.1 + 48.2 + 48.3 has changed over the past
three mesetings from 1.40-2.11 in 1991, to 0.69-2.14 in 1992, to 3.08-5.08 thisyear. Inthelight of
the levd of variability which this indicates, the Commisson may wish to consder the frequency
(annud or less regularly) a which it might wish to adjust precautionary catch limits (up or down) in
response to updated scientific assessments.

Other Possible Approaches and Their Development

6.19 Discussonin thisregard in reaion to the location, timing and intendty of krill fishing may be
found in paragraphs 5.1 to 5.10.



Daa Requirements

6.20 TheWorking Group discussed Table 6 from the report of the Group’s 1992 meeting, which
detailed these requirements at that time, in the light of subsequent developments reported at this
meeting. The resultant modified list of requirementsis gpopended as Table 6.

Future Work of wa-kiill

6.21 Points to be highlighted under this heading are further developments of the model used to
asess the potentiad yidd of krill, a workshop to evduate krill flux in Statigtica Area 48, the
implementation of future surveys, and development of Operationd Definitions of Article 11 in the
course of a continuing didogue with wG-CEMP. More details of these and other planned activities
may be found in Table 7, which was devedoped by the Working Group by updating the
corresponding table from the report of the previous meeting in the light of progress made through the
year.

6.22 Three adminigtrative points were dso rased under this agenda item. First, in future, papers
submitted to the Working Group must indicate on their cover page which agenda item they are
intended to address, and how they relate to the plan for future work detailed in Table 7.

6.23  Secondly, a preliminary agenda for a Joint Meeting of wG-Krill and wG-CEMPto be hdd in
1994 (C-CAMLR-XI, paragraph 6.15) will be drawn up by the Conveners in consultation with
members of the groups. The Conveners would attempt to draw terms of reference for the meeting
to be presented at SC-CAMLR-XII.

6.24 Thirdly, Members were asked to give consderation to the most gppropriate format for future
megtings of wWG-Krill and wWG-CEMP to fadilitate discusson of this maiter a the next Scientific
Committee meeting. Given the convergent nature of many of the matters under congderation by
these two groups, some form of combination of their annua meetings might be more gppropriate.
This exercise might profitably include areconsideration of WG-Krill’ s present terms of reference.
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OTHER BUSINESS

Exploratory Fisheries

7.1 At its 1992 meeting, the Commisson had agreed that it would be useful to develop a
procedure for evauating fisheries during their exploratory phase, and had requested the Scientific
Committee and its working groups to condder this matter during 1993 (CCAMLR-XI, paragraphs
4.32 and 4.33).

7.2  Inresponse to the Scientific Committee’ s request that Members develop and submit papers
outlining possible gpproaches to this issue (SC-CAMLR-XI, paragraph 3.51), a draft document has
been prepared by the us Deegation (CCAMLR-XI1/5). The authors indicated thet this draft was being
developed for submission to the Commission at its 1993 meseting, and was being made available now
to dlow review and comment by WG-Krill and WG-CEMP.

7.3  wGKrill consdered the draft document and agreed that it represented a useful gart in
responding to the requests of the Commission and Scientific Committee concerning exploratory
fisheries. Suggestionsfor refining the definition of “exploratory fisheries’ and for improving the clarity
of other dements of the draft were made to the authors, who indicated their intention to submit a
revised draft to WG-FsA, the Scientific Committee and Commission.

GLOBEC

74  Prof. J-O. Stromberg (Sweden) reported on the progress within the Internationd Global
Ocean Ecosystem Dynamics (GLOBEC.INT) program. The program which started as a us initidive
became internationd as the Scientific Committee on Oceanic Research (SCOR) in 1991 decided to
accept it as one of its mgor activities. It is now co-sponsored by 10C, ICES and PICES and to its
Southern Ocean component by SCAR. The scientific am of GLOBEC.INT is “to understand the effects
of physcd processes on predator-prey interactions and population dynamics of zooplankton, and
their relation to ocean ecosystems in the context of globd climate sysem and anthropogenic

change’.

7.5  During the meeting of the Southern Ocean Working Group the key scientific questions to be
addressed were formulated. These questions were formulated with regard to the ecology and

dynamics of zooplankton, top predators and their interactions and are listed in Appendix F. Full

details are given in the Report of GLOBEC.INT Southern Ocean Working Group.
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7.6  The GLoBEC Southern Ocean Working Group suggested that many of the questions be
examined within the context of a conceptua modd that would be developed for the Southern Ocean
prior to the development of afied program.

7.7 The GLoBEC Southern Ocean Working Group redlised the condderable overlgp with
interests in other internationd scientific groups, among those, CCAMLR and its Working Groups on
Krill and cemP, and decided to assume close contacts with these. Thereis condgderable overlgpin
membership between the GLOBEC Southern Ocean Working Group and waHKkrill.  This should
guarantee good liaison between the two groups and help ensure that duplication is avoided.

7.8  WGKrill agreed that dthough the specific ams of CCAMLR and the GLOBEC program are very
different there is a large area of common ground or common interest and there is a clear need for
interaction between cCAMLR and the GLOBEC Southern Ocean program.

7.9 It wasfdt that atwo-way process would be ussful and that cCCAMLR working groups should
make GLOBEC working groups aware of their areas or topics of top priority. The Working Group
a0 draws the Scientific Committee' s attention to the fact that there are likdly to be areas of overlap
between the work of these groups, and that liaison between CCAMLR and GLOBEC would serve to
reduce duplication and enhance the work of wG-Krill. Submission of papers describing the work of
GLOBEC should be encouraged for congderation under specific agenda items of future meetings of
WGKiill.

7.10 The Working Group further recommended that the Scientific Committee should consder
nominating an observer to the GLOBEC program. The work of wG-Krill would be greetly asssed if
this observer could be present at the Working Group's meetings in addition to those of the Scientific
Committee.

Bibliography of Antarctic Oceanography

7.11 The Working Group thanked the Secretariat for compiling this Bibliography (WG-Krill-93/11)
and Members for supplying the data for it. It was noted that the bibliography would continue to be
developed especidly in regard to its initiative towards a workshop on krill flux (paragraph 4.10),
which would atempt to synthesse much of the information contained in the papers listed in the

bibliography.

7.12 The Working Group was informed that the Bibliography can be obtaned from the
Secretariat either in Ascll format or as a bibliographic database in “Endnote’ format.
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ADOPTION OF THE REPORT

8.1  Thereport of the meeting was adopted.

8.2 In dosng the meeting the Convener thanked the rapporteurs, the various task group
conveners and the Secretariat for their support and hard work during the meeting. He aso thanked
the participants for the large number of submitted papers, their input and good humour throughout
the meeting. A substantive agenda had been addressed and the Convener indicated that many
worthwhile initiatives were now under way within wGKrill. This, in his opinion, isa srong indication
of the prevailing spirit of cooperation and friendliness which has come to characterise the Working
Group’'s meeting.

8.3  Findly, the Convener conveyed his, and the Working Group's thanks, to the local organisers
(Dr Naganobu and Mr Uno), the Fisheries Agency of Japan and the Japan Deep Sea Trawlers
Association, the Mariner’s Court Hotel and the Japanese Government for their hospitality.

84  Dr K.-H. Kock (Germany), Chairman of the Scientific Committee, echoed the above
sentiments, and expressed his thanks on behdf of the ccAMLR Scientific Committee.

8.5  MrE. de Sdas, Executive Secretary of CCAMLR, congratulated the Convener for conducting
the meeting in an efficient and productive fashion.



Table 1 Summary of fine-scale data from the krill fishery.

Nationality Subarea/ Y ear STATLANT Fine-scale %
Division Catch Catch
CHL 481 1987 4063 3886 9%
CHL 48.1 1988 5938 0
CHL 48.1 1989 5329 534 100
CHL 481 1990 4501 4501 100
CHL 481 1991 3679 3679 100
CHL 481 1992 6066 6 066 100
CHL 482 1987 123 123 100
DDR 48.3 1990 3% 0
ESP 481 1987 181 180 P9
ESP 48.2 1987 198 199 100
JPN 48.1 1988 71814 71817 100
JPN 481 1989 75912 75912 100
JPN 481 1990 33936 33936 100
JPN 481 1991 54720 54720 100
JPN 481 1992 61598 61607 100
JPN 482 1986 16 929 16929 100
JPN 482 1987 9826 9826 100
JPN 48.2 1988 1298 1298 100
JPN 482 1989 3016 3016 100
JPN 48.2 1990 1 0.22 22
JPN 48.2 1991 1924 1925 100
JPN 482 1992 272 263 97
JPN 48.3 1991 9606 9606 100
JPN 483 1992 12 405 12405 100
KOR 481 1987 1503 1503 100
KOR 48.1 1988 1111 0
KOR 48.1 1989 1615 1614 100
KOR 481 1990 4040 4040 100
KOR 481 1991 1211 1211 100
KOR 481 1992 519 519 100
KOR 482 1987 24 24 100
KOR 482 1988 44 0
KOR 482 1989 164 164 100
POL 48.1 1988 55 55 100
POL 48.1 1989 1823 1337 73
POL 481 1991 310 310 100
POL 481 1992 641 642 100
POL 482 1988 3059 3059 100
POL 482 1989 2732 2730 100
POL 482 1991 6020 6020 100
POL 482 1992 2742 2741 100
POL 48.3 1988 2101 2100 100
POL 483 1989 2442 2442 100
POL 483 1990 1275 1275 100
POL 483 1991 3241 3241 100
POL 483 1992 5224 5226 100




Table 1 (continued)

Nationality Subarea/ Year STATLANT Fine-scale %
Division Catch Catch
RUS 48.1 1992 8925 0
RUS 482 1992 100475 0
RUS 48.3 1992 42 295 0
SUN 48.1 1989 20875 20875 100
SUN 48.1 1991 4721 4721 100
SUN 482 1987 9731 9731 100
SUN 482 1988 890888 89888 100
SUN 482 1989 76494 76 4% 100
SUN 482 1990 220517 220517 100
SUN 482 1991 159313 159313 100
SUN 48.3 1988 188 391 189432 100
SUN 48.3 1989 203912 203912 100
SUN 48.3 1990 79698 79698 100
SUN 48.3 1991 110715 110715 100
SUN 486 1988 104 104 100
SUN 584.1 1990 1503 1503 100
SUN 584.2 1988 6490 6490 100
UKR 481 1992 636 636 100
UKR 482 1992 19697 19064 97
UKR 48.3 1992 41386 40 465 9%




Table2: Summary of historic Soviet/Russian krill datain Statistical Area48.

[Total = tonnes caught as reported on STATLANT forms; fine = percent of catch reported as fine-

scale data]
Y ear 48.? 48.1 482 483 484 485 48.6
1974 total 19139
fine 0
1975 total 41352
fine 0
1976 total 609
fine 0
1977 total 68 301
fine 0
1978 total 78 837
fine 0
1979 total 266 386
fine 0
1980 total 49439 173539 133774
fine 0 0 0
1981 total 89108 60540 135252 217
fine 0 0 0 0
1982 total 64 045 257 269 46 868
fine 0 0 0
1983 total 39 116 497 11480 735
fine 0 0 0 0
1984 total 53881 8440
fine 0 0
1985 total 101520 45335
fine 0 0
1986 total 224744 141 9%4
fine 0 0
1987 total 319 9731 254 480
fine 0 100 0
1988 total 893888 188 391
fine 100 101
1989 total 20875 76 494 203912
fine 100 100 100
1990 total 220517 79 698
fine 100 100
1991 total 4721 159313 110715
fine 100 100 100
1992 total 8925 100475 42 295 30
fine 0 0 0 0

Data sources for potential fine-scale reporting:

197410 1977: summary reports, located at VNIRO and AtlantNIRO
197810 1983: 15-day reports, located at VNIRO, AtlantNIRO, and Y ugNIRO
1984 t0 1992: magnetic tape, located at VNIRO




Table3: Estimates of flow in Statistical Area48.

Subarea Location Speed Direction Reference
(cm/s)

481 Deep 55-109 East SC-CAMLR-XI, Annex 4, Table 1
Deep 34-51 East SC-CAMLR-XI, Annex 4, Table 1
Deep 30.0-40.0 East SC-CAMLR-X, Annex 5, Table 1

Deep 12.8-16.0 East WG-KTill-93/38
Coastal 08-16 East C-CAMLR-XI, Annex 4, Table 1
Coastal 190 East C-CAMLR-X, Annex 5, Table 1
Coastal 5.0-100 East SC-CAMLR-X, Annex 5, Table 1

Coastal 37 West WGKTrill-93/38
Bransfield Strait 26.0-64.0 East SC-CAMLR-X, Annex 5, Table1

Bransfield Strait 199 East WG-KTill-93/38
482 Deep 58-125 East SC-CAMLR-XI1, Annex 4, Table 1
Coastal 0.8 East C-CAMLR-XI, Annex 4, Table 1
48.3 Deep 19-25 East SC-CAMLR-XI, Annex 4, Table 1
Deep 47-58 East SC-CAMLR-XI, Annex 4, Table 1
Deep 0.2 West SC-CAMLR-XI, Annex 4, Table 1

Deep 16.0 East WG-KTill-93/38

Deep 43-49 WGKrill-93/35

Coastal 42 WGKTrill-93/30

Coastal 10.0 WG-CEMP-92/32

Deep = surface currents over deep water (open ocean)
Coastal = surface currents over the shelf




Table 4: Results of the recal culation of krill biomass from the FIBEX cruises.

rA (gnTZ) Area Coefficient Biomass
(‘000 km?) of Variation (thousand
tonnes)

Detailsfor
Subarea48.1
Professor Sedlecki
(Bransfield) 219 201 377 638
Professor Sedlecki (Drake) 15 160.1 311 240
Itzumi (Bransfield) 159.6 265 19.7 4229
Itzumi (E Drake) 66.9 83 65.0 555
Itzumi (W Drake) 919 47 431 432
Walther Herwig (SW) 942 894 380 8420
Detailsfor
Subarea 48.2
Odissey (ScotiaA) 89.3 68.3 201 6103
Odissey (ScotiaB) 16.8 333 75 558
Eduardo L. Holmberg 82.8 838 349 6937
Walther Herwig (E) 356 56.5 40.1 2009
Combined results
Area4l
Walther Herwig (NW) 489 75 29.6 3658
Subarea 48.1 (excluding

Professor Siedlecki) 105.8 1289 240 13636
Subarea 48.2 64.5 241.9 181 15 606
Subarea48.3 59.7 253 380 1510
Subarea 48.1+2+3 14.3 30752
Subarea 48.6
Agulhas 80 576 230 4608
Divison58.4.2
Nella Dan + Marion Dufresne
+Kaiyo Maru 23 1711 320 393




Table5: Re-calculation of the percentages used for alocation of a precautionary catch limit for krill in

Statistical Area48 among the various subareas.

FIBEX Estimate Historical Catch Average of
1980-1992 Columns 1 and 2
plus 5%

Krill-predator interactions considered? N N N
Data availability? Y Y Y
Provisional allocations:

Antarctic Peninsula 48.1 39% 19% 34%

South Orkney Islands 48.2 44% 44% 49%

South Georgia 48.3 4% 37% 26%

S. Sandwich Islands 48.4 <0.01% 5%

Weddell Sea 48.5 <0.01% 5%

Bouvet Island region 48.6 13% 0.02% 12%




Table6:

Datarequirements. Thistableliststhe requests of wG-Krill-92, and adds additional requests of the Fifth Meeting of the Working Group.

Data Requested by WG-Krill-92

Data/Work Submitted

Data Requested by WG-Krill-93

Examination of the precision of estimates
of krill length/weight relationships

Demograhic data, especially as parameters
for the yield model

Influence of hydrography on krill
distribution

Length frequency data submission

Haul-by-haul data

Finer scale data submission

Number and capacity of fishing vessels

Estimates of biomass for ISRs

Monthly catch reporting

Data on amount and viability of krill passing
through a net

New dataon krill flux

Historical fine-scale catches

Secretariat requested to contact FAO
concerning catchesin Statistical Area4l
Minimum data requirements from acoustic
surveysrequired (SC-CAMLR-XI, Annex 4,
Appendix H)

Not done

WG-Krill-93/40, 44

WGKTill-93/22, 26, 28, 30, 33, 39

Length frequency datafrom Chile
and Japanese fishery

Chileonly

Japanese 10 nm x 10 nm data
reporting

Calculated at Workings Groups
1992 and 1993

Proceeding
1993/94

(see above)

Information provided by Russia
(paragraphs 3.16 to 3.21)

Done

Partial compliance

Continued requirement

Continued requirement (Appendix E)

Continued requirement for Workshop (paragraph 4.10 and Appendix D), and
continued submission to the Bibliography requested (paragraph 7.11)

Now established; continuing

Continued requirement

Now established; continued requirement

Continued requirement

Now established

Validation of assumptions of WG-Krill-93/34 recommended and validation of code
by Secretariat requested (paragraphs 3.36 and 3.38)

Progress on submission of historical fine-scale data encouraged (paragraph 3.20)

Continued requirement

Net haul density data shoud be submitted for calculation of DR (Appendix E)




Table7:

Future work requirements. Thistable lists the requests of WG-Krill-92, and adds additional requests of the Fifth Meeting of the Working Group.

Work Requested by WG-Krill-92

Data’lWork Submitted

Future Work Requested by WG-Krill-93

Operational definitions of Articlell

Further analysis of net haul and acoustic
datafor FIBEX

Models of functional relationships between
krill, predators, and fishery

Validation of potential yield model

Estimation of S;and correlation of M and
growth rate

Examination of effect of physical condition
and orientation on krill target strength

Survey designs

Analysis of fine-scale fisheries data

Further consideration of the Observers
Manual

Evaluate Composite CPUE I ndex

No progress
WG-Krill-93/20, 31, Table 4

WG-Krill-93/43

Done
WG-Krill-93/12, 13

WG-Krill-93/6, 21, 24

WG-Krill-93/5

WG-Krill-93/7, 10, 11

No comments

Paragraph 3.39

Continued requirement

Refinement of parameters and model of functional relationships (paragraph 5.17)

Further validation of R'M model and input parameters (Appendix E)

Further work, especially on upward-looking and multi-frequency transducers
encouraged (paragraphs 4.17 and 4.20)

An ad hoc group will correspond (organised by D. Miller) in the intersessional
period to investigate the problems of survey design and sampling regimes for krill
data (B, DR) required by WG-Krill (paragraphs 4.44 to 4.48)

Further detailed quantitative analysis of overlap of predators and fishery inall CCAMLR
areas requested of the Secretariat (paragraph 5.10)

Awaiting usein field

Methods of estimating search time for use in the Composite CPUE Index should be
investigated (paragraph 5.31)

The Composite Index should be used in conjunction with size/maturity state information
to infer within-season krill movement.




Table 7 (continued)

Work Requested by WG-Krill-92

Data/Work Submitted

Future work Requested by WG-Krill-93

Liaison between fishermen, biologists and
managers

Investigations of the scale and frequency
of surveys applicable to feedback
management approaches

Consideration of a near-synoptic survey
of Statistical Area48

Subdivision of results from existing
surveys in line with WG-Krill-92
(SC-CAMLR-XI, Annex 4, Appendix D)

Claification of noise margins and thresholds
for Prydz Bay surveys

Modelling to evaluate feedback control
management options and spatial effects
related to localised predator aggregations

Completion of precautionary catch limit
allocation table

None

None

Paragraphs 4.41 to 4.48

Done at Working Group
(Table5)

Continued requirement.

Continued requirement

(above)

Continued requirement

Continued requirement for reporting at the next meeting of WG-Krill

Continued requirement

Evaluate the statistical performance and cost-effectiveness of possible harvesting
regimes (paragraph 5.45)

A workshop on krill flux should be held in 1994 (paragraph 4.10)
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Figure 1: Average krill biomass density during January to March in the vicinity of

Elephant Island appears to be variable and may reflect the effects of variations in
year class strength according to Loeb and Siegel (1993).
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APPENDIX D

TERMS OF REFERENCE FOR THE WORK SHOP
ON EVALUATING KRILL FLUX FACTORS

The Terms of Reference for the Workshop on Evauating Krill Hux Factors are as follows.

()  Determine the transport of water masses across boundaries of selected areas of ocean
in terms of velocity profiles normd to the boundaries, integrated over the depth range
0to 200 m.

(i) Determinekrill density along each of the selected boundaries.

(i) Udng information from (i) and (ii), caculate the passve krill fluxes across the
boundaries.

(iv) Determine the mean retention time of particlesin sdected smdl aress.

(v)  Propose methods for further studies on the question of krill fluxes.

CONCEPTUAL FRAMEWORK

2. A sdlected area consists of a dice of water 200 m deep.

velocity profile
9\‘

—~7
krill density profile
—— ] 200m
A \
boundary face
of area A

For each boundary face a norma velocity profile needs to be caculated, integrated over the depth
range 0 to 200 m. The convention will be: postive valuesinto area, negative vaues - outwards. The
veocity profile should idedly be given as an average vaue for each nautica mile of boundary.



3. A krill dengity profile for each boundary face should aso be caculated, integrated over the
same depth range, and at the same one nauticd mile boundary resolution. If possible, these should
be calculated for various times of the year.

4, The krill flux across each boundary is the product of the two profiles. It is not necessary or
expected that the net inward krill flux is equd to the net outward krill flux over the time-scde of
interest.

5. To invedtigate interannua varigbility in krill flux, both veocity and krill density profiles should
be calculated for as many years as possible.

6. The subareas for which these calculations are to be carried out are 48.1, 48.2 and 48.3, and
the smaler areas defined in Figure D.1. Veocity and krill dendty profiles are required dong the
boundaries for January to March in Subareas 48.1 and 48.2, and January to April, June and August
in Subarea 48.3.

Veocity and krill dendty profiles and mean retention times are required for each 0.5° latitude
1° longitude rectangle in the hatched aress, for the same months as the subarea of which they form
part.

7. Mean retention times of particles in the smdl areas desgnated in Figure D.1 should be
cadculated for asmany years as possible.

Regiond Definitions

Subarea 48.3 bounded by 50°S, 57°S, 30°W, 50°W

Subarea 48.2 bounded by 57°S, 64°S, 30°W, 50°W

Subarea 48.1 bounded by 60°S, 65°S and the northwest coast of the Antarctic Peninsula,
50°W, 70°W

Region A bounded by 52°S, 57°S, 30°W, 46°W

Region B coversthe whole of Subarea 48.2

Region C bounded by 60°S, 64°S, 50°W, 70°W excluding the area northwest of a line
between 62°S, 70°W; 62°S, 66°W; 61°S, 66°W; 61°S, 63°W; 60°S, 63°W.



Sauth Waest Atlantie Ocean

su'. I 5ul
[ |
1
|
1 |
I I
43,
i 4.6
|
Sﬂ'id'lulc'l-ll.
1
1
1
| BO*
1
[ |
|
I
|
-4
1
1
L]
1
| |
1
]
1
1
]
[ ]
1
1 Ta*
1
Waddall S&a :
i
'ﬂ?ﬁ:;— + l B Mok
?3'5';1:-;?& e e mmm e S masmm 1
BO" W o 60" 50 40" ag* 20

Figure D.1:  Atlantic Antarctic area showing regions where velocity and krill density profiles
are to be calculated.



APPENDIX E

YET FURTHER REFINEMENTSOF THE CALCULATION OF THE FACTORQ
RELATING KRILL YIELD TO SURVEY BIOMASSESTIMATES

1. Updated Estimatesfor M and s,

Attempts will be made to obtain further datasets for krill trawl surveys to which the
caculation nethods developed in WG-Krill-93/12 can be applied. It was noted that the BIOMASS
datasets had already been exhausted in this regard. The properties of each dataset to which the
analysisis gpplied will be documented carefully, so that any censoring which may be necessary at the
next wG-Krill meeting prior to the combination of results for different datasets, can be carried out on
the basis of objectively pre-defined criteria. [Respongbility: D. Agnew]

Cdculations will be carried out for any additional datasets obtained, and attempts will be
made to investigate the quantitative consequences of any bias arigng from net sdlectivity effects.
[Respongbility: W. delaMare]

2. Updated Estimates for Iy and Im

Length frequency datasets from various nationd fisheries will be examined to obtan
estimates of the parameters of the sdlectivity functions for each. Andyses of maturity data will be
examined in the same way to provide estimates of the parameters of the maturity function.
[Responghility: D. Agnew]

Modd caculations will be repesied for the revised estimates.  [Responghility:
D. Butterworth]

3. Sex Differentiation

To dlow for deliberate avoidance of gravid femaes by the fishery, the modd will be
sex-disaggregated. During the months of summer fishing (December to February), 20% by number
of mature femaes present a the sart of December will remain unavailable to the fishery. Whilein
standard caculations, spawning biomass will be calculated in terms of the maturity vs length function



for femdes, in this case results will be reported separatdy for maes and femaes, taking account of
the difference in maturity-at-length functions for the two sexes. [Responsbility: D. Butterworth]

4, Age Dependence of M

Caculations will be repeated under the assumption that M for ages 0, 1 and 2 is double that
for older ages. (This does not require modifications of the methods developed in WG-Kiill-93/13.)
[Respongihility: D. Butterworth, W. delaMare]

5. Growth Rate - Natura Mortality Correlation

A number (10 to 20) of species - preferably ones closdy reated to krill -for which both M
and the von Bertaanffy growth rate parameter k are reasonably well determined will be selected to
dlow esimation of the digribution of the k/M ratio. This gpproach will be used, given estimates of
M provided under 1 above, to generate associated vaues for the von Bertdanffy growth parameter
b usedinthekrill modd. [Responghility: M. Basson, D. Butterworth]

6. Vadidation

The dgebra and associated computer code for the methods developed in wWG-Krill-93/12 and
13 will be checked. The methods will dso be tested by application to a few smulated datasets.
[Responghility: D. Agnew, K. Hiramatsu)
7. Miscellaneous Aspects and Tests

Reaultsfor different g vaues for the new estimation technique [1 above] for whichM and s
are correlated, are to be compared with those from the existing method based on uncorrelated

vaues generated from uniform digtributions. [Respongbility: W. delaMare]

Unless specificdly necessary, dl caculations need be carried out for the summer (December
to February) fishing season option only.

All parties contributing to work on these further refinements are to report on progress in
February 1994. [Responghility: All]



All the computer programs required for these caculations are to be prepared so that they
may be run for updated estimates during the 1994 meeting of the Working Group. [Responghbility:
D. Agnew, D. Butterworth, W. delaMare]

The code for the computer programs will be cleared of extraneous comments, and
gopropriately documented, after the 1994 meeting. [Respongbility: D. Agnew]
Adjunct

The following data are required to caculate krill length densty didribution for determining
recruitment proportions.

1. Survey design [dtation ligt, haul type (oblique, horizontd, etc.), time of day].
2. Gear type, mesh Size, €tc.

3a Krill dengty in each haul by 2mm length dass (hauls with no krill must be included in the
data).

3b.  Thedataneeded to caculate the density:

. time the net was fishing, flow meter readings, OR volume filtered,

. mouth area of net;

. total weight of krill in the haul; and

. length frequency didribution of a sample and the weaght of the length frequency
sample, oRtotal numbers a length in the haul.



APPENDIX F

INTERNATIONAL GLOBAL OCEAN ECOSYSTEM DYNAMICS
(GLOBEC.INT) PROGRAM

GLOBEC.INT Scientific Steering Committee will set up the following Working Groups (WG):

()  waon Population Dynamics and Physical Vaiability (Dr D.H. Cushing, Chair);
@)  waon Sampling and Observation Systems (Prof. T. Dickey, Chair);
@)  waon Numericd Moddling (Prof. A. Robinson, Chair);
(iv) wGon PRUDENCE (dedling with old data);
(v)  wafor GLOBEC- Southern Ocean Program (Prof. J.-O. Strémberg, Chair);
() wafor iIcesGLOBEC Cod and Climate Program (Dr K. Brander, Chair); and
(vii)) wa for PCESGLOBEC Subarctic Pacific Program (Dr D. Ware, Chair).
2. The matters to be conddered by Southern Ocean GLOBEC with regard to zooplankton
(incuding krill) are:
. zooplankton overwintering strategies,
. seasond and geographicd variations in the digribution of Southern Ocean key
zooplankton species, especidly in rdation to the physics of the environment;
. factors affecting successful reproduction;
. factorsrdating to larva surviva and recruitment to the adult population;
. the digtribution of Southern Ocean zooplankton in relation to the distribution of food
biomass and reproduction;
and for predators:

effects of variability in the physica and biologicd environmerts on predator population
dynamics

the role of ice in affecting foraging performance, reproductive success and surviva of
top predators,

krill variability and its dlocation between severa top predator species,

the effect of predator foraging activities on dtering the digtribution and abundance of
krill; and

the nature of the functiond relaionships between krill availability and performance and
survivd of its predators.



