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REPORT OF THE SIXTH MEETING
OF THE WORKING GROUP ON KRILL
(Cape Town, South Africa, 25 July to 3 August 1994)

INTRODUCTION

1.1  The Sxth Mesting of the Working Group on Krill (wGKrill) was held a the Breskwater
Lodge, Cape Town, South Africa, from 25 July to 3 August 1994. The meeting was chaired by the
Convener, Mr D.G.M. Miller (South Africa).

1.2  TheWorking Group was welcomed to Cape Town by Mr G. de Villiers, the Director of Sea
Fisheries Adminigration in South Africa

REVIEW OF THE MEETING OBJECTIVES
AND ADOPTION OF THE AGENDA

2.1  The Convener briefly outlined the major objectives of the meeting which had been set out in
detall and circulated prior to the meeting in SC CIRC 94/6.

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

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

24  The report was prepared by Drs D. Agnew (Secretariat) and M. Basson (UK),
Prof. D. Butterworth (South Africa), Drs W. de la Mare (Augtrdia), |. Everson (UK), R. Hewitt
(usa), E. Murphy (Invited Expert), S. Nicol (Augtrdia) and J. Watkins (UK).



REVIEW OF FISHERIESACTIVITIES
Fisheries Information
Data Submisson

3.1 An andyss by the Secretariat of fine-scale krill catch data from the 1992/93 season
(waKrill-94/6) reveded that some Polish catches were made to the north of the Convention Areaiin

Divison41.3.2. The proportion of the total catch from outside the Convention Area was, however,
adl:

Subarea/ 1992/93 Total Catch %
Division (tonnes)

4132 2506 28
481 37716 425
482 12670 14.3
48.3 30040 338
484 50 0.06
48.6 33 0.04
584.1 5762 6.5

Paper wGKiill-94/6 dso included maps of fine-scale catches taken from Division 58.4.1 in 1992/93.

3.2 A full s of fine-scale krill catch data from 1974 to 1994 and krill catch data on a scale of
10 x 10 n miles from 1992/93 has now been supplied to the Secretariat by Japan. The Working
Group noted this submission and acknowledged the utility of this data set.

3.3 A sample of commercia krill catch data from 1978 from the former Soviet Union was
presented in WGKrill-94/10.  Only YugNIRO (Ukraine) has historic catch data from Subarea 58.4
(from 1978 to 1984 and 1988). The high cost of preparing the data precluded the submission of a
complete data set. The Working Group urged Members with available resources to aid with the
andyss of fisheries data from the former Soviet Union (Russa and Ukraine) and recdled the
initigtive by the US to obtain funds to assst with these analyses (SC-CAMLR-XI11, Annex 4, paragraph
3.20).

3.4  The Working Group noted that monthly catch deta are being submitted in accordance with
Consarvation Measure 32/X. Data have arrived from Japan, Poland and Ukraine. In addition, Chile
haes submitted a full set of haul-by-haul data



Presentation of Databy CCAMLR

3.5 The ccAMLR Secretariat had reported to Members in January on krill catch leves and will
continue to do so every Sx months.

3.6  The Working Group recommended that the Statistical Bulletin include detalls of effort on
the same temporal and spatia scales as catch data and noted that the Secretariat was preparing a
paper on this subject for the Scientific Committee.

1993/94 Catches

3.7  Japan has submitted monthly reports from July 1993 to June 1994 which give a tota krill
catch for this period of 62 315 tonnes. Poland fished from July to June and reported atota catch of
7 915 tonnes; Ukraine fished from March to May and reported a catch of 8 205 tonnes. Chile
fished in Subarea48.1 during March and April and reported a catch of 3 834 tonnes. There was no
indication that Russia fished for krill in the Convention Area during 1993/94. The totd reported krill
catch for 1993/94 was 82 269 tonnes.

3.8  The Jgpanese 1993/H4 fishery deployed six vessds and the catch was mainly taken in
Subareas 48.1 and 48.3. In the summer, the catch came mainly from Subarea 48.1 and later in the
season from Subarea 48.3. The Japanese catch was taken between January and May, and followed
the general trend towards a later- season fishery in Subarea 48.1 over recent years.

3.9  One thousand tonnes of the Japanese catch was taken off Wilkes Land (Divison 58.4.1) by
onevesse. Thisvessd usudly fishes for other species near New Zedland and targets krill stocksin
Divison 58.4.1 because of their operationd proximity.

3.10 The Polish catch for 1991/92 and 1992/93 was reported by subarea in WGKrill-94/9
athough this paper gives no indication of catches which were reported to have been taken outsde
the Convention Area WGKiill-94/6). The Working Group seeks clarification from Poland on this
omisson.

3.11 Ukraine reported that from March to July 1994 two vessdls landed a tota catch of
9 618 tonnes in Subareas 48.2 and 48.3 (WGKrill-94/33). This fishery will continue until August
1994 and further results will be submitted to CCAMLR as soon asthey are available.



Reports of Observers

By-catch of Young Fish

3.12 The incidentd cach of fish in the Jgpanese commercid krill catch in summer 1994 from
Subarea 48.1 was reported in WGKrill-94/25. A totd of 77 specimens of 13 species were
documented from 25 trawl catches. Thisleve of by-catch isan order of magnitude less than the by-
catch reported by Ukraine last year (WGFSA-93/8).

313 Fish gopeared more rardy in hauls from high dengty krill swams, those targeted
preferentidly by the fishery. There were, however, only two samples where there were relatively
high fish catches, so the data were suggestive rather than conclusive on this point.

3.14 The Working Group welcomed this data set on by-catch and considered the results very
useful. The absence of Champsocephalus gunnari in the catches was noted despite its prevaence
in the area. The Working Group encouraged other fishing nations to obtain comparable data sets
from different areas and seasons and noted that some data may become available from Ukrainian,
Polish and possibly Russian observers.

3.15 However, the method reported in WG-Krill-94/25 only used a subsample of 25 kg of the
caich. The methodology for andysing the commercid krill catch for fish by-catch given in the
ientific Observers Manual recommends that standard samples of 40 to 50 kg of krill be taken
from al sampled hauls. The Working Group therefore recommended that the standard method in
the Scientific Observers Manual be followed in future studies.

Length Frequency and Haul-by-haul Data

3.16 A dudy of the length frequency of krill sampled from the Japanese commercid caich in 1993
(waKrill-94/28) failed to note a change as the fishing season progressed, dthough in most seasons
there has usudly been a shift to smdler krill later in the season. Body lengths of krill from this area
(Subarea 48.1) are generaly gresater further offshore.

3.17 The same study (WGKrill-94/28) found that the Japanese fishing fleet operating off the South
Shetlands moved from offshore in January closer to shore in April. Catch/tow and catch/trawling
time in the same area both increased to mid-summer then declined again.



3.18 The Working Group encouraged the continued submission of length frequency and haul-by-
haul information. These data are useful for assessing the overlap between the predators and the
fishery and length a sdlection to the fishery.

Fishing Escapement Loss/Mortality

3.19 The Working Group noted that the Secretariat has not been sent, for validation purposes,
the modd of krill escapement from wGKrill-93/34. The Working Group repeated the request for the
submisson of the mode for vaidation.

3.20 The Working Group noted that there were two aspects to the study of escapement of krill
from commercid trawls - experimentd sudies and modelling exercises. The Working Group,
recognisng the potentia seriousness of escagpement, encouraged the development of both
approaches.

Development of cPUE Indices

3.21 Paper wG-Krill-94/14 presented an attempt to derive a composite index (SC-CAMLR-VII) of
krill abundance usng a combination of acoudtic and fisheries data collected off Elephant 1dand.
Three points arose from the study:

» the large changes in aundance and didribution of krill observed between the four
aocoudtic surveysin this sudy have implications for future near- synoptic surveys,

o the frequency digributions of catch-per-fishing-time and krill densty (measured
acoudticdly) showed smilar forms, dthough it was noted that the norrrandom
movement of the fishing vessdl may obscure this comparison; and

e search time could not be used to estimate other aspects of krill distribution because
fishing operations were limited by processing efficiency rather than by availability of krill.

3.22 The Working Group noted that conclusions on search time from one area may not be
generdised for other areas.  For example, the composite index, including search time, was
developed for the fishery off Wilkes Land (Divison 58.4.1) and therefore may not be applicable to
other areas such as the Peninsula (Subarea 48.1).



3.23  Asthe krill fishery develops, krill availability may change and search time may become a
useful index. Feedback management will require some estimate of krill abundance. Acoudtic
surveys are too costly to be caried out frequently enough to regularly assess abundance for
management purposes, S0 it IS necessary to investigate other options for assessing availability of krill
to the fishery through an index such as search time.

3.24 The Working Group noted that it had not received any information on whether it is practica
to collect search time information from fishing vessdls using techniques such as gathering information
on ships activities a random intervas (SC-CAMLR-XII, Annex 4, paragraph 5.31). The Working
Group encouraged the development of a pilot study on the collection of such data, possbly on the
fishery off Wilkes Land (Divison 58.4.1) (see paragraph 3.30).

3.25 DrT. Ichii (Jgpan) reported that he had examined the collection of search time information
on a Jpanese commercid fishing vessd off Wilkes Land. He drew smilar conclusions to those
meade in respect of fishing off the Peninsula - i.e., search time was difficult to measure directly.

Scientific Observers Manual

3.26 There were no reports of the Scientific Observers Manual having been used.

3.27 TheWorking Group examined the list of research activities concerning krill outlined on pages
5 and 6 of the Scientific Observers Manual and conddered that the activities listed under 4,
‘Fishery for Euphausia superba’, could be split into those which involved genera observations of
fishing operations (items (i), (ii) and (vii)) and those which involved specific tasks usng samples from
the commercid catch (items (iii), (iv), (vi) and (v)). The Working Group agreed that the |atter tasks
could be prioritised in the order specified above.

3.28 There appeared to be some contradiction between the priorities for observers activities
listed on pages 5 and 6 and those specified on page 7 of the manua. The Working Group sought
direction from the Scientific Committee as to whether the listing on page 7 was in some form of
priority order, and if not, whether the Scientific Committee might want to prioritise these activities.

3.29 Scentigts with experience of fisheries activities reported that the workload suggested in the
manual was very great and that observers would have to be sdective in the tasks that they
performed. It was suggested that a time management report from experienced observers might aid
in the interpretation of the results from observations and would assist in the use of the manual.



3.30 It was further suggested that information on the ship’s activities should be collected by the
observer a 20 randomly sdlected intervals. A list of standard activities carried out on board ship
could be assembled for the observer to record agangt each time intervd, including:  fishing,
processing, hove to, trans shipping, relocating and searching. An example of a timesheet for
collection of random samples over amonth is attached (Table 1).

3.31 TheWorking Group urged Members to assess whether the measurements suggested for krill
in the manua were appropriate and to report to future meetings of the Working Group any
suggested changes, particularly in the light of any new prioritisation established by the Scientific
Committee.

Future Plans
3.32 Sdentigs from the fishing nations present (Japan, Ukraine and Chile) reported that their
nations fishing plans for 1994/95 were amilar in magnitude, season and area to the 1993/94 season.

The Jgpanese fishery will continue a the same level due to limited market demand.

3.33  An Audrdian company is gill interested in fishing for krill with one to four ships catching up
to 80 000 tonnes, but it is uncertain whether this venture will proceed in the next yesar.

3.34 Thereis dill no further information on Indid s interest in entering the krill fishery, which was
reported at last year’s meeting (SC-CAMLR-XI1, Annex 3, paragraph 3.12), and the Working Group
expressed interest in knowing India's plans.
3.35 Members expressed continuing interest in knowing the future plans of nations, particularly
with regard to potentid catch levels and aress.
ESTIMATION OF KRILL YIELD
Egtimation of Krill Biomass

Krill Hux in Statistical Area 48 and Other Areas
4.1  Dr de la Mare presented the report of the Workshop on Evauating Krill Flux Factors

(Appendix D) held at the Sea Fisheries Research Indtitute, Cape Town, South Africa, from the 21 to
23 July 1994.



4.2  Although much of the data required for the workshop were available prior to the meeting,
this data did not have sufficiently wide coverage to cdculae dl the fluxes set out in the terms of
reference.  Consequently, the workshop needed to identify areas for which it could carry out
cdculations. The computations required more time than anticipated. Therefore, the workshop
report covers the calculations carried out but does not go into detail about their interpretation.

4.3  The oceanographic data provided to the workshop included CcTD data from Mr M. Stein
(Invited Expert) and Dr M. Naganobu (Japan) which were used to caculate geostrophic current
velocities. Dr Murphy provided a set of current vectors based on the average vaues over the top
250 m for a gngle instant of time from the FRAM (Fine Resolution Antarctic Model, 10S, NERC, UK).
Further limited data sets on buoy and iceberg tracks and local surface currents were also available.

4.4  Thekrill data used were from the FIBEX, SIBEX 1 and SIBEX 2 surveys. Dr Agnew provided
interpolation software to alow the oceanographic and acoustic data to be combined.

45  Afterinitid condderation of the problem in the workshop, it became clear that the calculation
of fluxes over the cCAMLR subareas would not be possble or particularly useful. A number of smadll
boxes were defined within the subareas, based on such criteria as data coverage, natural boundaries
of oceanographic features and krill distribution. Krill and water fluxes were caculated across the
boundaries of these boxes, dlowing water and krill residence times to be estimated. Integrated
values over areas covering a number of contiguous boxes were also generated.

4.6  Theandyses provide arange of vaues which can be used to examine krill flux in reation to
fishery and predator requirementsin particular regions.

4.7 Thereisalack of good qudity acoustic and oceanographic data collected smultaneoudy
over the same areas, and the geographica coverage of the data is generdly poor. Furthermore, the
data used for the complex caculations of krill flux were origindly collected for other purposes.

4.8  The caculations were based on the assumption that krill are passive tracers in the water
dream. The caculaions were made by multiplying the current profile dong a boundary by the krill
dengty profile dong the same boundary. Resdence times (as defined in Appendix D) for krill
greater than those for water would suggest thet krill are actively maintaining their postion (i.e., not
passive tracers). Although comparable resdence times for krill and water would not necessarily
demondtrate that krill can be consdered as passive tracers, comparability over arange of geographic
scales would suggest that krill are behaving as passive tracers.



4.9  The reaults from the workshop tended to show comparable residence times for water and
krill over a range of geographic scdes, implying that krill may be behaving as passve tracers.
However, care must be taken in interpretation of the data, as the main water flows may be separated
from areas of high krill dendties. This may be a particular problem in shelf and idand regions.

4.10 Dr Naganobu noted that there may be consderable aggregations of krill close to the sea
bottom on the dope to the north of the South Shetland Idands, a supposition based on severd
reports in the literature (WG-Krill-93/15).  Kirill rise to the surface during summer, indicating a
‘seasond verticd flux'. This would suggest that not only horizontd, but dso vertica migraion may
condtitute an important factor in the movement and concentration of krill. Consequently, more data
on verticd flux should be collected.

4.11 Nonethdess, the results from the workshop do indicate that the horizontd transport of krill is
an important factor in the overdl stock digtribution, and aspects of krill flux do need to be
congdered in the development of management procedures and in the advice given.

4.12 Theimpact of these results on the current views of the potentid yield from the fishery needs
to be assessed, and consideration needs to be given to whether the current catch limits require
revision (see paragraph 5.2).

4.13 The development of further analyticd methods was discussed. Mr Stein indicated that there
were other CTD data that should be used, and incluson of the wind-fidld and Ekman drift effects
could be investigated. Mr Stein indicated that he would attempt to prepare a paper on this for the
next meeting. Dr Murphy said that a second FRAM data set was available which was the mean of
the last Sx years of the mode run. This data set might more redigticdly take account of the fine-
scale eddy field. This data set could be provided to CCAMLR to repeet the caculations carried out in
the workshop.

4.14 The differences between the FRAM model output and geostrophic flows result from a range
of effects such as the lack of wind-induced surface currents in the geostrophic andyses, the
topographic resolution of the FRAM data and the variability evident in the CTD-based estimates.

4.15 There are ds0 a number of other oceanographic data sets on which the Working Group
would encourage further submissions. In particular, there is a large body of drifter and buoy data,
manly Us data (e.g., FGGE datd), which would be useful. Analyses of the data to determine regions
of rgpid water trangport with little eddy activity and areas of high eddy activity and drifter retention
would be extremdy useful.



4.16 Dr E. Hofmann (UsA) suggested that a suite of models should be developed. At one end of
the scae are the detalled regiond circulation models coupling biology and oceanography. These
more complex models can be developed dongsde less complex, more management orientated

approaches. In this way questions can be asked at a range of levelsto investigate particular aspects
of the more complex models, and their outputs can be used as inputs to management. As an

example of the type of coupled models that could be developed, reference was made to Capella et
al. (1992)1 and Hofmann et al. (1992)2.

4.17 The Working Group conddered that restricted regiond surveys, including direct current
measurements, were needed in key areas, such as shelf and shef-bresk regions, where the
oceanographic regimeis not well described by geostrophic caculations.

4.18 The Working Group agreed that restricted spatia scale repeat surveys of particular regions,
of the AMLR or LTER type, which include both oceanography and biology, were particularly useful.

4.19 The Working Group noted the dgtinction between more applied and more basic research
guestions. The development of large-scale coupled biologica- oceanographic circulation models was
conddered to be an important area of longer term research which the Working Group should
monitor.

4.20 The flux anadyses carried out indicate that smadl-scde isolated surveys are likely to give a
mideading index of krill availability to restricted predator colonies. Near-synoptic surveyswere ill
conddered to have advantages for calculating catch leves, but large-scale flux patterns need to be
congdered in their design.

New Work on Acoustic Methods

4.21 Three papers were tabled dedling with aspects of krill target strength (Ts) eimation, WG
Krill-94/12, 13 and 35.

422 Paper WGKrill-94/13 reported measurements of zooplankton TS obtained a different
frequencies. Two theoretical models were examined, a high-pass bent-cylinder modd that indicated
TS was dependent on anima volume and aray bent-cylinder modd in which Ts is dependent on the

1 cCapella, JE., L.B. Quetin, E. Hofmann and R.M. Ross. 1992. Models of the early life history of Euphausia
superba - Part 1. Lagrangian calculations. Deep-Sea Research, 39 (7/8): 1201-1220.

2 Hofmann, E.E., JE. Capella, RM. Ross and L.B. Quetin. 1992. Models of the early life history of Euphausia
superba - Part I. Time and temperature dependence during the descent-ascent cycle. Deep-Sea Research, 39
(7/8): 1177-1200.
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cross sectiond area. Neither of these models incorporates orientation which is a confounding factor
of sufficient complexity that while both models provide descriptions of the observed effects, neither
provides a comprehensive explanation. The authors concluded that linear regressons of TS on the
log of animd length or weight can be mideading.

4.23 The Working Group agreed that approaches usng more than one frequency provided a
more redistic gpproach to target identification. This had been examined in WGKrill-94/12, where
theoretica estimates of target strength were used in conjunction with fidd sampling to determine
whether it was possble to diginguish between sdps and krill.  Although having smilar acoustic
properties, these two scatterers could be distinguished with reasonable success by the technique.

4.24 Paper WGKrill-94/35, previoudy published in the Journal of the Marine Acoustics Society
of Japan, discussed the conditions that are necessary for precise measurement of in Situ TS. It was
concluded that the conditions for detection of individud targets were unlikdly to be met by numerica
dengties of krill greater than about one per resolution volume.

Review of Issues on Survey Design

4.25 Four papers, WGKrill-94/14, 18, 20, 27, and the report of the Subgroup on Survey Design (sc-
CAMLR-X, Annex 5, Appendix D) were discussed.

4.26 Paper WGKrill-94/14 described a series of acoudtic surveys in a limited area near Elephant
Idand which had been used to invedtigate spatia variability prior to the commencement of
commercid krill fishing during the 1992 season.  There was some concordance between the firgt
three surveys, but the last survey indicated amgor reduction in krill dbundance. Commercid fishing
soon after the last survey was characterised by high catch rates. Thisimplied that the abundance of
krill in the Elephant Idand area can change rapidly, and when krill do come into the areg, they are
mogt often found at the same location.

4.27 Pansfor an acoudtic survey in Divison 58.4.1 were discussed (WGKiill-94/18). The primary
am of the survey will be to provide an estimate of standing stock which could be used as the basis
for setting a precautionary catch limit for the area. Some information is available on the digribution
of commercid catches in the region but little additiona information is available. Planning the survey
has highlighted the congtraints imposed by incorporating regular series of CTD casts and net hauls into
a study based mainly on acoustic observations.

1



4.28 Alternative srategies were discussed, such as undertaking intensive surveys in three smaller
locdities with broader scale surveys in between and then extrgpolating to the overdl area. No ided
dternative dtrategy was identified and the Working Group felt that if the survey were undertaken
according to the submitted design the results would be suitable for providing a standing stock
estimate to use as the basis for a precautionary catch limit. It was recognised that most of the krill in
Divison 58.4.1 were likely to be found south of 63°S.

4.29 Plans for a Japanese survey in Subarea 48.1 were discussed (WGKrill-94/27). This study
amsto investigate krill flux in the South Shetland I1dands region, estimate the grazing impact of kiill
on other planktonic species and to study krill-predator interactions. Krill close to the bottom would
be investigated using a deep echosounder and closing nets. It was reported that an acoustic doppler
current profiler would be used for the study but could not be used in conjunction with the
echosounder due to interference between the two instruments.  This problem has been noticed by
other researchers. The study would be undertaken in three phases during the period December
1994 to March 1995. The Working Group welcomed thisinitiative.

4.30 Guiddines for the design of surveys were summarised in WG-Krill-94/20 following the results
of the meeting of the Subgroup on Survey Desgn 6C-CAMLR-X, Annex 5, Appendix D), and
responses to a request for information were circulated by the Working Group Convener. The
Working Group recognised the need to obtain unbiased estimates of biomass and variance from
acoudtic surveys. Because spatid data are rarely independent, it might be assumed that a Strategy
which gives an even coverage of the area would be the more effective. However, according to
classcad sampling theory this desgn would lead to a biased estimate of variance because samples
would not be independent of each other unless the resource is assumed to be randomly distributed.
As the latter is not likely to be true, an unbiased estimate of variance would only be possible usng
classica sampling theory with arandom sampling design (with or without gratification).

4.31 The geodtatistica approach exploits the existence of spatid corrdation. Independence of
samplesis not arequirement under this gpoproach. Variance is estimated in accordance with a mode
fitted to the covariance function or variogram.

4.32 When the inter-transect distance is greater than the range of spatid correlation, the variance
estimated by both approachesisvery smilar.

4.33 The Working Group recognised that these gpproaches warrant further consderation and
encouraged continued discussion to enable the group to recommend specific approaches to survey
design and data analysis.



Methodology Used on Recent Surveys

4.34 Four papers were discussed on this subject, WGKrill-94/21, 32, 34 and WG-Joint-94/9.

4.35 Paper wGKiill-94/21 reported recent surveys in the Prydz Bay region. The Working Group
noted that the three-dimensond plots of the results indicated that there might be some spatid
dructure present dong the transects, particularly close to the shelf break, which might warrant further
investigation.

4.36 Paper wGKiill-94/32 included results from two surveys using a 38 kHz system in the margind
ice zone. Noise margin levelswere st by ingpecting sSignd levels on an oscilloscope whilst operating
in clear water; this resulted in different vaues being used for the two legs of the study. The survey
design was of paralld transects, 20 minutes of longitude apart.

4.37 A 120 kHz sysem was available for this study but the results were conddered by the
authors to be unrelidble due to low sgnd levels and an unexplained, approximatdy 20 log R,
increase in mean volume backscattering strength with depth.

4.38 Paper WGKrill-94/34 summarised biomass estimates from a variety of surveys from 1977 to
1992. Edimates based on net surveys were dl a least an order of magnitude lower than the
acoudtic edtimates, suggesting that avoidance is a dgnificant problem with the former method.
Without details of the individua surveys, the Working Group was unable to comment further.

4.39 Paper wG-Joint-94/9 included information on aseries of four sequentiad surveys undertaken in
the vicinity of Elephant Idand during January and February 1994 as pat of the AMLR Program.
Two designs were used for the surveys, the first and last of which covered alarge area with paralld
transects goaced a 15 n mile intervas while the other two surveys covered a smdler area with
transects spaced at 5 n mile intervas. It was accepted that these designs represented a compromise
between the requirements for estimating abundance and its variance by the traditiond methods and
determining spatia sructure.

440 Comparisons were made between biomass edimates caculated assuming that dl
zooplankton sound scatterers were krill, and those caculated by assuming that only distinct svarms
contained krill. Biomass estimates differed by only 6 to 8%.

441 The Working Group agreed that reports of surveys should include not only the results of
cdibrations, but dso the insdrument settings used during the survey. It was noted that when
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calibrations were undertaken away from the survey area, the sound speed and absorption coefficient
volumes might not be appropriate for polar regions. During surveys, values of these parameters
gppropriate to the conditions should be used. There remains some uncertainty regarding how to
compensate for noise.

Modedling the Digribution of Krill Aggregetions

4.42  Two papers were discussed, WGKiill-94/7 Rev. 1 and WGKrill-94/31.

443 Paper WGKrill-94/7 Rev. 1 described an gpproach to moddling the distribution of krill
aggregations based on observations in the Southern Indian Ocean sector. The presence of krill in
the surface 3 to 8 m during daylight early in the austr summer was noted by the authors. Such an
occurrence can introduce bias into acoustic estimates of krill dendty, and hence abundance. At
larger scales the didribution of aggregations was reasonably well described by an exponentia
function, but this was not the case at smdler scaes. The Working Group noted these devel opments
and encouraged further examination of the data, particularly since they were obtained in an areafrom
which little information had been available in the past.

4.44  Paper WGKirill-94/31 described the fitting of random process models to the distribution of the
centre-to- centre distances of krill aggregations detected on surveys undertaken aboard FFs Walther
Herwig and Fsv Agulhas. A totad of twelve modds were investigated, including both smple
digtributions and binary mixtures of these. The authors concluded thet the best fit was obtained using
a two-component Weibull mixture model or a log-transformed extreme value approach. It was
agreed that one of the reasons that the models had been poor descriptors of the distributions was
that at least two processes were being described: random diffusion and active aggregation.

Biomass Estimates from the Integrated Study Regions
(see dso Annex 7, paragraphs 3.8 to 3.18)

4.45 No new surveys for Statistical Area 48 suitable for use in revising the precautionary catch
limit were reported.

4.46 Surveys were reported for parts of the CEMP Integrated Study Regions (1SRs) and the results
are set out below.

4.47 Resaults from three surveysin the region of Prydz Bay are presented in WGKiill-94/21. These
cover areas which are part of the ISR. Biomass estimates are summarised below:
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Weight Density Biomass (106 tonnes) cv

(g/m?) over 150 000 kn? (%)
1985 20.2 3.02 16
1991 16.6 247 17.6
1992 10.25 153 348
1993 7.7 1.15 237

448 A review of results of Ukrainian krill surveys in the vicinity of Prydz Bay are presented in
WGKIill-94/34. The results from acoustic surveys are summarised below:

Period Area Mean Biomass Total Biomass
(kmR) (g/n?) (million tonnes)
February-March 1977 133200 187.7 250
December 1977-January 1978 129 260 50.7 6.56
February-March 1978 129000 65.8 849
February 1979 107 600 60.7 6.53
January 1980 133000 205 272
January-March 1981 112 400 200 225
December 1981-January 1982 168 000 226 3.80
December 1982-January 1983 126 800 213 2.70
December 1983-January 1984 124000 710 881
January -February 1984 345000 175 6.04
February 1985 123000 1.1 51
February 1986 94 000 36.6 344
February 1987 105000 183 192
February-March 1988 42 000 480 20
February 1989 37800 920 35
February-March 1990 53800 167.0 9.0
January -February 1991 537
February-March 1992 258

449 Reslltsof asaries of acoudic surveysin early 1994 from within the Elephant Idand region of
the Antarctic Peninsula 1SR were presented in WG-Joint-94/9 and are summarised below:

Weight Density Variance Area Biomass cv

(g/n?) (106 n¥) (103 tonnes) (%)

17 to 28 January 9.63 1.06 41673 401 11
29 January to 2 February 12.02 112 7203 86 9
17 to 19 February 13.46 8.66 7203 97 22
25 February to 9 March 861 371 41673 359 22

450 The biomass from these four surveys was substantiadly lower than that from surveys in
previous years. Mean vaues of dendity from previous years are summarised in the table below. It
was noted that the high vaue in 1993 may in part be due to difficultiesin differentiating between echo
sgnds from sdps and krill.



Average Krill Density (g/n?)
1990 58.6
1901 26.3
1992 454
1993 1114
1994 838
Krill Yidd Cdculaions
Evauation of Population Modds

451 A number of papers were presented describing further work on the krill yiedd modd of
Butterworth et al. (1993). This mode, which has been developed and used within the Working
Group to relate krill yield to a pre-exploitation survey estimate of krill biomass (see paragraph 4.92),
has been further developed according to specifications outlined in SC-CAMLR-XII, Annex 4,
Appendix E.

452 Paper WGKiill-94/5 reported that the computer code for the krill yield modd had been
updated to incorporate the recruitment module as developed in wWGKrill-93/13.  Checking of the
computer code was carried out intersessondly and a the meeting and it was concluded that the
program was now correct.

453 Paper WG-Krill-94/23 detaled preliminary computations carried out for the krill yild modd.
This involved modifying the input distributions for the lengths a recruitment and maturity (according
to the results of wWG-Krill-94/4), naturd mortdity (M) and the extent of recruitment variability.
Sengtivity tests were carried out to assess the consequences of avoidance of gravid females by the
fishery and higher natura mortality for younger ages of krill.

454 Reallts of the sengtivity tedts indicate that partid avoidance of gravid femaes leads to
greater depletion of males, but lesser depletion of females, than for the comparative base case where
gravid femdes are not avoided. This effect increases for large vadues of g, the proportion of the
unexploited biomass that can be taken as catchs.

455 The reproductive behaviour of krill is such that a sngle mde produces sufficient
spermatophores to fertilise more than one femde. It istherefore unlikely that the heavier depletion of

3 gisavalue (corresponding to a decision criterion) which is computed by means of the krill yield model and
used in the formula Y = @B, to obtain the yield, or catch, (Y) from an estimate of the pre-exploitation krill
biomass, B,
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males would adversdy affect reproduction of the krill population a the levels of g that have
previoudy been consdered appropriate by WG-Krill (g~ 0.1 - 0.165; see paragraph 4.94).

456 Realts of sengtivity tests (WG-Krill-94/42) also indicate that higher values of M for younger
ages result in akrill population which is lessreslient to higher harvesting intengties, i.e., higher values
of g. The assumption used in the tests was that M for ages 0, 1 and 2 is double that for older ages.
The redlism of this assumption was questioned, and the Working Group referred this question to the
Joint Medting of WG-Krill and WG-CEMP (WG-Joint). This discusson is presented in Annex 7,
paragraphs 4.34 and 4.35).

Evauation of Demographic Parameters

Estimation of Krill Recruitment Variability

457 At the wakrill meeting in 1993, a method for estimating the proportion of recruits in the
population from data on length density distributions was presented (WGKrill-93/12). This proportion
is esimated by fitting a mixture distribution to a length dendity distribution.  The proportion of 1-
year-old recruitment is estimated as the ratio of 1-year-oldsto al older animals, and the proportion
of 2-year-old recruitsSsmilarly.

458 The average proportion of recruits and the variability about this average are estimated from a
number of data sets. These two Satistics are then used as inputs to the krill yield model to generate
time series of (fluctuating) recruitment. One of the assumptions of the estimation method is thet the
length dengty didributions are representative of the length structure of a sdf-sudaning krill
population for the range of age classes considered.

459 Reallts, in terms of the average and variance of the proportion of recruits, had been
cdculated in WG-Krill-93/12 from a subset of the data sets congdered in the andyss. Estimates (of
the recruitment proportion) that were close to zero were excluded.

4.60 At this meeting, an attempt was made to develop criteria for the exclusion of data setsfrom
the estimation of recruitment proportion and varigbility. There were no obvious reasons for
excluson of any of the origina data sts used in WGKirill-93/12. Two modifications to the data sets
were, however, suggested.

4.61 The Walther Herwig FIBEX survey included a number of samples made in the Weddell Seq,

just to the southeast of the Antarctic Peninsula, and it was suggested that data from this area should
be excluded. The main reason for this excluson is the different mean length of the krill age group 1+
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compared to the krill from the Peninsula area, suggesting an origin from different populations.
Incluson of these data is thought to violate the assumption of representativeness of a sngle

population.

4.62 The second suggestion was to exclude dl data for szes below 20 mm because of possble
net sdectivity problems. Only data obtained from RMT8 nets were considered, and this type of gear
is likely to sdect animds greater than 20 mm in length. Sdlectivity a the upper end of the sze
digribution is unlikely to have a serious effect on estimates, whereas selectivity at the lower end of
the 9ze digtribution isfar more likely to do so.

4.63 Further data sets for use in the estimation of recruitment variability were requested in sc-
CAMLR-XII, Annex 5, Appendix E, and nine more data sets were submitted. At the present meseting,
these new data sets were analysed together with a re-andysis of the origind data sets, incorporating
the suggestions noted above (paragraphs 4.61 and 4.62).

4.64 Edimates of recruitment proportion were obtained for 1-year-olds (18 data sets) and for 2-
year-olds (17 data sets)*. These vaues were combined into three estimates of the average and
variance of recruitment proportion, based on: (i) 1-year-old recruitment; (ii) 2-year-old recruitment;
and (iii) 1- and 2-year-old recruitment combined (see below). Full detals of the results are given in
Appendix F.

lyear R 2-year R Combined
Number of estimates 18 17 35
Mean R estimate 0.404 0.557 0.415
Standard deviation 0.456 0.126 0.442
CV of distribution 1.128 0.226 1.067

Note: combined statistics reflect inverse variance weighting.

4.65 The mean recruitment proportions are smilar, but the standard deviations (SDs), and, hence,
coefficients of variaion (cvs), ae much higher for 1-year-old recruitment than for 2year-old
recruitment. The combined results are dominated by estimates for 1-year-old recruitment, because
vaues are combined by inverse variance weighting.

4.66 The high cvs for the 1-year-old recruitment proportion and for the combined sets of
edimates imply that these distributions are U-shaped with high probabilities of observing values close
to zero and vaues close to 1. These digtributions are more variable than a uniform digtribution,

4 Results are for al data sets analysed in WGHKill-93/12 and all nine new data sets (paragraph 4.63); see
Appendix F.
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which has a cv of about 0.3. On the other hand, a cv less than 0.3 would imply a bell-shaped
digtribution, and this would be the case for the results based on 2-year-old recruitment.

4.67 Although it is possible that the recruitment proportion distribution for krill is U-shaped rather
than bell-shaped, it is unlikely that it would be as extreme as suggested by the results. If mortdity is
in a range compdatible with the expected life-gpan of krill, then one would not expect frequent
occurrences of recruitment much larger than the numbersin severa older age classes, and one would
therefore not expect a high probability of a recruitment proportion close to 1. There is a high
probability that recruitment proportions will be close to zero.

4.68 There is, however, an apparent contradiction in that the results for 1-year-old recruitment
suggest a U-shaped distribution, whereas results for 2 year-old recruitment suggest a bell-shaped
digribution. There are two possible explarations for this.

4.69 Frdg, the basic assumptions of the recruitment method may be violated, which would lead to
unrdiable results. The assumptions are that:

() length dengity didtributions are representative of the length structure of a self-sustaining
population;

(i)  the length structure can be described by a mixture digtribution with increasing age,
leading to a monatonic increase in mean length-at-age; and

(i) krill do not shrink neturdly.

At least one set (1+ year-olds or 2+ year-olds) nmay, for example, not be representative of the
length Structure of a self-sugtaining population.

4.70 Inthisregard, it was noted that there were possible reasons for excluding some of the data
from two of the surveys included in the new andysis (the German surveysin 1982 and 1983, code-
named GER1982 and GER1983). These data sets gave estimates of 1-year-old recruitment proportion
close to 1, which was thought to be due to over-sampling of smdl krill in the Brandidd Stratt, or
from the shdf area. The spatid segregation of krill of different age/size classes is well-documented
for this area (e.g., WGKirill-94/22), and could lead to nonrepresentative length dengity distributions.
This concern may aso be expressed for some other surveys and should be considered before future
discussion of matters mentioned in paragraphs 4.64 and 4.66 to 4.68.
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471 Paper WGKrill-94/22 presents estimates of recruitment proportion using didtribution mixture
andysis for the same two surveys, but including data from the vicinity of Elephant Idand only. The
aurveysin this area are thought to cover the digtribution range of dl krill life stages and Sze groups.

4.72 Due to limited time, the recruitment variability analysis could not be repeated at the meeting
excluding al, or some, of the data from the German surveys in 1982 and 1983. These surveys are
not included in the estimates of 2-year-old recruitment.

4.73 The second possible explanation for the different shapes of recruitment distribution suggested
by the 1-year and 2-year-old recruitment proportions, is that natura mortaity for krill between ages
1 and 2 may differ from that at greeter ages, reflecting adso large variagbility, possbly as a result of
density dependence. If this is the case, then it woud be reasonable to use estimates based on 2-
year-old recruitment in the yield model, since the fishery does not take 1-year-olds.

474 Thekrill yiddd modd was run with the new estimates of average recruitment proportion and
variability. Both sats of results, those based on 1- and 2-year-old recruitment combined, and those
based only on 2-year-old recruitment were used. Results are discussed in paragraph 4.101 below.

4.75 The dgorithm thet generates krill recruitment in the yidd modd, usng the esimates of
average recruitment proportion and variability, is based on the assumption that the distribution of
recruitment proportion is bell-shaped. A bootstrap re-sampling procedure was therefore applied
ingteed to provide results for andyses including the 1-year-old recruitment proportions.

476 Paper WGKiill-94/15 raised two points regarding the method of edtimating recruitment
variability and its implementation. Firgt, concern was expressed whether net samples were likdly to
provide representative samples. Criteria for the excluson of data (paragraphs 4.61 and 4.62) were
discussed; only data from RMT8 nets, which are likely to fully sdect for animas above 20 mm, were
consdered, and data on size classes below 20 mm were excluded.

4.77 The scond concern was that, at high recruitment proportions (around 0.7 and above), the
smulated variance is higher than the ‘true variance. In responsg, it was noted that currently the
average values of recruitment proportion are around 0.5 and most vaues are below 0.7, so this
problem is unlikely to have a greeat effect on results.

4.78 It would, however, be possible to try to modify the agorithm to improve its performance a
high levels of recruitment. The Working Group agreed that this could not be dbne during the
mesting, but should be given attention before its next mesting.



Krill Natura Mortdity and Growth

4.79 Paper wGKiill-94/16 presented growth and mortdity estimates for krill from the Prydz Bay
aea Reallts are congstent with previous estimates. It was noted that athough growth estimates
were obtained by fitting mixture distributions to length frequency data, these data could not be used
directly for the estimation of recruitment proportion because this requires length dengty distributions.
The data are, however, recorded in sufficient detail to congtruct length dengty distributions.

4.80 The author noted that there is some evidence of spatial segregetion by age in the samples.
To the north of the Antarctic divergence, mainly 4+ animals are found, wheress dl age classes are
represented south of the divergence. This should be considered if the data are to be used for the
edimation of recruitment proportion in the future.

4.81 The data described in this paper are not in the CCAMLR database, and Prof. V. Yakovlev
(Ukraine) indicated that the main problem in submitting the data to CCAMLR is lack of finance for
extracting and preparing the data. The Working Group emphasised that the data would be very
vauable to thework of WGKiill.

4.82 In genead discusson of the estimation of von Bertdanffy growth parameters, the negative
correlation between k and L, was notedd. If the curvature in the mean Sze-at-age plot is not
evident, then it is eesier to determine the product (k.L, ) than either parameter on its own.

4.83 Paper wGKrill-94/17 presents results of a study investigating whether krill shrink in the wild.
If krill do shrink, then current estimates of growth rate may be postively biased. Edimates of
recruitment variability, and hence mortdity, may aso be affected. The study consders the number of
crystd cones in the eyes as a possible index of age. The crystaline cone count may not decline with
shrinkage, and may therefore give amore reliable index of age than that provided by length.

4.84 Prdiminary results indicate some evidence for dhrinkage in the wild, though further
experiments are under way to vaidate basic assumptions and hypotheses. The method and study
were brought to WGKrill’ s atention at this early stage, because of their potentia importance.

4.85 Dr V. Segd (Germany) suggested that changes in crystd cone counts during maturation
should dso be examined, since changes in eye shape have been observed in spawning maes. The

eye shape returned to a pre-gpawning shape after spawning.

5k = kappa, growth rate; for instance in the von Bertalanffy equation Length = L; (1-eX +0))
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M/k Digtribution

486 At last year's meeting a request was made for a comparative andysis of ratios of natura
mortdity to von Bertdanffy growth rate for species other than krill 6C-CAMLR-XII, Annex 4,
Appendix E). The main reason for this request was to enable the correlation between M and k to be
incorporated into the krill yield modd. Prior to the development outlined in paragraph 4.52, the
modd used afixed vaue of k (0.45) with arange of vaues of M.

4.87 Paper WGKrill-94/11 presented results of a wide range of M/K ratios for crustaceans,
including euphausids. These estimates had to be extracted directly from the literature, and most
estimates are therefore for tropica exploited species. A mgor problem associated with euphausiids
is the lack of estimates of natural mortality. The range of vaues for M/K is very wide and would
lead to unredigtic vaues of k for krill if used with the current range of mortaity vaues generated in
the length dendty digtribution andyses.

4.88 The man concluson from this paper was that M/k cannot be obtained reliably from a
comparative andyss. The Working Group agreed that the way forward would be to look at the
properties of the yield modd with regard to correlation between M and k. Two options should be
conddered. Fird, the current ratio of (average) M over k should be used to generate a k-vaue for
eech M in the amulaion. This would imply that each k-vaue is amply some congant multiplied by
the redlised M.

4.89 The second option is to add some ‘noise’ or variability around this linear dependence. In
each casg, the effect of the corrdation between M and k on the results from the mode needs to be
investigated.

Maturity and Recrutment to the Fishery by Length
4.90 Paper WG-Krill-94/4 presented revised estimates for Sze at 50% maturity (| ,.50) and Sze a
50% recruitment (| ,5,) to the fishery. Reaults indicate thet the krill yield modd should sample from

uniform digtributions with the following parameters:

l'so = U[30, 39] with awidth of 9 mm
| o = U[32, 37] with awidth of 6 mm

where U[ ] indicates uniform distribution with upper and lower bounds.



491 The Working Group agreed that estimates of the range for |5, were likely to be rdiable,
since they are derived directly from biologicd information on maturity. Edtimates of the range for
I s, ON the other hand, were subject to the combined effects of gear sdectivity and fishing
operations. The Working Group therefore suggested that sengtivity tests with regard to |, be
conducted a this meeting usng the updated edimates of recruitment variability (see
paragraphs 4.108 and 4.109).

Criteriafor Sdecting an Appropriate Vauefor g

492 Ove the past severd years, the Working Group has been developing the krill yield modé!.
This is used to provide vaues for the proportion of a survey estimate of the pre-exploitation krill
biomass that can be harvested under a given set of criteria. The proportiondity coefficient iscdled g,
and catch limits are cdculated as the product of gand an estimate of the pre-exploitation krill
biomass, B, (see footnote to paragraph 4.54).

493 Ladt year the Working Group had one decison rule for sdlecting avaue of g choose g so
that the pobability of the spawning biomass dropping below 20% of its pre-exploitation median
level over a 20-year harvesting period is 10%. This decison rule was amed a protecting the krill
stock by not dlowing the spawning biomass to drop to very low levels a which the chance for
successful recruitment may be impaired. Although the probability of 10% is somewhat arbitrary, it is
conggtent with vaues used in managing other fisheries.

4.94 This decison rule, however, derives from a sngle-species approach. The Working Group
had some initid discussons in 1993 amed a establishing decison rules that would accord some
protection to krill predators as required under Article 11. Further discussonswere held a thisyear’s
meeting, both in wGKrill and the joint meeting with CEMP (Annex 7, paragraph 5.31).

495 Interms of predators, it is gppropriate to devise a decison rule on the basis of the median
level of krill escapement, defined as the ratio of median krill biomass under exploitation to the
corresponding median pre-exploitation levd. In a dngle-gpecies management context, an
ecgpement level of about 50% is usudly considered to be gppropriate.  The highest levd of
escapement (i.e., 100% - the best Stuation for the predators) is achieved when there is no harvest.
Given that afina decision has yet to be reached in CEMP regarding appropriate levels of escgpement
for predators, the Working Group suggested that a value hafway between these two bounds (i.e, a
75%0) should be used as a preliminary target level, as dso agreed a wG-Joint (Annex 7, paragraphs
4.33 and 4.34).
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496 The second decison rule, amed at protecting predator requirements, is therefore:  choose
g S0 that the median krill escapement at the end of a 20-year period is 75%.

497 Each decison rule would lead to the sdlection of avalue of g, and these vdues are likely to
be different. The third rule for deciding between these two vaues of gisto sdect the lower, more
conservative vaue. This means that the g-vaue associated with the ‘limiting factor’ in the system
would be selected.

498 Thefollowing decison rules were therefore defined:

() choose g,, o that the probability of the spawning biomass dropping below 20% of its
pre-exploitation median level over a20-year harvesting period is 10%;

(i)  choose g,, so that the median krill escapement over a 20-year period is 75%;

(i) selectthelower of g;, and g, asthelevd of gfor cdculation of krill yidd.

Yidd Edimates

499 Realts from the krill yidd modd with the updated estimates of average recruitment
proportion and its variability are presented below. Three sets of results are summarised: last year's
results (last); results for 1- and 2-year-old recruitment combined (1-2+); and results for 2-year-old
recruitment only (2+). Results are given for the two vaues of gthat were used at last year’ s mesting
(sc-cAMLR-XI1, Annex 4, paragraph 6.3).

Parameter g=01 g=0.165
Last 12+ 2+ Last 12+ 2+

Probability spawning biomass falls below

0.2 K, over 20-year period (Prob) | 0.02 089 002 |010 093 014
Median spawning biomass after 20 years (Med) | 0.78 010 078 | 062 003 064
Lower 5%-ile spawning biomass after

20 years (Low) 041 O 043 |024 O 0.20

4.100 Resultsfor the recruitment parameters derived from 1- and 2-year-old recruitment combined
(1-2+) are very different from the other two sets of results because of the much higher cv and U-
shaped nature of the recruitment distribution.
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4.101 The vdues of Prob, Med and Low at different levels of g for the updated recruitment
parameters are given below.

g Thisyear 1+ and 2+ Thisyear 2+ only
Prob Med Low Prob Med Low
0 0.66 1 0.07 0 1 0.68
0.016 0.76 0.61 0.003 0 097 0.65
0.032 0.80 043 0.0002 0 0A 0.62
0.048 034 0.30 0 0.001 0.89 0.58
0.064 0.86 0.22 0 0.002 0.87 0.55
0.080 0.87 0.16 0 0.008 0.83 048
0.096 0.88 012 0 0.017 0.79 043
0112 0.90 0.07 0 004 0.76 0.39
0.128 091 0.06 0 0.06 0.72 0.33
0.144 0.92 0.05 0 0.09 0.68 0.26
0.160 0.93 004 0 0.13 0.65 0.22
0.176 0.17 0.61 0.17
0.192 0.22 057 013

4.102 Given the reservations expressed with regard to the combined results for 1- and 2-year-old
recruitment, and in particular the inclusion of the two German data sets for 1982 and 1983 which are
thought to be unrepresentative, and the apparent inconsistencies (see paragraph 4.64) in results for
1- and 2-year-old recruitment, the Working Group agreed that at this stage it is most gppropriate to
consder yield caculations based on 2-year-old recruitment only.

4.103 The firg decison rule resulted in g, = 0.149 and the second decision rule g, = 0.116. Full
results (using 2-year-old recruitment) for both g vaues are given below:

Statistic First Decision Rule Second Decision Rule

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

Probability of spawning biomassfalling

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

Median spawning biomass level at the

end of 20 years (Med) 0.68 0.75

Lower 5%-ile spawning biomass (Low) 025 0.38

4.104 It was noted that these two vaues of g lie between the values of 0.1 and 0.165 used
previoudy.

4.105 The third decison rule, which indicates that the lower of the two g-vaues should be chosen,
impliesthat ag-vaue of 0.116 should be used in caculaions of catch levels.
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4.106 The sendtivity of results to the didtribution of sze a 50% recruitment to the fishery was
investigated. Cdculaions for the 2+ estimates of M and recruitment variability from this meeting
have been repeated for 5 mm upward and downward variations in the distribution assumed for
length a 50% recruitment (I ,,), which is currently taken from a distribution U[30,39] mm.

4.107 The vdues of g corresponding to the two criteria identified as a bass for management
recommendations are given below.

r50 g
U[25, 34] mm U[30, 39] mm U[35, 44] mm
Prob=0.10 0.131 0.149 0.214
Med =0.75 0.109 0.116 0.128

4.108 Paragraph 4.107 shows that most changes in g are not too substantia (~10%) for the
changesin | 5, used. The Working Group agreed that there was a need to determine whether the

ranges of distributions used in the sengtivity tests were likely to reflect the red Stuetion.

4.109 Dr Agnew sad that, having analysed the data, he fdt that the red Stuation was indeed
covered by the sengtivity andyses. He indicated that it would be possble to quantify the likdy
bounds on estimates of |5, to determine whether the 95% confidence interva from the estimates

fdls within the ranges tested aove. This would be facilitated by more length frequency samples
from the fishery, particularly from Ukrainian and Chilean fishing vessals, becoming available.

4.110 The analyses presented in WG-Krill-94/4 were based on samples from the Japanese and
former Soviet fisheries which used 15 to 17 mm and 12 mm mesh Szes respectively. Precise
information on the mesh size usad by the Ukrainian fishery was requested.

Review of Precautionary Catch Limits

4.111 Discusson under thisitem isreflected in Section 5 and Table 2.
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ADVICE ON KRILL FISHERY MANAGEMENT

Precautionary Limits on Krill Catchesin Various Aress

Edtimates of Potentia Yield

5.1  The meding agreed that, asin the past, calculations of precautionary limits on catches should
be made using the formula’Y = g B, where B, is an estimate of the pre-exploitation krill biomass,
and gis avaue (corresponding to certain decison criteria) which is computed by means of the krill
yiddd modd. In terms of the decison rules agreed above (see paragraph 4.98), the current best
esimate for gis 0.116.

52 There was congderable discusson on whether survey estimates of B, (in Subareas 48.1,
48.2 and 48.3, for example) should be adjusted upward to dlow for krill flux through these
subaress. Detalls of this discusson, and its implications for management, are reported in Appendix
E

5.3  The outcome of these discussions was that making no ‘flux adjusment’ to survey estimates
for B, condtituted a sufficient and conservative basis for management, provided that the regions for
which precautionary limits were set did not contan more than one sdf-sustaining sock. This
gpproach would dlow catch limits to be set for al subareas or divisonsin the Antarctic for which
biomass estimates are available.

54  An dtendaive goproach of making adjustments for flux for certain subareas would
necessitate zero catch limits being set in other subaress - particularly those upstream of the subareas
concerned, for example. This option could not be implemented immediately and further andyses
would be necessary if it isto be pursued.

55  The meeting accordingly applied the gpproach of paragraph 5.3 to cdculae precautionary
cach limits Theresultsare givenin Table 2.

5.6  Conservation Measure 46/x1 Specifies subarea maxima that currently apply in addition to the
present overdl precautionary catch limit of 1.5 million tonnes of krill in Statigticdl Area 48
(Conservation Measure 32/x). A number of views were put forward as to how the revised
cdculation of alimit of 4.1 million tonnes for Satistical Area48 (see Table 2) should be subdivided.

5.7  Thefirg view wasthat the revised precautionary limit of 4.1 million tonnes should replace the
exiging 1.5 million tonnes figure, and be subdivided as reflected by column A in Table 2. This
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gpproach follows from the rationde given in Appendix E, which implies that the limits for subareas
should be based soldly on biomass estimates for those subareas (so that, inter alia, zero limits gpply
in subareas where there has as yet been no survey). Advocates of this gpproach queried the use of
historic catch data as a guide towards subdivision, arguing that this was not a sound gpproach in the
longer term, as the fact that a particular level of catch has been maintained over a limited period
condtitutes no guarantee that it is sustainable.

5.8  Onereservation expressed concerning this approach was that it was unreasonable to reduce
the exising limits for Subareas 48.4 and 48.5 from 75 000 tonnes to zero. Another was that the
resultant decrease for Subarea 48.3 from 360 000 to 180 000 tonnes was inappropriate, as it was
an artefact of the low coverage of this subarea achieved in the ABEX survey used to provide the B,
estimate.

5.9 Inresponseto these concerns, proponents of the gpproach in paragraph 5.7 argued that:

() these low vaues provided an appropriate incentive to organise surveys of these
subaress (for the first time, or on a more extensive basis than previoudy);

(i)  the gpproach, consstently applied, obviated the need for restriction of consideration to
the results from near-synoptic surveys in setting precautionary catch limits - hence
other surveys in, for example, Subarea 48.3 in addition to ABEX could be considered
in refining the edtimate of B, for that subareg;

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

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

(The meeting did not have sufficient time to pursue andyses which might have dlowed options (ii),
(i) or (iv) to be further examined.)

5.10 The second view concurred with the revison of the overal precautionary catch limit to 4.1
million tonnes. However, according to this view the matter of subdivison had dready been
discussed a length a previous meetings, and the sub-divison proportions for each subarea then
agreed (SC-CAMLR-XI1, Annex 4, Table 5) should be applied pending further detalled consderation
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of this matter (snce little time had been available to study the rationde advanced in Appendix E at
this meeting). These percentages are based on taking the average of the proportion of FIBEX survey
estimates and the proportion of the historic catch in a subarea of Statistica Area 48 and adding 5%.
The results of such a subdivison, and the percentages upon which it is based, are shown under
column B in Table 2.

511 A reservation concerning this second view was that the percentages adopted for subdivison
had been agreed in the context of an overdl limit of 1.5 million tonnes for Statistica Area48. It was
argued that this agreement had not been intended to extend to a higher figure for this limit, as was
now under consderation.

512 A third view was that the likely levels of fishing for the next season were congderably less
than the ‘subdivison trigger’ leve of 0.62 million tonnes in Consarvation Measure 46/XI.
Accordingly, there was no immediate need to revise ether the trigger leve or the 1.5 million tonnes
overdl limit of Conservation Messure 32/x for Statistical Area 48.

5.13 TheWorking Group had insufficient time to discuss these views further.

5.14 Concern has previoudy been expressed that krill fishing has occurred in Divison58.4.1, but
that a survey of the krill biomass in that region has yet to take place. The meeting was therefore
pleased to hear (WG-Krill-94/18) of plans by the Audrdian Antarctic Divison for a survey of this
divison during the 1995/96 summer season.

5.15 Comments on the detalled proposas of WG-Krill-94/18 are recorded in paragraph 4.27. The
meeting endorsed the overal proposa which would provide key information.

516 DrsdelaMare and Nicol stated that they would welcome the participation of vessels from
other countries in the survey, as this would improve survey intengty and synopticity. Dr Naganobu
advised that Jgpan was giving condderation to this posshility. The CCAMLR Secretariat could
fecilitate the coordination necessary if a multi-nationd survey becomes likdy. In the meantime Dr
Nicol would be the contact person for information.

517 The Sdentific Committee had accorded a high priority to the refinement of the biomass
estimate for Divison 58.4.2 (SC-CAMLR-XII, paragraph 2.83). Two papers, WG-Kiill-94/21 and 34,
presented estimates of krill biomass for areas within Divison 58.4.2. Due to differencesin coverage,
estimates could not eadily be related to the biomass in the whole of Divison 58.4.2 and it is aso not
easy to relate these estimates to the original FIBEX estimate previoudy used by wWG-Kiill.
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5.18 TheWorking Group had insufficient time to discuss this matter further.

Possible Ecologicd Effects on Catch Limits

519 The Working Group noted the precautionary catch limits usng the new edimate of
g=0.116, obtained from the three decison rules agreed upon a this meeting. The estimates of
biomass for Subareas 48.1, 48.2, 48.3 and 48.6 have not been changed, since no new information
has been received.

520 WG-CEMP (SC-CAMLR-XII, Annex 6, paragraph 5.33) had addressed certain questions to
WG-Krill. Thesewere consdered by wG-Joint (Annex 7, paragraphs 4.7 to 4.16).

Refining Operationd Definitions of Article I

521 The Working Group agreed that substantial progress had been made in the refinement of
operdiond definitions, in paticular on the three decison rules for the sdection of ¢

(paragraph 4.98).

5.22 The Working Group recognised the need for operationd definitions that conddered the
needs of predators as well as prey, and in this regard welcomed the adoption of a vaue of krill
escapement of 75% (Annex 7, paragraphs 4.32 and 4.33). The Working Group recommended that
such operationd definitions should be devel oped.

5.23 The Working Group recommended that the interim decison rules for the sdection of an
exploitation rate in caculating precautionary catch limits be conddered for adoption by the Scientific
Committee. The Working Group noted that the krill yield mode has been refined and that the key
parametersin that model were now based on analyses of data. The Working Group aso noted that
the revised precautionary catch limit for Statistical Area 48 has been cdculated usng agreed data
and methods. The mgor problem facing the Working Group is in providing advice on the dlocation
of aprecautionary limit to subareas within Statistical Area 48 (see paragraphs 5.7 to 5.13). The two
basic approaches to dlocation each result in some anomalies. The Working Group recommended
that the Scientific Committee consder this matter further with aview to darifying the basic gpproach
to be followed and possible means of resolving the anomaies in the selected approaches.



Daa Requirements

5.24 Standard data requirements of the Working Group are given in Table 3. Two additiona
items were discussed.

5.25 The Working Group received an offer from Chile to present data on trawl start times and
duration. The Working Group agreed that this data would be useful. Andyses such as catch/towing
hour could show seasond trends. In addition, the data would be of use in fishery behaviour models.
The Working Group therefore recommended that such data should be presented to the next meeting.

526 As requested by ccCAMLR-XII (paragraph 6.10), the Working Group discussed the
implications of a 50-tonne research catch as a trigger level for Conservatiion Measure 64/XIl.
Experience from aGerman research cruise utilisng commercid krill trawls indicated possible catches
of up to 400 tonnes of krill. The Working Group recommended that other researchers usng
commercid types of trawl submit smilar information, which would then enable wGkrill to review the
dtuation & its next mesting.

Accessto and Use of Datawithin CCAMLR

5.27 The Convener outlined briefly the principles of access to data and use of data within
CCAMLR (WG-Krill-94/19).

5.28 Some concern was expressed where collaborative analyses, to be carried out during the
intersessond period, were sanctioned by the Working Group during its meeting.

5.29 TheWorking Group reiterated that:

() anayses presented as Working Group documents are not considered to be public
documents, and

@) if the find am of the andyss is forma publication, then the onus is on the person(s)
undertaking the analys's to obtain the necessary permission from the originators of the
data at the outset of any collaborative undertaking.

5.30 The Working Group agreed that it is highly desirable that in cases outlined in paragraph 5.29

that this permission be obtained during the relevant Working Group or subgroup meeting.
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Future Work and Organisation of wG-Kiill
Review of Terms of Reference

5.31 A discusson of thisitem isgiven in the Report of the Joint Meeting of wGKrill and wWG-CEMP
(Annex 7, Section 6).

Future Organisation of Work

5.32 The report of the Joint Meeting of WGKrill and wWG-CEMP identified three areas of further
work which have implications for wG-kiill:

()  thedetermination of krill flux;

(i)  the determination of options for decison rules for caculating appropriate levels of krill
harveding; and

(i)  thefunctiond relationships between predators and prey.

5.33 In adition, ongoing activities of wGKrill that need to continue through the intersessiond
period are listed in Table 4.

OTHER BUSINESS

6.1  The Working Group noted that in recent years the catch of E. superba in the Convention
Area has been smaller than thet of Euphausia pacifica off the west coast of Japan. The catch of E.
pacifica will reportedly fdl to 90 000 tonnes this year, with management of this fishery being based
on market demand rather than on biomass estimates. Mr Ichii agreed to contact those involved with
the management of the E. pacifica fishery to investigate whether there were matters of common
interest to scientigts involved in the management of these krill fisheries.

ADOPTION OF THE REPORT

7.1  Thereport of the Sxth Meeting of wGKrill was adopted.
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CLOSE OF THE MEETING

8.1 In cdosng the meeting the Convener, Mr Miller, thanked participants, rapporteurs and the
Secretariat for ensuring a successful and productive meeting. In paticular he thanked
Dr V. Shannon, Director of the Sea Fisheries Research Inditute for his assstance and support in
organisng the whole auite of Hux, Krill, CEMP and joint meetings, and dl his staff who had worked
tirdesdy to effect its success. He dtated that holding these meetings in South Africa was of great
persona satisfaction to him.

8.2  Mr Miller then informed the meeting that it was his intention to step down from the pogtion
of Convener at the close of the 1994 Scientific Committee meeting. He thanked all participants, past
and present chairmen of the Scientific Committee and other Working Groups, and dl g&ff of the
Secretariat for making his years as Convener, from 1989 to 1994, productive, pleasurable and
satisfying. He particularly congratulated the Working Group on the direction which it was taking and
the progress it had made towards responsble scientific support of the Commisson and the
Convention.

8.3  Dr Shannon congratulated Mr Miller on successfully concluding the meeting, and thanked dl
participants for their support in its deliberations in South Africa The Executive Secretary dso

extended thanks and congratulationsto Mr Miller on behdf of CCAMLR.

84  Dr Everson then ddivered a vote of thanks to the Convener from the Working Group and
presented him with an engraved avian Satuette.

8.5  The Convener then closed the meseting.



Table 1 CCAMLR Observer Program. Random times of day to be used when recording fishing vessel activity. Activity type should be recorded in the boxes provided.

Activity codes:

F = Fishing (haul in progress)
S = Vessdl searching/steaming

P = Vessel stopped while processing of previous catch is completed

A = Vessel stationary either at anchor or hoveto

T = Transhipping catch

R = Vessel repositioning in preparation for next haul
day

1 2 3 4 5 6 7 8 9 10

date: date: date: date: date: date:; date:; date: date: date:
051 0:49 023 017 0:18 057 151 051 1.07 0.02
112 2:37 113 0:28 0:26 1.55 201 333 2:36 2:36
2:18 2:46 440 1:36 2:08 249 249 424 306 315
317 423 6:41 345 212 317 3.08 550 318 329
359 6:23 715 6:02 4:32 413 4.02 6:10 339 412
6:09 6:25 .27 6:44 4:49 4:15 4:25 12:06 5:30 527
6:.44 6:48 7:59 7:49 540 7:36 44 14:50 541 10:04
817 841 8.02 824 741 8338 513 14:59 6:45 10:28
10:36 857 839 10:25 817 849 713 15:55 713 10:29
10:40 9:30 904 10:28 947 13:22 835 16:10 7:36 11:16
11.35 10:43 10:46 11:38 10:53 14:.02 858 17:26 7:39 11:19
1147 10:54 1321 1512 15:16 14:49 9.06 17:50 11:.00 11.35
12:43 11:42 13:33 16:03 16:25 14:58 9.46 18:58 14:42 1151
13.09 12:10 14:20 16:48 17:01 15:11 12:13 19:53 16:20 14:32
13:23 15:32 15:53 17:.37 17:19 18:47 15:31 19:56 16:48 17:12
16:22 15:51 17:55 20:02 18:05 22:17 17:41 20:14 17:.35 18:09
18:14 16:22 1914 21:.47 18:47 22:59 18:56 21.02 17:46 1850
19:10 18:26 20:27 2211 19:43 23.07 18:57 21:27 17:56 20:48
20:09 19:20 2322 22:14 20:16 2335 19:.02 21:30 19:.07 21:50
21:34 20:12 2356 2312 2057 2356 2320 2338 21:12 2315




Table 1 (continued)

day
11
date:
0:18
2:39
3H4
341
528
6:44
6:49
742
9:30
10:29
10:42
11:26
14:22
14:48
17:55
1811
18:34
19:.44
21:09
22:06

12
date:
0:09
017
044
302
358
527
7:18
10:42
10:45
12:37
1310
1354
16:31
16:50
19:35
20:37
20:49
22:09
2312
23:32

13
date:
021
0:29
0:49
355
4.03
4.03
525
.27
8.08
944
11.07
12:45
14:19
15:.02
16:50
16:50
18:25
22:01
22:33
2331

14
date:
0:23
1:40
251
315
341
4.04
4:19
442
458
6:34
812
10:59
1354
14:04
16:09
16:21
18:07
18:32
21.07
2354

15
date:
1.03
1.07
211
2:37
3.02
314
446
7.01
7.52
921
9:36
11.03
12:25
12:47
14:17
17:.03
18:15
18:24
20:29
21:18

16
date:;
1.07
1.42
2:46
2:56
6:22
836
855
9:39
11:34
11:46
15:16
15:23
16:22
16:55
1711
1744
20:17
21:29
23.03
2317

17
date:;
0:38
1.01
1.33
307
3.08
841
912
10:04
10:58
11:30
12:34
12:48
13.23
15.02
16:34
18:47
20:58
22:36
22:50
23:18

18
date:

0:18

2:27

5:38

10:12

1334

15:32

15:45

16:18

16:43

18:26

19:06

20:32

20:44

21:10

21:26

21:48

22:38

2304

2327

2334

19
date:
141
218
322
4:36
4:40
451
518
8:26
9.08
922
953
11:29
12:48
12:51
14:33
17:18
17:24
19:58
2315
2350

20
date:

1:26

345

4.02

4:22

5.02

528

5:39

1234

13:19

1332

14:04

14:14

14:44

1521

15:23

17:19

1815

20:56

21:42

22:03




Table 1 (continued)

day
21
date:
0:58
1.24
134
241
423
6:26
813
11:16
11:40
15.05
15:18
16:10
16:20
17:00
17:45
19:18
1951
20:21
21:24
23.28

2
date:
0:19
1.57
3.06
5:56
6:34
6:58
.27
743
828
855
10:08
1151
12:58
14:10
14:25
16:25
19:09
21:09
23.02
23:32

23
date:
1.08
1.47
2:23
447
6:00
6:21
.22
830
935
10:21
11:36
12:16
14:15
1551
16:23
18:13
18:23
21:52
2317
23:38

24
date:
0:05
210
2:56
358
443
533
540
7:11
7:36
7:39
755
913
15:.02
18:25
19:40
1951
20:21
21:14
21:49
21:56

25
date:
0:48
(07
(07
215
2:28
6:14
850
10:38
10:48
13:17
13:18
14:24
14:41
16:44
18:23
18:33
18:44
1951
19:55
20:48

26
date:
157
534
555
6:45
734
846
10:20
11:00
13:26
14:19
14:26
16:10
17:.03
17:59
19:55
20:17
20:55
21:.06
22:18
22:39

27
date:;
(0X0%]
0:45
248
525
826
919
14:.02
14:31
14:38
14:49
15:19
16:22
16:36
16:46
17:16
19:22
20:54
20:55
21.07
2317

28
date;
1.55
3.09
359
521
7.37
919
934
10:55
12:13
13:43
14:52
15:35
16:21
17.27
18:05
19:42
20:21
21:57
22:31
2353

29
date:
Q.27
0:30
2:56
307
327
357
452
6:55
7.03
841
10:37
16:53
16:55
17:50
19:42
20:22
22:48
23.08
23:10
2314

30
date:
0:32
o4
1.31
2:08
221
4:15
919
9:59
10:16
11:42
12:06
13.37
14:48
17:.09
17:47
19:19
20:26
20:34
20:48
21:39

31
date:
0:32
2:38
2:39
2:40
326
331
415
454
6:0
6:39
80
10:1
12:18
12:38
13:14
15:43
16:34
22:41
23:19
23:58




Table2: Precautionary limits on krill catches in various areas, based on the formula Y = gB,, where g=0.116

(see paragraph 4.105). Units are 106 tonnes. Two methods of calculation of catch limits by subarea
are given: (A) alocation proportional to biomass estimate for subarea; and (B) allocation on basis of

previous recommendation (see SC-CAMLR-XII, Annex 4, Table 5). B, values are taken from
SC-CAMLR-XII, Annex 4, Table 4.

Subareal B, Y =gBy, Catch Limit by Subarea 1993/94

Division A B Catch
481 136} 158 1.39 (34%) 0.045
482 156} 308 357 181 201 (49%) 0.019
483 15} 0.18 1.07 (26%) 0.019
484 - 0 0.21 (5%) 0
485 - 0 0.21 (5%) 0
486 46 053 053 049 (12%) 0

Total 48 354 410 0.083
584.2 39 045




Table3:

Datarequirements. Thistableliststhe requests of WG-K(ill-93 and additional requests of the Sixth Meeting of the Working Group.

Data Requested by WGKrill-93

Data/Work Submitted

Data Requested by WGKrill-94

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

Demograhic data, especially as parameters
for the yield model

Krill flux data

Length frequency data submission

Haul-by-haul data

Finer scale data submission

Estimates of biomass for ISRs
Monthly catch reporting

Data on amount and viability of krill passing
through a net

Historical fine-scale catches

Minimum data requirements from acoustic
surveysrequired (SC-CAMLR-XI, Annex 4,
Appendix H)

Net haul density data should be submitted for
calculation of recruitment

Data on by-catch of fishin krill trawls

Not done

WGKrill-94/4, 11, 16, 17

See WS-Flux report (Appendix D)

Length frequency datafrom
Japanese fishery

Chileonly

Japanese 10 n mile x 10 n mile data
reporting

WGKirill-94/21, WG-Joint-94/9
Proceeding

Model in WG-Krill-93/34 had not
been sent to Secretariat

Information provided by Ukraine
WGKiill-94/10

Compliance

German and Japanese data submitted
(paragraph 4.63)
WGKrill-94/25

Continued requirement

Additional datafor continued work on flux required (paragraphs 4.13 to 4.15)

Continuing requirement, especially from Chile and Ukraine, that data be submitted
to the CCAMLR Database (paragraphs 4.81 and 4.109)

Continued requirement from other fleets

Continued requirement

Validation of assumptions of WG-Krill-93/34 recommended (SC-CAMLR-XII,
Annex4, paragraphs 3.36 and 3.38) - continued requirement (paragraph 3.19)

Progress and assistance for submission of historical fine-scale data encouraged
(paragraph 3.3)

Continued reguirement - see future work
Trawl start times and duration; from Chile (paragraph 5.25)
Information on catch quantitiesin research surveys (paragraph 5.26)




Table 4:

Future work requirements. Thistable liststhe requests of WGKrill-93 and additional requests of the Sixth Meeting of the Working Group.

Work Requested by WG-Krill-93

Data/Work Submitted

Future Work Requested by WGKrill-94

Operational definitions of Articlell
particulary decision rules

Refinement of parameters and model of
functional relationships

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

Further work on acoustic methodologies,
especially on upward-looking and
multi-frequency transducers

encouraged (paragraphs 4.17 and 4.20)

Survey designs

Further detailed quantitative analysis of
overlap of predators and fishery in all
CCAMLR areas requested

Further consideration of the Scientific
Observers Manual

Evaluate CPUE index
Yield mode

Liaison between fishermen, biologists and
managers

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

Paragraph 4.98

See WG-Joint report
(SC-CAMLR-XI11/5)
WGKiill-94/6

Number of papers
(paragraphs 4.21 to 4.24)

WGKrill-94/20;
also paragraphs 4.25t0 4.33

Thistopic was addressed by the
joint meeting
Japanese data (W G-Krill-94/25)

WGKiill-94/14
WGKrill-94/4, 5, 11, 23, 42

None

None

Specific intersessional work reguested on determining options for decision rules
(WG-Jaint report and paragraphs 5.22 and 5.32)

Continued requirement (paragraph 5.32)

Continued requirement

Future work should take into account considerations in paragraph 4.33

Suggested use of random time table 1 to examine ship activities (paragraph 3.33)

Further work encouraged

Modify algorithm for estimates of recruitment proportion (paragraph 4.26) and various
sensitivity analyses (paragraphs 4.89 and 4.91)

Continued requirement

Continued requirement




Table 4 (continued)

Work Requested by WG-Krill-93

Data/Work Submitted

Future Work Requested by WGKrill-%4

Subdivision of results from existing
surveysin line with WGKrill-92
(SC-CAMLR-XI, Annex 4, Appendix D)

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

A workshop on krill flux should be held in
1994 (paragraph 4.10)

Fux workshop held

Continued requirement

Continued requirement

Additional work on hydrographic data (paragraphs 4.13 and 4.15) and krill flux
(paragraph 5.32)

New work on tables for Statistical Bulletin (paragraph 3.6)
Information on mesh size on Ukrainian vessels (paragraph 4.110)
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AGENDA

Working Group on Kirill
(Cape Town, South Africa, 25 July to 3 August 1994)

1. Wecome

2. Introduction
()] Review of Meeting Objectives
(D) Adoption of Agenda

3. *Review of Fisheries Activities

Fisheries Information
@ Data Submisson
(b) Catch Leves
(© Location of Catches
(d) Reports of Observers
()] By-catch of Young Fish
(D) Length Frequency/Haul-by-haul Data
@)  Useof Draft Observer Manud
Other Information
@ Fishing Escapement Loss/Mortdity
(b) Development of cPUE Indices
(© Future Fishing Plans

4. Edtimation of Krill Yidd

*()

(i)

Krill Hux in Satistical Area48 and Other Areas

@ Reaults of Fux Workshop

(b) Immigration/Emigration Rates

(© Residence Times

(d) Influence of Hydrography

(e Effects on Estimates of Yield
Egtimation of Effective Biomass

@ Techniques

(b) Satistical Area48

APPENDIX A



(© Other Areas
(d) Future Near-synoptic Survey(s) in Statistical Area 48
()] Resaultsfrom Ad Hoc Correspondence Group
(i)  Refinement of Yidd Edtimate Cdculations
@ Evauation of Population Models
(b) Evduation of Demographic Parameters
()] Edimation of Recruitment Varigbility
(D) Criteriafor Sdecting g
(iv) Review of Precautionary Catch Limits
@ Statisticd Area 48
(b) Other Statigtical Areas

5. Advice on Krill Fishery Management
()] Precautionary Limits on Krill Catchesin Various Areas
d Edimates of Potentia Yidd
(b) Possble Ecologicd Effects on Catch Limits
(ii) Refining Operationd Definitions of Artide 1l
(i) Other Possible Approaches and Their Development
(iv) Data Requirements
*(v)  Future Work and Organisation of wWG-Kirill
@ Review of Terms of Reference
(b) Future Organisation of Work

6. Other Business

7. Adoption of Report

8. Close of Mesting.

[* To be considered as far as possible prior to joint meeting with WG-CEMHA
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REPORT OF THE WORKSHOP ON
EVALUATING KRILL FLUX FACTORS
(Cape Town, South Africa, 21 to 23 July 1994)

The Workshop on Evauating Krill Flux Factors was held from 21 to 23 July 1994 in the Sea
Fisheries Research Indtitute, Cape Town, South Africa. Dr Vere Shannon, Director of the Ingtitute,
welcomed participants.

2. A Prdiminary Agenda, circulated prior to the meeting, was adopted. Dr W. de la Mare
(Audraia) was dected Chairman for the meeting. Terms of reference for the workshop were given
in SC-CAMLR-XII, paragraph 2.29. Further specification of the data and anayses required were
givenin sC-CAMLR-XI1, Annex 4, Appendix D.

3. The Agenda, ligs of participants and papers submitted to the workshop are given as
Attachments A, B and C. The report was prepared by Drs D. Agnew (Secretariat), M. Basson
(UK), W. delaMare (Audrdia), R. Hewitt and E. Hoffman (UsAa) and E. Murphy and Mr M. Stein
(Invited Experts).

DATA AVAILABILITY AND PREPARATION

4, The data required for the workshop to proceed were outlined in SC-CAMLR-XII, paragraph
2.30. This section describes the available data and their preparation for the meeting.

5. Krill acoudtic survey data were avallable from the BIOMASS experiments which covered the
following aress.

FABEX:  Odissey - small areanorth of South Georgia, and another to the east of Subarea 48.2.
Dr Eduardo L. Holmberg - western Subarea 48.2, including areas to the west and north
of the South Orkneys.
Walther Herwig - large area overlapping Subareas 48.1, 48.2 and Divison 41.3.2 north
of the Convention Area.
Itzu Mi - Drake Passage and Brandfield Strait.

FIBEX cruisestook place from January to March 1981.



SBEX 1. Polarstern - area surrounding Elephant I1dand; October to November 1983.
Professor Sedlecki - Drake Passage and Brandidd Strait south to Anvers Idand,
December to January 1983/84.

SBEX 2. John Biscoe - Drake Passage and Brandfidd Strait south to Anvers Idand; January to
February 1985.
Capitan Alcazar - Bransfield Strait; January to February 1985.
Walther Herwig - Peninsula south to 68°S; March to April 1985.
Polarstern - around Elephant 1dand; November to December 1984.

6. These data were prepared prior to the meeting by the Data Manager usng the same
techniques as have been used in previous analyses (Ws-Flux-94/4) (see also Trathan et al. (1992))1.
The data avalable to the workshop were therefore latitude, longitude, krill dendty, integration
interva distance, top and bottom integration depths and a day/night flag for each integration interva
stored in the database. Most data sets had integration depths of 150 to 200 m.

7. Data on current velocity were available from two sources:

 a dngle time dice (FR2191) of the FRAM (Fine Resolution Antarctic Modd) was
provided at a resolution of 0.5° longitude x 0.25° latitude for Subareas 48.1, 48.2 and
48.3 south to 64.5°S by Dr Murphy. Data available were latitude, longitude, speed
(cm/sec) in northerly and easterly directions. Prior to use by the workshop, they were
converted to the standard latitude, longitude, direction and speed, averaged over the top
250 m; and

e geodtraphic current velocities derived from CTD samples were provided by Mr Stein
and Dr M. Naganobu (Jgpan). These data covered three years of sampling by
Germany off the Antarctic Peninsula (1986, 1987 and 1990), a number of samples from
Subarea 48.2 and two years sampling by Japan and Germany in the vicinity of the
Subarea 48.1/48.2 boundary (1988 and 1992). All data were provided in the standard
format of latitude, longitude, direction and speed, and averaged over the upper 200 m.
Maximum reference depth for the caculations was 800 m. Interpolated flow vectors for
the German data were presented in Ws-Flux-94/6.

1 Trathan, P.N., D.J Agnew, D.G.M. Miller, JL. Watkins, |I. Everson, M.R. Thorley, E. Murphy, A .W.A. Murray
and C. Goss. 1992. Krill biomass in Area 48 and Area 58: recalculations of FIBEX data. In: Selected
Scientific Papers (SC-CAMLR-SSP/9). CCAMLR, Hobart, Australia: 157-181.



8. Figure 1 shows the extent of dl these data sets together with krill catch didribution by fine-
scale area

ANCILLARY DATA

9. A number of additional data sources were available to the group, including passive tracer
dreamlines derived usng the FRAM (WS-Flux-94/9), ship displacement trgectories (Ws-Flux-94/10),
buoy paths (Ws-Flux-94/8) and iceberg drift paths (W s-Flux-94/6).

10.  Latitude, longitude and date of buoy positions were extracted from Figure 8 of Ws-Flux-94/8,
and average speeds between consecutive poditions were caculated. A comparison of these data
with hydrodynamic datais presented in Table 1.

11.  lceberg drift speeds in Ws-Flux-94/6 did not contain any information on direction. Average
speed across boundaries of subareas (see paragraph 13) was nonethel ess calculated for comparison
with other data. On the basis of Figure 1 in ws-Flux-94/6, a generd direction of 30° was assumed.
Reaultsare givenin Table 3.

ESTIMATION OF KRILL AND WATER TURNOVER AND RESIDENCE TIMES

Generd Methodology

12.  Kiill flux and resdence times were cdculated following the methods detailed in Appendix D
of sSc-CAMLR-XI1, Annex 4, and applied and developed in WG-Flux-94/15.

13.  Inward flows into an area were termed as postive and outward flows as negative. The flux
of krill V,, across a boundary of an area was expressed as the product of the profile of krill density

aong a boundary and the profile of water transport across that boundary.

Vo =adf, 1)
i=1
where n = number of intervas dong a boundary
d, = dengty of krill in eachinterval (t km?)

—h
1

water transport across each interval (ke hrt)



The krill influx was given by adding together the values for the inflow boundaries
&
V,= 4V, )
V>0

where b isthe number of boundaries, and the tota efflux

b
V.= aVv,, ©)

V<0

Residence times (days) based on the inflow or outflow were caculated by dividing the krill biomass
in the area by the rlevant flux.

Inflow-based resdence time

-8B
R =y @

Outflow-based resdence time
R, =~ )

where B = krill biomass (tonnes).

14.  Smilar formulae were used to caculate water replacement times using water flows and water
volumein the areain place of krill flux and biomass.

Calculation of Flux Rates and Residence
Timesin Subareas 48.1, 48.2 and 48.3

15. A number of small boxes were defined within subareas, using criteria such as data coverage
and natura boundaries of oceanographic features and krill distribution (Figure 2).

16.  Krill and water flux across each of the boundaries of the boxes defined in Figure 2 was
caculated using programs developed by the Secretariat (Ws-Flux-94/4). Kirill dendty dong eech
boundary and water speed normal to that boundary (i.e., directly across the boundaries) were
caculated at interpolation points at intervals of 5nmiles dong the boundary by weighted averaging
of nearest data using the computer program described in Ws-Flux-94/4. Weighting was by inverse
distance and, for acoudtic data, integration interval distance. For krill density calculations, dl data



within a 30 n mile radius of an interpolation point were used, whereas for water flow the nearest nine
data points were used.

17.  This procedure was used for dl acoudtic data, the FRAM data and some of the CTD data.
Some water flow vectors, however, were calculated directly from lines of CTD gaions usang linear
interpolation because boundary effects rendered the inverse distance procedure unsuitable.  Only
those acoudic integration intervas teken during daylight hours were used for krill dengty
cdculations.

18.  Kirill dendgty boundary vectors were cdculated for AIBEX, SBEX 1 and SIBEX 2 data
separately. Water flow vectors were calculated for the FRAM data set and for the separate years of
avallable geostrophic flow data. Figure 3 shows an example of krill density and flow vectors dong a
boundary (boundary 8, between boxes D and F). Krill and water flux across the boundary were
caculated smply asthe product of these vectors (t hr-t and ke hr1).

19. Table 3 gives water flow rates across each of the boundaries in Figure 2, caculated usng a
number of data sets. The results d cdculaions of flux, usng dl the available combinaions of
acoudtic data and hydrographic data are given in Table 4.

20.  Inorder to cdculate krill resdence times, an estimate of the total biomass of krill in a box
was required (paragraph 12). Similarly, for cadculation of water resdence times, totd effective
volume of water in abox was required.

o For krill, mean krill dengty (g m2) in each box was cdculated usng asmple mean of dl
acoudtic dengty data in that box, weighting by integration distance (Table 5). For this
reason, biomass estimates in Table 5 are dightly higher than those cadculated by Trathan
et al. (1992) using a transect-based method.

* For water, the rdevant depth of the water column was taken to be 200 m for CTD
derived data and 250 m for FRAM data.

21.  Equations for caculation of resdence times from a combination of boxes were developed
(Attachment D) and used to calculate residence times for both water and krill for individua boxes
(Table 6) and groups of boxes (Table 7).



Reallts

22.  Genedly, water flux vaues derived from the FRAM modd were up to four times larger than
those obtained from direct observations. This might reflect the incorporation of wind-induced
surface currents to the model. The flux rates derived from observed data represent only the
geostrophic component of the current field, based upon the given verticd dendty fidd. Additiond
andyses of the actud windfiedd data, as collected during the CTD measurements, should be
undertaken to estimate the amount of wind-driven surface currents.

23.  There was some seasond variability in the estimates of water flow from the CTD datawhich
was not resolved by the sngle time dice from FRAM. A further discrepancy was that the
southwestward flowing Antarctic Coastal Current was not apparent in the FRAM data.

24.  The only area of consgtency between FRAM and observationa data seems to be in the
Brandfidd Strait. Data derived from direct observations indicate that the inflow and outflow were
balanced for this area.  However, inflow and outflow were not balanced in the FRAM data. This
might reflect the fact that water mass transport in the region is mostly confined to the upper hundreds
of metres since the deep parts of the Brandfidld Strait are blocked by ridges. These topographic
features prevent deep reaching, consstent flow to the northeast and are not well described in the
FRAM modd.

25.  Concerning inflow and outflow of individua boxes cdculated from the FRAM data, boxes A,
D, F and H might serve as examples where for the upper 200 m the influx of water massesis fairly
condstent with the outflow.

RECOMMENDATIONS AND FUTURE WORK

26.  Discusson of the significance of these results, recommendations to the Scientific Committee
and suggestions for future work was left to the wGKrill megting.

CONCLUSION

27.  The Charman thanked dl participants for a hard-working and successful workshop.



Tablel:

Ancillary dataon buoy speeds (derived from W S-Flux-94/8).

Section Direction Buoy Speed FRAM Average Sub-section
(cm/s) Speed (cm/s) Coordinates
3 151.6° -130 83 61-615W
3 151.6° 114 121 59.9 - 61W
6 Q° 203 79 61.05-612S
7 0° 46 35 539-542W
7 0° -129 25 53-539W
14 0° 103 09 51-512W
14 0° 64 22 499-51W
Table2:  Areasand boundariesfor the regions shown in Figure 4.

Region Boundary Sections Area (knm?)
A 0,2,3b,3 39 466
B 1,24 31106
C 4,5,10 30465
K 33,3b, 5,6 45739
D 6,7,8,9 40759
E 9,10, 11, 12 22 206
F 8,12, 15,13, 14 56 448
G t1, t2, t3 30343
H 13, 22,24, 25, 23,21 70852
I 24, 26, 28, 27 50 149
J 31,32,33, 34 34452




Table 3: Water flow rates (cm sec’l) across boundaries shown in Figure 2, from the FRAM data set, a number
of hydrographic datasets (CTD samples) and iceberg track data. Negative flows are in a direction
diametrically opposite to that shown.

Section Distance Fow FRAM CTD CTD CTD CTD CTD I ceberg
(nmiles) Direction 1986 1987 | 1988 1990 1992

0 80 64.0 81 17 01 52

1 50 64.0 39 -11 -01 -02

2 140 59.3 0.2 0.2

3 150 1519 03
3a 185 61.3 14
3b 75 68.7 88

4 80 70.9 7.7 6.8 7.3

5 35 0 56 26

6 120 0 8.6 38 44 48

7 100 0 38 55

8 120 0 113 23 04 31

9 9%5 0 6.8 01 99
10 50 0 31 6.0 71
11 55 0 52 70
12 70 0 03 13 33
13 190 0 7.2 43
14 0 0 16 5.7
15 80 0 16 73
t1 190 0 28 5.7
t2 215 65.4 -1.2
t3 0 0 32 50 56
21 120 0 89 28
2 100 0 -2.6 95
23 0 0 04 130
24 110 0 9.7 32 16 34
25 95 0 49 19 53
26 130 0 6.7 83
27 120 0 32 50
28 110 0 59 31 35
31 40 0 -2.8
32 125 0 39 91
33 9% 0 -59 55
A 55 180 -2.8




Table 4:

Apparent krill flux and water flow rates across sections for various combinations of krill survey and
oceanographic data sets. Negative fluxes are in adirection diametrically opposite to that shown.

Section Data Set Direction Krill Flux Water Flux
(°) (tonnesh-y) (kreh-t

0 SIBEX 2*FRAM 64.0 80.8 8.7
SIBEX 2*(G86 174 18

SIBEX 2*G87 1.0 0.2

SIBEX 2*G90 52.7 55

1 SBEX 2*FRAM 64.0 30.6 26
SIBEX 2*G86 -10.7 -0.7

SIBEX 2*G87 -3.0 -0.1

SIBEX 2*G90 -4.5 -01

2 SIBEX 1*FRAM 329.3 432 -04
SIBEX 1*G90 -89 -04

SIBEX 2* FRAM -15 -04

SIBEX 2*G90 -154 -04

3 FIBEX*FRAM 3319 13 -05
SIBEX 2*FRAM 16.7 -05

3a FIBEX*FRAM 3313 831 -3.3
SIBEX 1*FRAM -39.1 -3.3

SIBEX 2*FRAM -285 -3.3

3b FIBEX*FRAM 68.7 664.1 8.8
SIBEX 1* FRAM 861.1 8.8

SIBEX 2*FRAM 195.1 8.8

4 FIBEX*FRAM 70.9 6005.4 8.2
FIBEX*G87 3787.6 73

FIBEX*G90 48339 78

SIBEX 1*FRAM 206.7 8.2

SIBEX 1*G87 2305 7.3

SIBEX 1*G90 2341 7.8

SIBEX 2* FRAM 5305 8.2

SIBEX 1*G87 3245 7.3

SIBEX 2*G90 3788 78

5 FIBEX*FRAM 0 511.4 26
FIBEX*G90 151.3 12

SIBEX 1*FRAM 18.0 2.6

SIBEX 1*G90 129 12

SIBEX 2*FRAM 1685 2.6

SIBEX 2*G90 94.2 12

6 FIBEX*FRAM 90.0 619.7 138
FIBEX*G86 980.2 6.0

FIBEX*G87 1309.2 71

FIBEX*G90 1438.0 7.6

SIBEX 1*FRAM 93.0 13.8

SIBEX 1*(G86 324 6.0




Table 4 (continued)

Section Data Set Direction Krill Flux Water Flux
(°) (tonnes h-1) (kméhd)

SIBEX 1*G87 389 7.1

SIBEX 1*G90 382 76

SIBEX 2*FRAM 3120 138

SIBEX 2*G86 166.3 6.0

SIBEX 2*G87 2132 71

SIBEX 2*G90 2155 76

7 FIBEX*FRAM 0 1007.6 51
SIBEX 1* FRAM 50.8 51

SIBEX 2*FRAM 58.7 51

8 FIBEX*FRAM 90.0 3556.1 18.1
FIBEX*G86 741.8 3.7

FIBEX*G20 153.0 0.6

SIBEX 1*FRAM 0 18.1

SIBEX 1*G86 0 37

SIBEX 1*G90 0 0.6

SIBEX 2*FRAM 0 181

SIBEX 2*G86 0 37

SIBEX 2*G90 0 0.6

9 FIBEX*FRAM 0 3826.3 8.7
FIBEX*G20 431 0.1

SIBEX 1*FRAM 26.3 8.7

SIBEX 1*G90 04 0.1

SIBEX 2*FRAM 2514 8.7

SIBEX 2*G90 22 0.1

10 FIBEX*FRAM 90.0 1462.1 21
FIBEX*G87 3790.5 5.6

FIBEX*G20 49329 6.7

SIBEX 1*FRAM 84 21

SIBEX 1*G87 287 56

SIBEX 1*G90 34.8 6.7

SIBEX 2*FRAM 824 21

SIBEX 2*G87 210.6 5.6

SIBEX 2*G90 258.0 6.7

11 FIBEX*FRAM 0 2538.3 3.8
SIBEX 1*FRAM 338 38

SIBEX 2*FRAM 153.1 3.8

12 FIBEX*FRAM 90.0 172.2 0.3
FIBEX*G90 652.0 13

13 FIBEX*FRAM 90.0 2566.2 183
14 FIBEX*FRAM 2044 19
15 FIBEX*FRAM 782 17




Table 4 (continued)

Section Data Set Direction Krill Flux Water Flux
(°) (tonnes h-1) (kméhd)
11 FIBEX*FRAM 0 449.8 7.1
t2 FIBEX*FRAM 335.8 1458.0 34
t3 FIBEX*FRAM 90.0 2546.7 39
FIBEX*G88 3969.1 5.6
21 FIBEX*FRAM 0] 1712.8 14.3
FIBEX*G88 354.6 27
22 FIBEX*FRAM 180.0 2554.9 35
23 FIBEX*FRAM 0 6596.9 05
24 FIBEX*FRAM 90.0 13308.7 14.2
FIBEX*G88 3052.0 47
FIBEX*G92 2074.6 24
25 FIBEX*FRAM 90.0 11406.3 6.2
FIBEX*G92 5295.9 24
26 FIBEX*FRAM 1564.3 11.7
27 FIBEX*FRAM 31169 52
28 FIBEX*FRAM 90.0 1898.2 8.6
FIBEX*G88 1322.9 46
31 FIBEX*FRAM 270.0 179.6 15
32 FIBEX*FRAM 0 1002.3 6.6
33 FIBEX*FRAM 270.0 1889.1 75
A3 FIBEX*FRAM 0 1553.8 21




Table5:

Biomass estimates for the regionsin Figure 2 from the various surveys.

Region Biomass from Survey (000s tonnes)
FIBEX SBEX 1 SBEX 2

A 54 722 116
B 3502 262 187
C 2178 226 525
K 1924 155 229
D 7848 107 274
E 2531 50 162
F 1907 - -
G 1764 - -
H 10265 - -
I 2495 - -
J 1725 - -




Table6:

Apparent krill and water retention times in the regions based on both influx and efflux rates, for
various combinations of survey and oceanographic data sets.

Region Data Set Water Retention Time (days) Krill Retention Time (days)
Influx Efflux Influx Efflux
A SIBEX 2*FRAM 4.7 44.8 60.0 221
B SIBEX 2*FRAM 1082 39.7 2053 14.7
FIBEX*FRAM 338 67.1 151 46.0
SIBEX 1*FRAM 45.6 355.7
SIBEX 2*FRAM 41.3 87.2
FIBEX*G90 324 322 188 179
SIBEX 1*G90 40.2 197.3
SIBEX 2*G90 57.8 62.1
K FIBEX*FRAM 323 345 68.2 1141
SIBEX 1*FRAM 70 69.5
SIBEX 2*FRAM 244 30.6
E FIBEX*FRAM 39.2 258 264 264
SIBEX 1*FRAM 49.7
SIBEX 2*FRAM 28.7
FIBEX*G90 1706 1518
D FIBEX*FRAM 189 183 736 717
SIBEX 1*FRAM 374 87.8¢
SIBEX 2*FRAM 20.3 195.1*
FIBEX*G90 440 220.8
SIBEX 1*G90 1155
SIBEX 2*G90 52.6
F FIBEX*FRAM 292 2.1 209 287
G FIBEX*FRAM 44.6 437 1634 184
H FIBEX*FRAM 333 36.1 319 17.3
I FIBEX*FRAM 269 25.8 6.3 300
J FIBEX*FRAM 37.7 44.2 209 60.8

* No krill density estimates were available on section 8 for SIBEX 1 and 2 (see second page of Table 4,
column 4). Therefore these retention times are probably biased upwards.

Table7: Apparent krill and water retention timesin combined regions based on both influx and efflux rates, for
various combinations of survey and oceanographic data sets.

Combined Data Set Water Retention Time (days) Krill Retention Time (days)
Regions Influx Efflux Influx Efflux
ABKCDE SIBEX 2Z*FRAM 1155 93.0 2127
KDCEF FIBEX*FRAM 79.0 804 736 176.9
KCDE FIBEX*FRAM 60.2 61.7 65.5 1252
SIBEX 1*FRAM 19.7
SIBEX 2*FRAM 547
Hi FIBEX*FRAM 46.1 476 3R2 35.8
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RETENTION/RESDENCE TIMES

1-BOX SYSTEM - Example

foo ® Vi ® fo

V, volume (e.g., water volume) in box 1 (eg., kn®)

fo; = input from ‘outsde into box 1 (eg., in kne/day)

f.o = outflow from box 1 to the ‘outsde (eg., in kne/day)
The subscript ‘O’ refersto ‘outsde

_for
T, turnover for box 1 =

Vi

V
r residencetimein boxlzf—l (eg., indays)
o1

2-BOX SYSTEM - Example

fOl ® Vl V2 ®

Vsand fsasabove: dl fs>O0(if f; <O P f; =-f;to get apodtive flow)

V
residencetimein box 1 :f—l
o1

-
.
]

resdencetimein box 2 =

_‘
N
1

f12 + f02

If we ignore the subdivison then the overdl R (resdencetime) is

ATTACHMENT D



=(v1+v2): Vi o,V
fOl + f02 fOl+ f02 fOl + fOZ

Canwewrite Rintermsof r, andr,?

Yes,

Vi b, Vo g tfy
f +f02 efOlg fOl+ fOZ ef12+f02

R=

which can bere-organised as.

V1 ® fy, O Vs oef;, + f029
f01 f01 + f02 QI f12 + foz f01 + fozg
_ Irlae for g+ Ir2aef12 +fo, g
gfof" for & gfm"’ for
cdl thisw, cdl this w,
=T 2W + 1, W,

wherethe w;, w, are cdled pooling weights.

Note:

() any weight can belessthan or greater than 1 (e.g,, if f,, > fo; then w, will be > 1);

@M R=r,+r,onyif w, =1 and w, = 1, i.e. resdence times in the boxes can only be added
directly, that is unweighted, when f,, = 0 and f,, = f,,.

N-BOX SYSTEM. GENERAL CASE

Py
I
Qo

m
-

N
whereeach r, :V/é_ f
j=0

adw = A f /é“ Pz dl inputstobox i (from ' anywhere')
! 2‘0 I J-az‘l 9 dl inputstothesysemfrom  OUTSIDE (N boxes)



APPENDIX E

INITIAL CONSDERATION OF METHODSTO INCORPORATE
KRILL FLUX INTO THE CALCULATION OF CATCHLIMITS

Consder a connected set of n management areas as shown in the figure below, with a net
clockwise flux of krill a congant rate f. We wish to find away of dlocating catch limits such that
ayt gg B where y; isthe limit set in each areaand B, is the unexploited biomassin areai. To

i=1

illustrate the factors to be considered, let us suppose that areas 2, 3 and 4 each contain one fishing
ground at F,, F; and F, respectively. Lett; ., bethe average time taken for krill to travel from F, to
F+1. Let thelength of the fishing season bet.

flux

If thereis no fishing immediatdy upstream of F, and ignoring production which occurs during
the fishing season, the potentia yield which can be taken on this ground is given by

Y, = oft )
By definition the average resdence time in areali is

T=3 @

where S = stock biomass in areai, and hence

t
Y= ®



The esimate can be inflated in the ratio t/T,. This means, however, that the potentid yield
from at least part of one or more areas upstream has been alocated to area 2. Therefore upstream
areas cannot be fished until upstream of the point where

gassy,
i 1 {contiguousareas upstreamof ~ 2}

(4)

If it is assumed that Y, is dl taken in fishing ground F,, then the limit in area 3 is that part of
this stock not fished in the span between F, and F;; given by

Y; = gfd,;
where
d,z=1,5 ; Ta <t
d,,=t St =t
Smilaly
Y, = dofd,,

and s0 on until the area is reached from which fishing must be excluded in accordance with (4)
above. Therefore

é-Yi :gfé- din ©)

i=1n
Thetota yidd which we dlow to be taken is

Y=gaB (6)
which can be written as

Y=ofaT



and hence
avey,
which meets the basic requirement.

Now consder what happens if we ignore the effects of flux. Clearly the totd yield is il
given by equation (6). Theyiddin areai isgiven by:

Y, =9.S (7)

For areas 2, 3 and 4, the tota yield taking flux into account is

L T 0
Y2,3,4 - gf ét + S-zdi,iﬂﬂ
Clealyif
3 3
t+adq..»aT (which requirestha T, <t), 8
i=2 i=2
then

4 4
Y2,3,4» of é T » gé fT,
i=2

i=2

and, subgtituting equation 2,
3
Y3420 az S

which is the yidd cdculated if the flux factor is ignored (equetion 7). The only component of
potentid yield missed is due to the difference between the biomass not incorporated from the
upstream side and any biomass surveyed downstream of the fishing ground in area 4. Thisisthe



goproach currently taken for Statistica Area 48 where the gpproximation given in (8) is assumed to
hold.

In summary, if the unmodified rule, i.e. ignoring flux, is used globdly, the totd precautionary
catch limit is correct. If the flux factor is taken into account, some areas may have the catch from
upstream areas added into them, with the proviso that no other catches can be taken from those
upstream areas.  The alowable catch in downstream fishing grounds depends on the average time
taken for krill to be transported from the upstream ground to the downstream ground, and whether
there is some ‘unused’ catch from the upstream ground available for catching a the downstream
ground. However, given that rdiable data on the average time taken for krill to move between
fishing grounds is not yet avallable, and noting that for a series of contiguous areas the overd| results
from not taking flux into account may not dffer by rdativdy much, it should be sufficient, but
consarvative overdl, to proceed by making no corrections for krill flux. This is because in
contiguous aress, the flux-modified limits may result in changed dlocation between aress, but within
atotd which isonly modified by addition from the flux into the one area a the upstream end.



APPENDIX F

FULL RESULTSFROM THE REEANALYSS
OF RECRUITMENT PROPORTION

(paragraph 4.64)

TableF.1: Proportions of recruits for a range of net surveys obtained by fitting mixture distributions (using
method of delaMare, 19941). R(1) isthe proportion of recruitsto the population age 1+.

1-Y ear-Old Recruitment

Survey R(1) Std. Error CV of Length-at-age
HEFX 0.142 0.0347 0122
NDFX 0.167 0.0468 0.096
SIFX 0.370 0.0422 0.153
NDS2 0.528 0.0475 0.117
ADBEX1 0.001 0.0010 0.117
ADBEX2 0.016 0.0273 0.087
AAMBER 0.025 0.0174 0.085
AA2 0.314 0.0113 0.150
KROCK 0.064 0.0269 0.103
GER1978 0.043 0.0653 0.074
GER1982 0.936 0.0025 0.100
GER1983 0.937 0.0156 0.105
GER1984 0114 0.0463 0.114
GER1985 0.027 0.0441 0.095
GER1986 0.317 0.0217 0.113
GER1987 0.863 0.0417 0.152
GER1989 0.057 0.0390 0.095
KMS1 0.001 0.0031 0.100

2-Y ear-Old Recruitment

Survey R(2) Std. Error CV of Length-at-age
MDFX 0.286 0.0645 0.071
HEFX 0.360 0.1183 0.096
NDFX 0.096 0.0592 0.091
SIs1 0.968 0.0540 0.169
NDS2 0.320 0.0560 0.157
NDS2 0431 0.0877 0.119
ADBEX1 0.561 0.0851 0.110
ADBEX2 0.557 0.2715 0.084
AAMBER 0.231 0.1300 0.084
AA2 0.556 0.0063 0.083
KROCK 0.020 0.1307 0.095
GER78 0.109 0.1130 0.106
GER&4 0.827 0.0557 0114
GERS5 0.099 0.0572 0.064
GERS6 0.982 0.0323 0.1%4
GER89 0.465 0.0370 0.065
KMS1 0.211 0.283 0.106




TableF.2: Summary statistics.

1+ 2+ Combined
Number of estimates 18 17 35
Mean R estimate 0.404 0.557 0.415
Standard error 0.012 0.010 0.006
Standard deviation 0.456 0.126 0.442
CV of distribution 1128 0.226 1067

Figures demonstrating goodness of fit for each data set are held at the Secretariat.

1 delaMare. 1994. Estimating krill recruitment and its variability. CCAMLR Science, Vol. 1. 55-69.





