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JOINT MEETING OF THE WORKING GROUP ON KRILL
AND THE WORKING GROUP FOR THE CCAMLR
ECOSYSTEM MONITORING PROGRAM
(Vinade Mar, 5to 6 August, 1992)

(Convener’ s and Rapporteurs Summary)

INTRODUCTION

The following report was prepared by the Convener of the Joint Meeting, Mr O. @stvedt (Scientific
Committee Chairman) and by the Conveners of the Working Group on Krill (waKrill) and the
Working Group for the CCAMLR Ecosystem Monitoring Program WG-CeEMP), Mr D.G.M. Miller
(South Africa) and Dr JL. Bengtson (UsA) respectively. It provides a summary of the meeting's
discussions and agreed conclusions.

MEETING OBXECTIVES

The mgor objective of the Joint Meeting was to facilitate interaction between wGKrill and WG-CEMP
on matters of common concern.

INFORMATION REVIEW AND EVALUATION

Krill Requirement of Predators

1. Krill Escapement

In the pagt there has been some confuson concerning the meaning of the term “krill
escgpement”. This appears to have arisen primarily from the use by wakirill of the ad hoc
discount factor d inits caculation of krill yidd which, by implication, takes some account of
the amount of krill needed to escape from the fishery in order to meet predator demands.
WGKrill has noted that such demands would to a large extent be implicitly assumed in the
krill naturd mortdity function M aso used in the cdculation of potentid yied. waKrill had
effectively done avay with d by refining the estimation procedure. Consequently it was felt
that it would be helpful to provide the following explanation of what is specificaly meant by
“escapement” (based on the definition provided by wGKrill a its most recent meeting) in the
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context of accounting for the krill requirements of predators and with a view to improving
understanding of information required from WG-CEMP.

A schematic representation of the concepts conddered are given in Figure 1. The
digtribution of krill biomass in the aisence of fishing is depicted by the solid curve. Biomass
(B) is expressed as proportional escapement B/K), where K is the average biomass in the
absence of fishing. Naturd fluctuations in recruitment from year to year lead in turn to
fluctuations in biomass and hence account for the digtribution in B/K shown, rather than B
being exactly equa to K.

Once fishing occurs, this biomass didtribution shifts to the left and its shape may broaden
(see dashed curve). The heavier the levd of fishing, the greater the shift and the broadening.
When conddering the effect of fishing on predators, it is not the extent of the shift (related to
the average proportiona escapement, By¢/K) which is the most important. Rather, it is the
lower tall of the digtribution, since it is occurrences of especidly low biomass that are the
most likely to impact on the hedlth of predator populations. 1t must be noted for the example
illugtrated, thet if the “criticd” level below which predators are deleterioudy affected is as
shown, there is a much greeter likelihood of this occurring in the presence of fishing because
a much greater fraction of the area under the dashed curve liesbelow this“criticd” leve than
isthe case for the solid (no fishing) curve,

The explanation presented above emphasises the need to consider critical levels of predator
performance in relaion to escagpement of krill from the fishery in the devdopment of
operationd definitions to address the requirements of Articlell.

Functiona Relationships Between Krill and Predators

Following on from (1) above, an initid gpproach to improve information on functiond
relationships between krill availability (i.e, aundance plus didribution) and predator
performance was developed. This is atached as Appendix 1. It was emphasised that the
assumptions underlying the approach are by necessty smplistic and animportant component
of the modelling exercise would be to test ther vdidity.

Action: Initition of modeling in accordance with suggestions contained in
Appendix 1.



Krill Biomass Versus Avallahility

In consdering krill biomass (abundance) and availability (abundance plus digtribution) in
relaion to interactions with predators, krill avallability is likey to be the more important.
This digtinction needs to be taken into account in the development of modds rdating krill
yidd to functiond reationships between krill and its predators (see dso (2) above and
Appendix 1). In the interests of amplicity, however, the devdopment of models of
functiona relationships between predators and krill should focus initidly on krill doundance in
relation 1o predator consumption aone. Modds addressing the problem of krill avalability
specificaly would condtitute a subsequent refinement to theinitia gpproach.

Action: Existing data should be andysed as an initid step in addressing the problem
of krill abundance versus availability
Predator-prey surveys should be implemented.
The problem should be consdered in subsequent refinements of the
modelling gpproach identified in (2) above.

Refining Functiond Relaionships

It was agreed that the natura varigbility in predator performance and krill availability, caused
by fluctuating environmenta conditions, offered “naturd experiments’ within CEMP. Viewing
these natural experiments in a predictive context could assst in understanding inter- and
intra-annua patterns in interactions among predators, prey, and environmenta conditions.
Waysto evauate the impact of natural experiments should be considered.

It was dso agreed that large variability in predator performance and environmenta
stochasticity complicate the task of differentiating between changes caused by naturd
phenomena and those attributable to fishing. For example, the physica environment (eg.,
searice) affects predators directly as well as indirectly through their prey. Although some
form of experimentd harvesting regime may conditute the only way whereby functiona
relationships between krill, predators, environment and fishery could be determined, such a
regime would have to be carried out over a number of years to take full account of the high
levels of variability aluded to above. Such experiments may form part of a more generd
gpproach to the quegtion of separating natural from fishery induced changes. There may,
however, be other methods for refining functiond relationships which do not require
elaborate experimentd designs.
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If such experiments are to be conducted, their design must be carefully evauated in advance.
This would require some form of modelling approach which should attempt to evduate the
datigtical precison necessary to quantify the detection of harvest induced changesin addition
to provide some assessment of associated practical congderations.

Conclusons.  The role of experimenta harvesting regimes to establish functiond links
between krill, predators, environment and fishery should be thoroughly
examined.

Action: Detailed descriptions of possble experimentd harvesting regimes should be
provided and their efficacy evauated.
Strategic moddling should be deveoped to evduae the datidticd
performance and cost-effectiveness of possble experimentd harvesting
regimes and in refining esdimates of functiona relaionships between krill
avallability and predator performance.

Potential Overlap of Krill Fishing and Predators
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Congdering Predator Demands in Subarea Allocation of Catch Limits

In developing an gpproach to the possible future alocation of the precautionary catch limit of
1.5 million tonnes of krill to areas within Statistical Area 48, one option consdered by WG
Krill focused on the need to take explicit account of predator demands. Doubts not only
surround the possibility of obtaining gross estimates of the krill demand for important
predators in various parts of Statistical Area 48, the incluson of land-based predators alone
in such estimates was questioned. Similarly, athough localised stuations could be used, their
relationship to whole gatistica subareas may be difficult to evauate. Consequently, WG
CEMP was requested to give careful consideration to the matter as a whole with a view to
evauating the overdl gpplicability of incorporating information on predator demands into the
dlocation of krill catch limitswithin satisticd subaress.

Action: Some crude estimates of the krill demands of predators by Subarea should
be provided.
The feagbility of utilisng such information in the dlocation of precautionary
catch limits should be investigated.



Timing and Location of Fishery

The vdue of haul-by-haul data in determining the location of krill fishing activities was
emphasised, particularly with respect to identifying areas of overlgp between the fishery and
land-based predators. Reports from the Chilean and Russan fisheries were welcomed. The
submisson of such data to CCAMLR, where possible, was encouraged. Problems
experienced by some fishing countries in supplying such data were noted.

Action: The submisson of haul-by-haul data from the krill fishery from dl aress
fished should be encouraged.

Diaogue on Operationa Characterigtics of the Krill Fishery

The ongoing dia ogue between fishermen, fishing operators and scientists involved with issues
pertaning to the krill fishery was found to be extremey useful in improving current
undergtanding of the fishery’s dynamics and its operationd characteristics. This enhanced
undergtanding is likely to facilitate consderation of various gpproaches to management in the
future and would ensure that such approaches take explicit account of the needs of both the
commercid fishery and predator requirements.

Krill “Surplus’

The continued use of the term “krill surplus’ is not encouraged since it refers specificdly to
the dated concept that krill formerly esten by baeen whales are now available to the rest of
the system, induding the fishery. Current thinking on ecosystem dynamics suggests that this
concept is ampligtic and, given other priorities in the work of WG-CEMP in paticular, it was
fet that it would be ingppropriate to assgn a high priority to undertaking further anayses of
essentialy higoric krill-whale interactions. It was noted, however, that individud scientists
may find some utility in usdng higtoric esimates of krill by whdes in a smple accounting
exercise to evauate the possible reconciliation of such gross limits of krill production with
more recent estimates of krill abundance.

Action: Individud scientists should undertake smple accounting exercises to
compare historic whae consumption figures with recent estimates of krill
abundance.
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KRILL, FISHERY AND PREDATOR DATA
IN MANAGEMENT DECISIONS

Development of Approaches for Feedback Management

10.

CEMP Experimenta Approach

Although the experimenta gpproach has been integra in the development of CEMP, it was
agreed that it would be useful to formulate a more forma statement of how this gpproach
might be implemented in practice. The establishment of some form of experimentd fishing
regime (see (4) above), with both trestment and control areas was thought to offer a useful
way to demondrate causeleffect relationships between potentiad fisheries impacts and
predator performance. Even though it is expected that it would be some time before
experimental harvesting regimes can be implemented, some consderation should be given to
ensuring that CEMP is conducted in such away as not to preclude the possibility of initiating
specific experiments in the future. Furthermore, as the movement of krill between various
aress is likely to be a factor in the design of any experiments that may be undertaken, the
advice of wGKrill should be sought in identifying potentid treatment and control areas. The
initiation of monitoring to establish suitable basdines in such areas requires congideration.

Action: CEMP s experimenta approach should be formdised in practicd terms.
The development of strategic models should be encouraged in order to
evduate the datigticd performance and cod-effectiveness of posshle
experimental harvesting regimes desgned to distinguish between naturd
variation in predator performance and effects due to fishing.

Feedback Mechanisms for Management Advice

Indices of various measures of predator performance are being caculated annudly by CEMP.
It was agreed that it would be helpful for CEMP to condder criteria that might be used to
specify levels of change or the magnitude of trends to be used in the initiation of management
measures (see aso discussion under (1) above). There is aso a need to develop an
gopropriate mechaniam to include information forthcoming from CEMP in the formuletion of
management advice on the krill fishery. It was noted that measures could be proposed
regardless of whether changesin predator performance could reasonably be attributed to the
fishery or whether such measures were deemed necessary to avoid having the fishery



11.

exacerbate a dtuaion induced by factors independent of the fishery (eg., by naturd
environmenta fluctuations).

WG-CEMP was a0 requested to congder the feasbility of using a dynamic dlocation scheme
to dlocate krill catch limits in various areas. Such alocation would be based on various
measures of predator performance within such areas. The scheme would contrast with more
datic gpproaches, such as outlined in (5) above, where catches would be limited on the
basis of the prey requirements of predators in each Satistica subarea. Dynamic dlocation of
catch levesislikey only to be possible post hoc rather than anticipatory.

Action: The possble use and predictive goplicability of employing dynamic
dlocation of krill caich levels based on predator performance should be
investigated.

Simulation gpproaches should be developed to investigate the performance
of and the decison rules underlying the incorporation of CEMP information
into the formulation of management advice.

Precautionary Management Measures

It was noted that dthough attempts should be made to undertake the best scientific
evauations possble a this time, the information necessary to make such evauations varies
from a totd lack of relevant data to data exhibiting consderable inherent variability. This
range of information renders it necessary at times to formulate management advice based on
a limited understanding of the datus of, and interactions between various ecosystem
components.  In addition, in certain instances when the necessary data are available the
decison rules necessary for ther incluson into management advice are lacking. It was
therefore agreed that WG-CEMP should consider a precautionary approach to management
adong with an accompanying mixture of measures which could be applied in zones where, or
for criticd times when, there is dgnificant overlap between the fishery and land-based
predators (particularly during foraging). Such consideration should take account of

()] the needs of the fishery;

(i) higtoricd catch levels,

(i)  potentid impacts of fishing on predators,

(iv)  potentid control/experimenta Stesfor an experimentd fishing regime;

v) uncertainty in knowledge concerning functional relationships between predators,
prey, and the environment; and
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()  minimigng the possbility that adverse impacts on the ecosystem occur.

Action: Additiond messures to minimise potentidly deleterious effects of fishing
confined within the foraging ranges of vulnerable land-based predators
should be formulated and evaluated.

Information Required from waKiill

12.

13.
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Fishery Data

The continued submission of haul-by-haul data from areas within 200 km of land-based
predator Stes was again encouraged. Similarly, continued didogue within WGKrill was
encouraged (see (7)). The need for fine-scale reporting of catches from subareas other than
those dready identified in Statistical Area 48 and the CEMP ISRs was recognised. Thereis
aso a need for demographic information (length, sex ratio, maturity stage, etc.) on krill

caught in the fishery, particularly close to land-based predator sites (i.e., especialy within the
ISRS)

Action: Encourage submisson of haul-by-haul data from the fishery within a least
100 km of land-based predator Sites.
Encourage the deployment of scientific observers aboard fishing vessds to
expedite the above.
The fine-scale reporting of fisheries data from datistical areas other than
Statigtica Area 48 should implemented.

Fishery Independent Data

Estimates of krill abundance and didtribution in the 1SRs should be encouraged and produced
on an ongoing basis. In this connection, some time may be required to implement the
predator-prey surveys as recommended by WGKrill's ad hoc Subgroup on Survey Design.
The importance of krill movement in estimates of abundance and particularly krill availability
was reiterated.

Action: Continued updating of krill abundance estimatesin the ISRs.
Krill abundance surveys to be carried out to cover complete ISRs.



Predator-prey surveys to be implemented usng the recommended
procedures.

Coordination of WG-kKrill and WG-CEMP Activities

14.

15.

Enhanced Coordination

It was agreed that the Joint Meeting of wWGKrill and wG-CEMP had been a useful forum for
promoting a dialogue on issues of common interest. In particular, very fruitful discussons
had arisen as a result of persona contact between those with knowledge of predator
biology, krill biology and the fishery. The meeting dso provided an opportunity for
modellers o be included in such discussons on, particularly on the costs of developing of,
the mogt fruitful approaches to addressing deficiencies in knowledge on interactions between
predators, krill and the fishery. This deployment of a wide range of scientific skillsin one
place was seen as being particularly beneficid to the ongoing work of both wGKrill and WG
CEMP.

Action: Possible future opportunities to continue a close didogue between the two
Working Groups should be provided

Coordinating the Formulaion of Management Advice

As the work of wGKrill and WG-CEMP has progressed, areas of overlap between the two
groups in relaion to the formulation of management advice to the Scientific Committee have
been increasingly identified.

In particular, the modelling approach outlined in Appendix 1 was seen as an important first
step in a process to augment current understanding of interactions between predators, the
environment, krill and the fishery. The need for further modelling both as part of, and outside
CEMPwas highlighted. Such moddling would improve knowledge on functiond relationships
(see (2)) aswell as provide some basis for decision rules to account for the incorporation of
information from CEMP into the formulation of management advice.

Action: Both wG-krill and we-CEMP should continue to consder the most effective
ways of coordinating their management advice.



16.

Liaison Between Working Group Conveners

To facilitate communication between the Scientific Committee' s three working groups, it is
important that the Conveners of the respective groups should be in contact with each other.

Action: The Conveners of the Working Group on Fish Stock Assessment
(WGFsA), wGKrill and wG-CEMP will meet immediatdy prior to the 1992

annud medting (SC-CAMLR-X, paragraph 12.4).
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Figure 1:

Effect of fishing on the frequency digtribution of B/K.




APPENDIX 1

AN INITIAL ANALYS SOF THE EXTENT TO WHICH

DIFFERENT LEVELSOF FISHING ON KRILL MAY
AFFECT PREDATOR POPULATIONS

SCHEMATIC REPRESENTATION

recruits resdua natura mortality
\ ? fishing
Krill > L L
consumption by predator
recruits naturd mortaity
Predator — p» > >
time ---------- Do year 1 ------------ Demmmmmmemmeeaa year 2 --------------

Figure 1

FACTORSTO BE TAKEN INTO ACCOUNT

The diagram in Figure 1 above indicates the inputs and outputs (“births’ and “deaths’) to be taken
into account in moddling the demography of the krill and predator populations and their interaction.
The details given below are intended as a broad description (rather than a full specification) of the
minimum number of factors which need to be taken into account in the first step in this process. This
fird gep is intended primaily as a learning exercise, following which gregter redism can be
incorporated into the modd.



The Krill Component

The mode for the krill population should be a amilar but possibly dightly smplified verdon of that
used to explore potentid yidd posshilitiesin wG-Krill-92/4. Key elements are that recruitment must
include a stochastic component, and that the model must be age-structured. Integration over prior
digtributions for parameters whose values are uncertain can be ignored for the moment.

Hshing mortdity could be moddled as a fixed annud caich. In wGKrill-92/4, the krill naturd
mortdity raae M was conddered to be fixed in time. This will now be partitioned into two
components.  the one, the resdua naturd mortaity M’) arisng from pedators other than the
Species congdered, is to be treated as fixed in time; the other, arigng from consumption of krill by
the predator under consideration, will vary in time depending on the size of both the predator and the
krill population.

The Predator Component

Both the “inputs’ and the “outputs’ in the modd of the predator population (which must dso be age-
structured) can be consdered as survivd rates. The rdation of the “adult” surviva rate to naturd
deaths is straightforward, but the ‘juvenile’ surviva rate should be seen to include the effects of
pregnancy rate as well asthe higher than average mortdity rate early inlife.

The key concern is the nature of the functiond relationships between these surviva rates and krill
abundance, which should have the generd form indicated in Figure 2, i.e. these rates saturate at high
leves of krill abundance (the per capita consumption rate of krill by the predators would aso
saturate at these levels).
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Figure 2

As an initid approach, it may be smplest to specify these rdationships as indicated in Figure 3,
where K isthe average krill dbundance (i.e., biomass) in the absence of fishing, and a isthefraction
of K below which the lesser abundance of krill gtartsto impact on the predators. Two vauesof a
need to be specified: a ; (for the juvenile surviva rate) and a , for the adult survivd rate. Because
recruitment is likely to be affected before adult mortdity as the krill biomass declines, typicdly a , <
a,;. Vduesof a;and a, can beinfered from the didribution of krill biomass in the abbsence of
fishing. For example given the obsarved rdative frequency of “bad” and “good’ years for
recruitment, a ; could be chosen so that the ratio of the areas above and below a ; K which lie
beneeth this digtribution curve match the observed rdative frequency. (Note that dthough Figure 3

is drawn in a manner which indicatesthat a = 1, circumstances for certain predators may be such as
leedtoavdueof a > 1))

urvivd rate

aK K
krill abundance
Figure3
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Responses in both adult and juvenile survivd rates are seen as necessary components of an initia

modd. At a later stage, the effect of a stochastic component in these functional response
relationships could be investigated; this could provide a means to take account of the fact that land-
based predators react to locd krill availability, which may not be synonymous with krill @bundancein
alarger area. Another subsequent refinement of the mode might be consderation of breeding space
limitations as well as food avallability as alimiting factor for the predator population.

INFORMATION REQUESTED FROM WG CEMP

Rather than attempt to consder some abstract “ average predator”, models should be devel oped for
two or three choices of an actuad predator species. These species should be sdlected o that their
adult survival rates span a reasonably wide range, and information on breeding success and adult
mortdity variationsis available over areasonable period of time.

The information required for each predator species chosen is asfollows:.

()  adult average annud survivd rate (i.e. the largest survivd rate vaue in the Figure 3 plot
for adults);

() age-at-fird breeding;

(i)  categorisation of years with observations across a spectrum from bad to good from
the viewpoint of the predator; thus, for example, if three categories are chosen, these
might correspond to:

“good” -  both breeding success and adult surviva good
“poor” - breeding success poor, but adult surviva unaffected
“bad” - both breeding success and adult surviva poor.

In addition, with future modd eaboration to dlow for seasond effects in mind, information on the
breeding season for each of the predators selected should be provided.



