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REPORT OF THE WORKING GROUP ON
ECOSYSTEM MONITORING AND MANAGEMENT
(Bremerhaven, Germany, 1 to 10 July 2013)

INTRODUCTION
Opening of the meeting

1.1  The 2013 meeting of WG-EMM was held at the German Shipping and Maritime
Museum, Bremerhaven, from 1 to 10 July 2013. The meeting was convened by
Dr S. Kawaguchi (Australia) and local arrangements were coordinated by Dr S. Hain from the
Alfred Wegener Institute (AWI), Helmholtz Centre for Polar and Marine Research, with
support from the German Federal Ministry of Food, Agriculture and Consumer Protection.
The meeting was opened by Prof. K. Lochte, Director of the AWI.

1.2 Prof. Lochte welcomed the Working Group to its first meeting in Germany, and noted
WG-EMM’s wide remit for scientific assessments and the development of management
advice on the status of Antarctic marine ecosystems and on aspects of spatial protection,
including marine protected areas (MPASs) and vulnerable marine ecosystems (VMES). In
particular, this latter aspect was of special interest to the AWI, as the institute is currently
carrying out scientific analyses for a German proposal for a CCAMLR MPA in the Weddell
Sea. The first conceptual outline of this project was presented in WG-EMM-13/22 and the
AWI would welcome contributions and input from working group experts to this work.
Prof. Lochte wished the Working Group a successful and productive meeting and all
participants a pleasant stay in Bremerhaven.

1.3 Dr Kawaguchi welcomed the participants (Appendix A) and outlined the work for the
meeting. The agenda focused on the krill-centric ecosystem and issues related to the
management of the krill fishery and spatial management (MPAs and VMESs). An evening
colloquium was held at the AWI on 4 July 2013 entitled ‘Science and scientific research in
Antarctica under CCAMLR and at the AWI: A mutual information exchange’.

Adoption of the agenda and organisation of the meeting

1.4 The Working Group discussed the provisional agenda and agreed to expand item 2 to
include specific consideration of climate change (consideration of this is presented in the
future work section of this report). The revised agenda was adopted (Appendix B). Subgroups
were formed to address detailed aspects of the agenda.

1.5  Documents submitted to the meeting are listed in Appendix C. While the report has
few references to the contributions of individuals and co-authors, the Working Group thanked
all authors of papers for their valuable contributions to the work presented to the meeting.

1.6 The Working Group noted that the CCAMLR website had evolved into a very useful
and versatile meeting resource, and thanked the Secretariat for redeveloping the site.

157



1.7  Inthis report, paragraphs that provide advice to the Scientific Committee and its other
working groups have been highlighted; these paragraphs are listed in Item 5.

1.8 The report was prepared by Drs A. Constable (Australia), C. Darby (UK),
L. Emmerson (Australia), J. Hinke (USA), T. Ichii (Japan), K.-H. Kock (Germany),
D. Ramm, K. Reid (Secretariat), G. Skaret (Norway), P. Trathan, J. Watkins (UK) and
G. Watters (USA).

THE KRILL-CENTRIC ECOSYSTEM AND ISSUES RELATED
TO MANAGEMENT OF THE KRILL FISHERY

Issues for the present
Fishing activities
Summary report on the fishery
2011/12

2.1  Twelve vessels from six Members fished for krill in Subareas 48.1, 48.2 and 48.3 in
2011/12 and the total catch of krill was 161 085 tonnes (Subarea 48.1: 75630 tonnes;
Subarea 48.2: 29 040 tonnes; Subarea 48.3: 56 415 tonnes) (see WG-EMM-13/37 Rev. 1).
These catches did not trigger any closures in the fishery.

2.2  Norway reported the largest catches of krill with a total of 102 800 tonnes, the
Republic of Korea reported 27 100 tonnes, Japan reported a catch of 16 258 tonnes, Chile
reported 10 662 tonnes and the People’s Republic of China (hereinafter referred to as China)
reported 4 265 tonnes.

2.3  Most of the catch in 2011/12 was taken in four small-scale management units
(SSMU): 50 218 tonnes from South Georgia East (SGE); 28 832 tonnes from South Orkney
West (SOW); 28 657 tonnes from Bransfield Strait West (APBSW) and 20 424 tonnes from
Drake Passage East (APDPE).

2.4  The Working Group noted that catches were concentrated in a small number of fine-
scale rectangles (0.5° latitude x 1.0° longitude) within each SSMU (WG-EMM-13/37 Rev. 1,
Figure 3). As an example, in Subarea 48.3, fishing was highly concentrated, often occurring in
the same rectangle each season; there was also some evidence from analyses undertaken in
1996 that the fishery may move in a westerly direction along the South Georgia northern shelf
as the season proceeds. These areas fished in the winter also correspond with the summer
foraging grounds of some krill-dependent predators. Since scientific information on winter
krill abundance in all subareas in Area 48 is limited, the Working Group agreed that acoustic
data collected by fishing vessels would help understand patterns of krill abundance in the
areas fished.
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2012/13

2.5  Eleven vessels licensed from five Members (Chile, China, Republic of Korea, Norway
and Ukraine) fished for krill in Subareas 48.1, 48.2 and 48.3. The total catch reported to May
2013 was 151 161 tonnes, 86% of which was taken from Subarea 48.1. So far this season,
Chile has reported catching 2 028 tonnes of krill, China 23 934 tonnes, Korea 30 677 tonnes,
Norway 106 327 tonnes and Ukraine 2 507 tonnes.

2.6 The monthly cumulative catch of krill in the fishery reported to May 2013 is greater
than any of those reported to May in the past five seasons. Fishing has concentrated in
Bransfield Strait in SSMUs Bransfield Strait West (BSW: 81 631 tonnes to date) and
Bransfield Strait East (BSE: 17 553 tonnes). Subarea 48.1 was closed on 14 June and will
remain closed to krill fishing until the end of the season (30 November 2013). The total
reported catch in Subarea 48.1 at the time of the closure was 154 100 tonnes (99% of the
apportioned limit of 155 000 tonnes; see Conservation Measure (CM) 51-07).

2.7  The Working Group noted that it was the second time that the krill fishery had
triggered a closure in Subarea 48.1; the first occasion was in 2009/10 near the end of the
fishing season. The recent closure occurred in the middle of the fishing season, reflecting a
more rapid uptake of the catch during the first half of 2012/13. This more rapid uptake of
catch resulted from concentrated krill aggregations and favourable weather/ice conditions.

2.8 The Working Group noted that sea-ice extent is an important factor influencing the
location of the krill fishery. In 2012/13, sea-ice coverage was reported to be less extensive in
Subarea 48.1, where fishing was concentrated, whereas coverage was extensive in
Subarea 48.2, where relatively little fishing has been reported so far.

2.9  The Working Group agreed that it would be useful to have a consolidated summary of
information related to the krill fishery in a similar format to the fishery reports that are
completed for finfish fisheries in WG-FSA (www.ccamlr.org/node/75667). The Secretariat
agreed to coordinate the preparation of a draft krill fishery report for consideration at
WG-EMM-14 that would be similar in content to a finfish Fishery Report. It may include an
analysis of the history and spatial distribution of catches, including methods of conversion to
green weight, observer coverage and data collection, length-frequency distribution data and
information of by-catch, as well as an analysis of notifications for the forthcoming season. As
in a finfish Fishery Report, it would also summarise the current methodology for advising on
catch limits and the background to the parameters used in this process.

2.10 The Working Group considered that it would be useful to have this Krill Fishery
Report translated into the four official languages of CCAMLR and requested the Scientific
Committee and the Commission to consider this issue.

Notifications for the 2013/14 fishing season

2.11  Six Members submitted notifications for a total of 19 vessels intending to participate
in krill fisheries in 2013/14. The notifications are for trawl fisheries in Subareas 48.1, 48.2,
48.3 and 48.4; there was no notification for krill fisheries in Divisions 58.4.1 and 58.4.2, or
the exploratory krill fishery in Subarea 48.6. The total intended krill catch was 545 000 tonnes
(WG-EMM-13/37 Rev. 1, Table 7).
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2.12 The Working Group reviewed all notifications (CCAMLR-XXXI1/05 to XXXI1/10)
and confirmed that the required information had been provided. However, in line with the
development of the feedback management strategy, a more thorough and detailed review
process was conducted to facilitate the understanding of the krill fishery. The Working Group
sought clarification of specific elements (Table 1) and requested that notifying Members
submit any additional information to the Secretariat by 1 September 2013. In addition, the
Working Group also requested that Members provide information on the make, type and
frequencies of echosounders used on each vessel to assist with the development of the proof-
of-concept program (paragraphs 2.137 to 2.142). This additional information will be
appended to the original notifications.

2.13 The Working Group also reviewed the information requirements for notifications for
krill fisheries (CM 21-03, Annexes A and B). The Working Group agreed that:

(i) information requirements for net configuration should be strengthened, and
descriptions of trawl nets and seal exclusion devices should be submitted to
WG-EMM for review and subsequent inclusion in the CCAMLR fishing gear
library (www.ccamlr.org/node/74407), and relevant documents may be referred
to in subsequent notifications

(i) information on the relative amounts of product (% of catch), notified fishing
months, expected proportion of time for each fishing technique, and the simple
check-box to indicate the presence of mammal exclusion devices (this is a
mandatory requirement) should be removed.

The Working Group requested the Scientific Committee to consider these revisions for
notifications in 2014/15.

2.14 The Working Group noted that the revised guidelines for estimating green weight of
krill (Appendix D) will require the Secretariat to update the C1 data form for use in 2013/14.
The Working Group also requested that the Secretariat include examples of how to enter the
green weight estimation parameters in the C1 form. Such examples should be placed on the
CCAMLR website and would assist crew in completing the form.

Green weight

2.15 WG-EMM 13/41 and 13/42 Rev. 1 reported methods used for estimating green weight
and associated uncertainty on board Norwegian krill fishing vessels (Saga Sea, Antarctic Sea
and Juvel) and on board the Chilean krill fishing vessel Betanzos respectively. All vessels
produce meal and/or oil on board, and report direct measurements of green weight to
CCAMLR. Betanzos and Juvel both use flow meters (that measure the volume of krill and
water) to estimate catch, where green weight is estimated from a measured volume in a time
unit via a volume-to-mass conversion factor. On board the Saga Sea and Antarctic Sea, flow
scales (that measure the mass of krill and water) are used, in these cases the conversion
between measured catch weight and green weight is an estimate of the mass of krill remaining
once water has been removed. Both papers presented details about processing methods,
procedures for estimating catch and preliminary results.
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2.16 The Working Group welcomed the contributions in WG-EMM-13/41 and 13/42
Rev. 1 since such information was important for progressing the work on deriving uncertainty
estimates from the reported catch. Other Members engaged in the krill fishery were
encouraged to submit similar descriptions and analyses to WG-EMM-14.

2.17 The Working Group reviewed the guidelines for estimating green weight of krill
(CM 21-03, Annex B). The Working Group agreed that:

(1) some of the methods needed clarification regarding parameters needed for
estimation and estimation procedure

(i) some methods for green weight estimation used by some vessels, but not
presently included, should be added to the guidelines

(iii) information related to observation steps and frequency of observations should be
added.

2.18 The Working Group agreed that the revised guidelines more precisely address which
information was expected to be provided by the industry related to green weight estimation,
and requested the Scientific Committee to consider these revisions as part of the revised
notifications in 2014/15.

Scientific observation

2.19 Analyses of the scientific observer coverage during the 2011/12 fishing season were
presented in WG-EMM-13/38. During 2012 all 12 vessels that participated in the krill fishery
carried observers for some, or all, of their fishing operations. From a total of 860 vessel days
of fishing in 2012, observations of krill length measurements were collected on 375 days, and
fish by-catch from 34 taxa was measured on 554 days. The Working Group appreciated this
level of coverage and noted that the scientific observer coverage (79% of vessel months)
exceeded the minimum requirements in CM 51-06.

2.20 The monthly length frequencies of krill exhibited the greatest changes between months
in Subarea 48.1 when fishing occurred both in Bransfield Strait and to the west of the South
Shetland Islands. The Working Group noted that the choice of fishing location, resulting from
ice and weather conditions, appeared to be having an impact on the aggregated length
distributions and that this required more detailed information and analysis.

2.21 As the time series of data develops the influence on length-frequency distribution
resulting from fishing location, growth and recruitment should become clearer. In addition,
the Working Group noted that the length-frequency distributions from commercial fisheries
could also be compared with those recorded in the diet of predators and from research surveys
at appropriate time and space scales.

2.22 The Working Group welcomed the presentation of the spatial distribution of fish
by-catch in WG-EMM-13/38 and looked forward to further data collection by observers.

2.23 The Working Group recognised that differences in gear type, and consequently
sampling methodology, would require standardisation of the data before spatial CPUE and
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length frequencies could be fully utilised, but noted the outcomes of the discussion in
WG-EMM-12 (SC-CAMLR-XXXI, Annex 6, paragraphs 2.38 to 2.40) in which the effect of
vessel in that analysis on the length of krill caught was relatively minor compared to the
spatial and temporal effects of the fishing strategy.

Observer sampling

2.24 As an aid to progressing future discussions, the Working Group requested that the
Secretariat provide to WG-EMM in 2014 an analysis of the amount of data that has been
submitted for each of the forms in the krill observer logbooks in order to allow review of the
data availability, and as a basis for a review for the continued utility of the different data
collection strategies.

2.25 The Working Group recalled that it is the responsibility of the vessel to report fish
by-catch, and that of the observer to provide quantitative samples of the species composition.
The Working Group reiterated that the rationale for the observer fish by-catch sampling was
to obtain a quantified estimate of the fish by-catch through a structured sampling scheme
(SC-CAMLR-XXXI, Annex 6, paragraphs 2.42 and 2.43). Other fish by-catch that is not
recorded as part of the observer sampling process should be reported by the vessel as part of
the C1 reporting requirement.

2.26 A draft identification guide for fish by-catch in the krill fishery (WG-EMM-13/07)
was designed to assist observers in the identification of the most important fish by-catch taxa
as requested by WG-EMM-12 (SC-CAMLR-XXXI, Annex 6, paragraph 2.44). The Working
Group agreed that this guide provided a useful resource and noted the request from the
Secretariat for Members to provide identification material (including photographs) of
frequently reported taxa. Where possible, observers should identify by-catch to species level
but, recognising that in some cases this was a specialist task, identification to the family level
may be more appropriate.

2.27 The Working Group discussed the data collected by observers noting that some
observers did not report fish by-catch while some fish by-catch reports included invertebrate
by-catch. The Working Group requested those Members with vessels not providing fish
by-catch to investigate the reasons why this is not occurring. It also asked those Members
collecting information on invertebrate by-catch to provide a paper describing the reasons for
the work, the protocol and results in order to allow WG-EMM to consider the desirability of
expanding this aspect of observer data collection.

2.28 It was noted that length data on both finfish and krill were collected by observers but
that the current krill observer logbooks required the measurement of krill to be recorded to the
nearest mm below and finfish to the nearest cm below. Given that the majority of the fish
by-catch is <5 cm in length, the Working Group requested that the K10(ii) form be revised to
require fish lengths to be recorded to the nearest mm below.

2.29 WG-EMM agreed that it could be potentially useful to collect additional information
on fishing behaviour, such as the reason for changing local fishing grounds (e.g. ice
conditions and salp concentration), in addition to the information recorded on form K8 which
is for large-scale movements across areas and subdivisions. Information on vessel movements
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among fishing grounds could be linked to the analysis of VMS described in
paragraph 2.86(ii). Such information would be linked to the work of SG-ASAM which may
ask for additional information to be collected dependent on its requirements. Dr Kawaguchi,
as Convener of WG-EMM, undertook to coordinate this.

2.30 The Secretariat is developing a standard algorithm for reporting on data quality from
the observer scheme logbook forms (WG-SAM-13/40). As part of this process, the Secretariat
had requested that, if observers were to add additional rows or columns to logbook forms,
these should be added at the right-hand side or bottom of the form and not in the middle of the
form.

Krill biology, ecology and management
Krill distribution and abundance

2.31 WG-EMM-13/40 presented preliminary results from the first cruise in the five-year
winter oceanographic and biological sampling program of the US AMLR Program. Acoustic
estimates of Antarctic krill density were obtained for ice-free areas only and were extremely
low (0.79 g m™ using the CCAMLR-approved method). Net sampling revealed that ice krill
(Euphausia crystallorophias) was found only within the ice-covered areas, while Antarctic
krill (E. superba) and bigeye krill (Thysanoessa macrura) were found in both ice-covered and
ice-free areas but were more abundant in ice-covered waters. The length-frequency
distribution of E. superba was similar in both ice-covered and ice-free regions with a modal
length of 22 mm. The energy density of Antarctic krill and T. macrura was greater in winter
than in summer.

2.32  The Working Group discussed whether the depth distribution of the large krill would
change between winter and summer and agreed it would be appropriate to sample deeper than
the 170 m maximum net depth used in WG-EMM-13/40.

2.33  WG-EMM-13/24 presented results from a survey of Antarctic krill populations in the
outflow regions of the northwestern Weddell Sea in January—March 2013. Antarctic krill
densities estimated from net samples were found to be highest in the western Peninsula region
and lower in ice-covered Weddell Sea waters. The overall krill density was below the long-
term average for the area and the stock was dominated by two- and three-year-old krill (mode
35 mm). The largest krill were found in the deep water north of the South Shetland Islands,
however, such krill were low in abundance and spawning appeared to be late and poor, likely
leading to very poor survival of the resulting krill larvae.

2.34 The Working Group noted that these two surveys overlapped in areal coverage and
therefore provided an opportunity to compare winter and summer conditions which was very
valuable. Thus, for instance, the dominant winter mode of 22 mm krill had grown to form the
dominant mode of 35 mm krill observed in the summer. In addition, there was a striking
scarcity of large krill found in both surveys.

2.35 The Working Group emphasised the importance of undertaking winter surveys and
particularly welcomed the development of a winter program in this area, especially now that
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the commercial fishery had moved to a winter-focused operation. Such surveys also provided
opportunities for further collaboration, and the Working Group welcomed and encouraged
comparisons with winter and summer surveys.

2.36 It was noted that, while the krill densities estimated from these research surveys
appeared to be low, the catch in the commercial fishery was one of the highest taken in this
subarea. In summer 2013, commercial fishing vessels operated close to the German research
vessel sampling in the Bransfield Strait.

2.37 The Working Group noted that there was a large degree of similarity in the krill
length-frequency distribution derived from the CCAMLR Observer measurements and the
research vessel for this period, and that this may have positive implications for surveys
conducted by fishing vessels. The Working Group agreed that, while such a concordance
suggested that the size selectivity of the fishing vessels in this comparison was similar to that
of the research vessel, it did not imply that all fishing vessels have the same net selectivity.
The Working Group also recalled the analysis from last year (paragraph 2.23) where vessel
effect had a very small influence on variation in the length-frequency distributions from krill
fishery observer data.

2.38 The Working Group noted that WG-EMM-13/40 reported problems undertaking
quantifiable ship-board acoustic measurements in the ice-covered areas. Sampling in ice-
covered areas is technically challenging, requiring the development of techniques often
different from those used in ice-free areas. The Working Group noted that new technologies,
such as remote and autonomous vehicles, drop-cameras etc., were being developed in a
variety of fora both inside and outside CCAMLR and it was important to be able to make use
of, and assess, these different technologies.

Multi-year abundance analyses

2.39 The interannual variability in abundance and biomass of krill using the 15-year time
series of acoustic observations undertaken in the Western Core Box survey area at South
Georgia was presented in WG-EMM-13/14. The krill identification and biomass estimation
using the CCAMLR-approved method produced maximum densities in 500 m sampling
intervals greater than 10 000 g m™. The overall mean krill density determined each year was
very sensitive to the number and density of the densest krill swarms detected. Years of
moderate to high overall krill density (>30 g m™) were interspersed with years (1999—2000,
2004, 2009-2010) of low density (<30 g m™).

2.40 The Working Group noted that the interannual pattern of variation in median values of
krill density presented in WG-EMM-13/14 was different from the pattern of variation in mean
krill density. The Working Group suggested that the differences in interannual variation
between the mean and median krill density, and the implications for understanding predator
response indices, should be evaluated.

2.41 The Working Group noted that the analysis in WG-EMM-13/14 was based on a spatial
scale of 500 m and that this was likely to be a key spatial scale at which many of the krill
predators would operate. Therefore, the presentation of acoustic estimates at this scale was to
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be encouraged in order to develop a better understanding of the spatial and temporal
variability of krill swarms and aggregations at scales relevant to foraging predators.

2.42  The Working Group also noted that the underlying patterns of krill swarm aggregation
dynamics were also extremely relevant to the understanding of how fishery indices (such as
CPUE) may be used to characterise krill biomass distributions.

Length-frequency distributions to determine growth and recruitment

2.43 WG-EMM-13/39 described interannual and spatial variability in estimates of growth
derived from length-frequency distributions of the omnivorous euphausiid T. macrura. Two
surveys (conducted one month apart) per year were undertaken by the US AMLR Program
from 1995 to 2011. Here, growth is estimated for four years with very different temperature
and primary production characteristics; in each cruise, stations were grouped into warmer
Antarctic Circumpolar Current (ACC) and colder Weddell Sea categories. Growth rates were
higher in the ACC water than in Weddell Sea water in all four years, showing a strong
correlation with temperature, but no correlation with chlorophyll-a concentration.

2.44 WG-EMM-13/P01 presented a general method for estimating a growth model from
length-frequency samples collected from a single population on two separate dates. This
method is then applied to the 19-year krill length-frequency data series of the US AMLR
Program. These growth estimates align closely with existing growth rates for Antarctic krill
but the new estimate rates show high between-year variation in annual growth. These growth
rate variations correlated with chlorophyll-a concentration but large amounts of variation of
growth is unexplained by environmental correlates.

245 WG-EMM-13/23 described a sensitivity analysis using a simple individual-based
model of krill population dynamics to investigate length-based recruitment indices and their
potential use with the krill length-frequency data collected from the krill fishery. The model
tested the effect of plausible ranges of growth, mortality and recruitment rates on length-based
recruitment indices. The results of the sensitivity analysis indicated that all of the indices of
annual recruitment tested were at least as sensitive to changing recruitment as they were to
mortality and/or growth. Furthermore, since the population size structure at a given time was
the result of a mixture of several annual cohorts, using such indices to quantify the intensity
of a given recruitment event would need to take into account the magnitude of previous
recruitment events.

2.46  The Working Group recognised that there was a large degree of similarity between the
results and, in particular, the common assumptions underlying estimates of growth derived
from length-frequency distributions. It was emphasised that growth, mortality, recruitment
and advection will all influence the shape of the length-frequency distribution and it is
therefore important to understand such interactions when deriving population estimates of
growth or recruitment.

2.47 The Working Group noted that the range of the environmental variables over which
relationships with growth were investigated could have a major effect on the relationships
observed. Thus, for some studies, the temperature range observed was relatively small
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compared to the total range that the species may encounter, while simple measures of
chlorophyll-a concentration take no account of the nutritional value of different types of
phytoplankton (such as diatoms and dinoflagellates).

Net selectivity

2.48 WG-EMM-13/34 described the use of a model-based method to evaluate selection of
Antarctic krill in towed fishing gear. FISHSELECT has been developed as an alternative to
expensive fishing experiments and has previously been used in investigations into net
selectivity for various species of finfish and the crustacean Nephrops norvegica. It uses a
combination of measurements of animal morphology and the shapes of the relevant mesh
types to predict the size selectivity of the net. The paper described the morphological cross-
sections derived for Antarctic krill and the comparison of model-derived predictions of net
selectivity against selectivity trials on board the Norwegian trawler Saga Sea.

2.49 The Working Group welcomed this work and agreed that such an approach could have
great utility in assessing selectivity of the different fishing gears used to sample krill.
However, the Working Group also agreed that the selectivity of the mesh in a net was only a
small component of the total selectivity of the fishing gear, which would depend on a range of
factors that include the overall net design, the conditions under which the net is fishing, and
the amount of catch in the codend of the net.

2.50 The Working Group strongly encouraged further development of work to determine
total net selectivity. The Working Group further noted that, while this paper dealt with net
selectivity, it could also provide information on mortality of krill passing through the net, and
further investigations on the level of escape mortality should be encouraged.

2.51 The Working Group noted that selectivity is inherent not only in all net data (both
commercial trawls and research nets) but also in length-frequency data obtained from
sampling predator diets. It was agreed that it would be very valuable to be able to use
different sources of length-frequency data to determine spatial and temporal changes in krill
population structure. Further work on this topic, including any necessary standardisation
techniques to take account of different sampling strategies, was strongly encouraged.

Climatic variability and future changes in habitat

2.52 WG-EMM-13/20 described the potential future climate change effects on the habitat
of Antarctic krill in the Atlantic and Antarctic Peninsula sectors of the Southern Ocean
(0°-90°W). Climate model projections for warming in this sector suggest further widespread
warming of 0.27° to 1.08°C over the next century. A statistical model linking Antarctic krill
growth to temperature and chlorophyll-a to assess the influence of projected warming on
habitat quality suggests that growth in the region of the ACC will be particularly vulnerable to
warming, while growth in the region to the south of the ACC is relatively insensitive to
warming. The direct effects of warming could reduce the area of growth habitat by up to 20%,
while reduction of growth habitat within the range of predators, such as fur seals foraging
from South Georgia, could be up to 50%.

166



2.53 The Working Group welcomed this analysis and noted that this paper, involving
collaboration with climate scientists, was the first to be presented to the Working Group that
demonstrated how results from the Intergovernmental Panel on Climate Change (IPCC)
assessments can be utilised to provide analyses of direct relevance to CCAMLR.

2.54 The Working Group further agreed that the likely timescale and magnitude of these
potential changes indicated in WG-EMM-13/20 could confound our ability to detect
ecosystem changes due to fishing. It was therefore essential that feedback management
strategies be able to take this duality into account so that attribution of the causes of change
could be achieved as far as possible.

2.55 While the paper dealt with potential changes of future climate warming, the Working
Group noted that warming had already been occurring in the Antarctic Peninsula region, and
therefore it might be possible to utilise the changes that had already occurred to validate
predictions for this current time period. For instance, it was noted that the current predicted
Antarctic krill growth rates (WG-EMM-13/20, Figure 2) in the Marguerite Bay region are
high; this could be validated against current measured growth rates in this region.

Analysis of krill CPUE

2.56 WG-EMM-13/25 provided a development of the analyses presented in WG-EMM-
12/50, examining the relationship between krill fishery standardised CPUE and an index of
environmental variability (the Antarctic oscillation (AAQ) index) for the period 1986 to 2011.
The analysis had shown that over these 25 years the timing of the fishery has moved from a
spring/summer focus to an autumn/winter focus. The most significant switching of the fishery
regime had occurred in the last six years (2006-2011), when the fishery in Area 48 and its
Subareas 48.1, 48.2 and 48.3 had moved to a ‘high CPUE’ state; this period coincided with
both major changes in fishing technology and a period with the highest positive values for the
AAO index. An analysis of CPUE dynamics from fishery fleets using traditional trawling
with many years’ experience, showed a significant increase in CPUE in the period from 2006
to 2011 and these conventional trawls had CPUE significantly higher than vessels using
continuous fishing methods. The authors concluded that it was ongoing climate changes
influencing the space-time distribution of krill, rather than the fishing technology, that was
responsible for the changes in CPUE observed in this study.

2.57 WG-EMM-13/32 analysed the dynamics of the krill fishery in Subarea 48.1 in relation
to environmental variability, emphasising the importance of this subarea in the current krill
fishery, with over half the total catch in the last three years being taken in this subarea. The
paper presented the dynamics of the AAO index in relation to the variability of environmental
parameters (air temperature, atmospheric transport intensity and ice situation) in
Subarea 48.1. The CPUE dynamics observed in Subarea 48.1 are considered consistent with
climatic changes of these environmental parameters. Recent environmental warming has led
to reductions in winter sea-ice around the Antarctic Peninsula, thus facilitating the switch
from spring/summer to winter fishing in this area.

2.58 The Working Group welcomed this reanalysis in WG-EMM-13/25 and noted that
understanding the operation of the present day fishery and the factors determining both its
evolving spatial and temporal distribution is very important in determining management
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strategies. It was noted that while ongoing climatic changes may have caused the changes in
the spatial-temporal patterns of krill distribution which is reflected in the observed changes of
the fishery strategy, it is also clear that the krill fishery has become more spatially
concentrated as well, and that this could also account for the increased fishery CPUE. The
effect of concentrating fishing in areas with high density would need to be analysed to
distinguish any confounding with possible environmental effects.

2.59 The Working Group noted that there are a large number of variables affecting CPUE
and that these would likely be different from those considered in early analyses of fishery
CPUE (Butterworth, 1988; Mangel, 1988; SC-CAMLR-VIII, Annex 4). Thus, for example,
fishing strategy is linked with products being derived from catch, with status of processing
and with quality of catch as well as spatial distribution of krill, and so is likely to impact
CPUE. The Working Group therefore agreed that an up-to-date consolidated summary of the
underlying variables affecting CPUE and the overall utility of these measures would be
valuable. The Working Group agreed that understanding how the fishery operates is a priority
and encouraged further analyses of fishery operations and the factors determining its strategy
and efficiency.

2.60 The Working Group welcomed the increased submission of papers dealing with krill
biology and ecology and encouraged further submissions on all topics of biology and ecology
that would be necessary to underpin our knowledge of how the Southern Ocean ecosystem
operates in a variable and changing environment.

2.61 The Working Group made a general observation that, when analyses of data are
presented to the Working Group, model descriptions, residual diagnostic plots and standard
statistical outputs, such as the probability level associated with model parameters, should be
provided to allow the Working Group to review alternative hypotheses.

Issues for the future
Feedback management strategy

2.62 The Working Group noted several general points relevant to the development of a
feedback management strategy and advised that these points be communicated more broadly
within CCAMLR so that understanding of feedback management might be improved, in
particular that:

(i) advice relevant to feedback management will include advice on the overall catch
limit for the krill fishery and on the spatial distribution of the catch limit

(i) while the work plan to develop a feedback management strategy has been noted
(CCAMLR-XXX, paragraph 4.17), general guidance on desirable elements of a
feedback management strategy is not available

(iii) CEMP and other observations can provide important data for formulating advice
on fishery catch limits and the spatial distribution of these limits as they relate to
the ecosystem effects of fishing
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(iv)

(v)

decision rules on how to respond to indicators from the CEMP or other
observations would help specify what measures need to be taken to achieve the
objectives in Article 1l, and these rules might include what types of data need to
be collected if the value of an indicator crosses some threshold (e.g. if an
indicator falls below some threshold, a krill survey might be required)

indicators that reflect processes at different time and space scales might be used
in different decision rules to adjust fishing over a range of time and space scales.
For example, regional estimates of predator abundance or recruitment and trends
in krill biomass may be used to establish an overall catch limit and spatial
distribution of that catch limit for a period of several years, whereas adjusting
the spatial distribution of that catch limit over shorter time periods might occur
in response to indicators such as predator condition or estimates of standing krill
biomass collected just prior to a fishing season (sometimes known as leading
indicators). Indicators might be composite indices that integrate changes in
multiple observation series.

2.63 The Working Group advised the Scientific Committee that its plan to develop a
feedback management strategy by 2014 (SC-CAMLR-XXX, Annex 4, paragraphs 2.155
and 2.157) no longer seems feasible. WG-EMM-13/04 summarised the reasons why this is the
case. Although WG-EMM has made concerted efforts to advance the development of a
feedback management strategy, experience since 2011 has demonstrated that several factors
have made it difficult for all Members to develop a common understanding. For example:

(i)

(i)

(iii)

(iv)

(v)

communication among Members on issues relevant to feedback management has
largely been limited to the regular meetings of WG-EMM

the regular meetings of WG-EMM and WG-SAM have full agendas, and there is
insufficient time to work on feedback management issues at these meetings

the different research groups working to develop candidate feedback
management strategies have emphasised work that would mature over different
time frames and is focused on different spatial scales. Thus, discussion within
WG-EMM has been confusing, and it has been difficult to envision how some
management procedures might be implemented in a practical sense

the work to advance feedback management is highly technical, and WG-EMM
needs more time to evaluate and understand several details

it has proven difficult to follow the six steps agreed in 2011 (SC-CAMLR-XXX,
Annex 4, paragraphs 2.155 and 2.157) sequentially, and improved understanding
can likely be developed by considering issues more holistically.

2.64 Despite the difficulties noted in the preceding paragraph, the Working Group agreed
that staged development of a feedback management strategy remains feasible if:

(i)

(i)

in the short term, work focuses on the use of existing data and monitoring efforts
(e.g. existing CEMP data and results from acoustic surveys by fishing vessels)

in the medium term, work progresses to extending data collection and
monitoring efforts (e.g. establishing new CEMP sites, using remotely sensed
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imagery and increasing acoustic survey effort on both fishing vessels and
research vessels) while also investing in the tailoring of models to available data
and the development of operational ecosystem models

(iii) in the long term, ecosystem models are used to guide the establishment of a
“final’ feedback management strategy.

2.65 The Working Group noted its previous discussion on the staged development and
implementation of a feedback management strategy (SC-CAMLR-XXX, Annex 4,
paragraph 2.179 and Figure 4) and recommended that the four stages in the development of
the fishery would be:

() Stage 1 - continuation of the current trigger level and its spatial distribution
among subareas (CM 51-07 is to be reviewed in 2014).

(i)  Stage 2 — an increase from the trigger level to a higher interim catch limit and/or
changes in the spatial distribution of catches that are adjusted based on decision
rules that take account of results from the existing CEMP and other observation
series such as absolute (or relative) biomass (or density) estimates made from
krill surveys conducted by fishing vessels (it is expected that advice on this stage
can be provided to the Scientific Committee in 2015 if WG-EMM, WG-SAM
and/or SG-ASAM have sufficient time to evaluate methods as per SC-CAMLR-
XXVIII, Annex 6, paragraphs 5.11 to 5.17).

(iii) Stage 3 — a further increase to a higher interim catch limit and/or changes in the
spatial distribution of catches that are adjusted based on decision rules that take
account of results from an ‘enhanced’ CEMP and other observation series (it is
expected that this stage can be developed in the medium term).

(iv) Stage 4 — a fully developed feedback management strategy that is based on
forecasts from ecosystem models may involve structured fishing and/or
reference areas (SC-CAMLR-XXX, Annex 4, paragraphs 2.167 to 2.174
and 2.180) and includes catches up to the precautionary catch limit and/or
changes in the spatial distribution of catches that are adjusted based on decision
rules that take account of results from an enhanced CEMP and other observation
series (it is expected that this stage will be developed over the long term).

2.66 In all stages, the spatial distribution of catches might be among subareas, individual or
groups of SSMUs, or other areas that are defined by considering the spatial scales over which
the fishery operates and over which CEMP data and other observations integrate.

2.67 The Working Group agreed that, during the implementation of each stage, it would
work to continue the research and data collection that would be needed to advance to the next
stage. It was also agreed that advancement from one stage to the next should not occur on a
fixed schedule. Rather, advancement towards stage 4 should be determined by the availability
and relevance of scientific information and tools so that progress to implement a fully
developed feedback management strategy occurs at a pace that is determined by scientific
advancement.
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2.68 With respect to stage 1, the Working Group considered whether, on the basis of
current uncertainties, the trigger level and its spatial subdivision are still regarded as being
suitable to achieve the objectives of the Convention without further controls on the fishery.
Implementation of the trigger level and its spatial distribution in CMs 51-01 and 51-07 are
predicated on three conditions:

(i) catches up to the trigger level will not compromise the ability of the Commission
to achieve the objectives of the Convention

(if)  the permitted spatial pattern of fishery catches will not compromise the ability of
the Commission to achieve the objectives of the Convention

(iii) long-term ecosystem change will not invalidate the first two conditions during
the period over which a feedback management strategy is developed.

2.69 The Working Group noted that the Commission will expect advice on CM 51-07
during 2014 and suggested a work plan, to be undertaken by interested Members during the
2013/14 intersessional period, to evaluate the conditions listed in the preceding paragraph and
on which stage 1 is predicated:

(1) review the status and trends of the krill population and the spatial distribution of
the krill stock relative to predators

(i) estimate how much krill is needed to support predators in each subarea and to
review predator foraging behaviours to characterise the link between successful
feeding and the distribution and aggregation density of krill swarms, both the
per-capita krill requirements of predators and how predator performance may be
impacted when those requirements cannot be met, and to review the abundance
of predators in each subarea

(iii) review the spatial distribution of fishing effort and the behaviour of the fishery
to describe situations in which the distribution of fishing effort may change the
availability of krill to predators

(iv) consider uncertainties in each of the above work elements to determine if the
trigger level and its spatial distribution among subareas will meet the objectives
of the Convention with a high level of confidence.

2.70  Existing datasets may be useful for evaluating these work elements. For example, the
US AMLR time series around the South Shetland Islands and British Antarctic Survey (BAS)
time series at South Georgia may be used to address element (ii), and catch and effort data
from the fishery may be used to address elements (i) and (iii). Dr Watters indicated his
willingness to share the US AMLR time series with Members interested in advancing these
work elements. Dr S. Kasatkina (Russia) indicated that she will undertake an analysis of
temporal and spatial variation in CPUE by the krill fishery in relation to variation in the US
AMLR acoustic data. Dr Kasatkina agreed to provide a paper summarising this analysis to
WG-EMM in 2014.

2.71 The Working Group noted that, with reference to stage 1, it would be important to

consider whether the current management approach for the krill fishery (where fishing up to
the subarea catch limits established in CMs 51-01 and 51-07 is spatially unconstrained)
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impacts existing CEMP sites. Within each subarea, fishing activity can be highly concentrated
in just a few fine-scale rectangles (paragraph 2.4) and, although the performance of predators
monitored at CEMP sites integrates over processes at several spatial scales (e.g. at 10s to
100s km? during the breeding season and 100s to 1 000s km? or more during winter), some
Members considered that such concentration of fishing activity might have adverse scientific
consequences in stage 1. These Members noted that the baseline variation observed at current
CEMP sites is considered to reflect natural variation and, after the establishment of a feedback
management strategy, increased variation in CEMP parameters beyond that baseline might be
used within a decision rule to adjust a catch limit or the spatial distribution of fishing.

2.72  The Working Group also noted that in recent years fishing effort in Subarea 48.1 has
increased along the western coast of the Antarctic Peninsula. If the spatial distribution of
fishing effort expands, either within stage 1 or stage 2, it may become difficult to identify
reference areas for use in stage 4. For example, some Members considered the area around
Cierva Cove to be a good candidate for establishing a reference area (WG-EMM-13/27), but
fishing activity in this area during the 2012/13 fishing season may make this view
questionable (paragraph 2.97).

2.73 Some participants indicated an interest to progress work on stage 2 immediately,
simultaneous with evaluation of the trigger level and its spatial distribution. There is some
urgency in proceeding to develop stage 2 because the krill fishery continues to expand, with
increased numbers of vessels participating in the fishery (paragraph 2.11) and the increased
ability of these vessels to attain subarea catch limits before the nominal end of the fishing
season on 30 November each year (paragraph 2.6).

2.74 Evaluation of stage 1 may identify practical approaches, based on existing capabilities,
for use in developing stage 2, such as:

(i) increasing the frequency of small-scale or larger-scale krill surveys, using
research vessels, vessels of opportunity (e.g. as described in WG-EMM-13/17
Rev. 1) and specified fishery operations (e.g. surveys by fishing vessels early
and late in the season as described in WG-EMM-13/15)

(i) expanding the number of CEMP sites or sites where predator monitoring
compatible with CEMP is conducted

(iii) assessing changes in the environment that could impact on krill, predators or
fishing vessels (e.g. by participating in the work envisioned in WG-EMM-13/13)

(iv) develop data integration models considering time and space variations in the
data.

2.75 Work to progress stage 2 could be done by establishing subarea-based intersessional
task groups specifically tasked to propose, in detail, a feedback management strategy based on
existing data sources available in each subarea. The work of these intersessional groups could
be facilitated through a web-based communication forum managed by the Secretariat
(groups.ccamir.org).

2.76  The Working Group agreed to establish two intersessional task groups: one to advance
the development of a feedback management strategy in Subarea 48.1 and another to advance
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such development in Subarea 48.2. Drs Watters and Hinke agreed to co-convene the task
group for Subarea 48.1, and Dr Trathan and Lic. M. Santos (Argentina) agreed to co-convene
the task group for Subarea 48.2. Both task groups met briefly during WG-EMM to plan a
future course of work.

2.77 The task group for Subarea 48.1 first discussed the work it intends to conduct with
respect to stage 1. All Members that participate in this task group will review the work
recently published by Watters et al. (2013) with the objective of determining whether the
work presented therein is sufficient to advise the Scientific Committee and the Commission
on CM 51-07 in 2014. The task group agreed to complete this review by 1 January 2014 and
identify whether additional work is required to advise on CM 51-07. If additional work is
required, the task group will specify what that work is and identify one or more individuals to
complete the work in time to be reviewed by WG-EMM in 2014.

2.78 The task group for Subarea 48.1 then discussed work planned to progress the
development of a feedback management strategy in stage 2. It was agreed that work in the
task group will proceed on two parallel themes: a predator theme, and a krill and fishery
theme. Work on the predator theme will be coordinated by Dr Hinke, and work on the krill
and fishery theme will be coordinated by Dr O. Godg (Norway). Members of the task group
will work within the theme with which they have the most expertise or interest, noting that:

(i)  work on both themes will proceed to characterise important spatial distributions
(i.e. predator foraging distributions, and the distributions of fishing effort and of
krill within key fishing grounds). These parallel efforts will be synthesised to
provide an improved characterisation of temporal and spatial overlap between
krill predators and the fishery

(i)  this synthesis will be viewed within the context of an analysis, to be coordinated
by the Secretariat, of how sea-ice affects the spatial distribution of fishing effort

(iii)  both themes will work to propose candidate decision rules for adjusting the catch
limit in Subarea 48.1 (or for adjusting the proportion of a larger regional catch
limit for Area 48 that is taken in Subarea 48.1) on the basis of indicators
(i.e. from CEMP monitoring activities and from the fishery or research surveys
of krill) that are currently available and expected to be available in the near
future. These decision rules may involve adjustments to the spatial distribution
of catches within Subarea 48.1

(iv) after important spatial distributions have been characterised and candidate
decision rules have been developed, the task group will formulate a detailed
proposal for a feedback management strategy in Subarea 48.1. This proposal will
be submitted to WG-EMM in 2015.

2.79 The task group for Subarea 48.2 discussed the available data collected at the South
Orkney Islands. Currently there are two CEMP sites where penguins are monitored. At Signy
Island, three species are monitored with five indices reported annually for Adélie penguins,
five for chinstrap penguins, and three for gentoo penguins. At Laurie Island, two species are
monitored with six indices reported annually for both Adélie and chinstrap penguins. The task
group proposed that Argentina and the UK analyse these data collectively to determine how
penguin populations are changing across the South Orkney Islands archipelago. Specific
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comparisons to be made across these two CEMP sites will include a comparison of metrics
describing penguin diets with information from the fishery. For example, it would be valuable
to compare length frequencies of krill in penguin diets with those in commercial catches. It
would also be valuable to examine diet compositions and relate these to environmental
signals. The task group will also examine population trends in relation to the annual level of
fishery extraction and annual environmental indices from both local weather stations and from
remote sensing data. The task group will consider compiling a “state of the ecosystem’ report
for Subarea 48.2 which could be used to consider the conditions of stage 1. The task group
also suggested that it may be possible to use the model described in Watters et al. (2013) to
further examine the conditions in stage 1.

2.80 The task group for Subarea 48.2 recognised that there are few data describing the prey
field available to penguins, as annual acoustic surveys of krill have been carried out only
recently. This means that few observations can currently be used to relate the prey available to
penguins to the breeding performances of these birds. This will change in the future as
Norway has made a commitment to maintain its annual krill survey into the future
(SC-CAMLR-XXXI, paragraph 3.37). At present, however, the lack of prey field information
means it could be very difficult to relate penguin responses to the annual harvest of the
fishery. Historical data from acoustic surveys around the South Orkney Islands are available
from the US AMLR Program (two surveys) and from the CCAMLR-2000 Survey. It was
recognised that new information on krill distribution and biomass will be needed to move to
stage 2. Information from a recently deployed mooring between Coronation Island and the
Inaccessible Islands will provide information on the prey field, however, such data will only
begin to 