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Abstract

The design of the CCAMLR-2000 Krill Synoptic Survey (CCAMLR-2000 Survey) is
described. The primary objective of the survey was to improve estimates of the pre-
exploitation biomass of krill which are used in models to estimate sustainable yield in
Area 48. The survey design includes two large-scale oceanic strata: one in the southwest
Atlantic located in the Scotia Sea, and the other to the north of the Antarctic Peninsula
(CCAMLR Statistical Subareas 48.1, 48.2, 48.3 and 48.4). Within these large-scale strata,
four mesoscale strata were included in the survey design; these were located close to the
South Sandwich Islands, north of South Georgia, north of the South Orkney Islands and
north of the South Shetland Islands. The rationale underlying the selection of the strata and
survey boundaries is described. The methods used for selecting the location of each
survey transect are explained and the planned cruise tracks for each of the four vessels
participating in the survey are shown. Details are also described for adaptively modifying
the survey during its execution. This includes information how net haul stations should
be selected and how transects should be modified if the planned survey tracks cannot be
completed.

The survey took place in January-February 2000 and involved ships from Japan, Russia,
UK and the USA. Scientists from many more CCAMLR Member States and the International
Whaling Commission (IWC) took part. The survey is by far the biggest single exercise
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ever carried out by Members in support of the Convention. Full analysis of the results of
the CCAMLR-2000 Survey will take several years and will result in a significant increase
in the knowledge of krill length frequencies, biomass and distribution in the area studied.

Résumé

Description de la campagne CCAMLR-2000 d’évaluation synoptique du krill (campagne
CCAMLR-2000). L’objectif principal de la campagne d’évaluation était d’obtenir de
meilleures estimations de la biomasse du krill antérieure a son exploitation car celles-ci
sont utilisées dans les modeles d’estimation du rendement durable de la zone 48. La
campagne est congue de telle sorte qu’elle comporte deux strates océaniques a grande
échelle : l'une au sud ouest de I’Atlantique, dans la mer du Scotia, ’autre au nord de la
péninsule antarctique (sous-zones statistiques 48.1, 48.2, 48.3 et 48.4 de la CCAMLR). A
Vintérieur de ces strates a grande échelle étaient incluses quatre strates a échelle moyenne
situées a proximité des iles Sandwich du Sud et au nord de la Géorgie du Sud, des
Orcades du Sud et des iles Shetland du Sud. Dans ce document sont décrites les raisons
ayant déterminé la sélection des strates et les limites de la campagne. Les méthodes
suivies pour sélectionner I'emplacement de chaque transect de la campagne sont
expliquées et les trajets que suivront les quatre navires participant a la campagne sont
indiqués. De plus, des explications détaillées sont également données sur les modifications
qui seraient apportées a la campagne au fil des circonstances, a savoir, entre autres,
comment les stations de chalutage seraient sélectionnées et comment les transects seraient
modifiés si les trajets prévus ne pouvaient pas étre entierement suivis.

La campagne s’est déroulée en janvier-février 2000, avec des navires du Japon, de la
Russie, du Royaume-Uni et des Etats-Unis. Par ailleurs, de nombreux scientifiques
d’autres Etats membres de la CCAMLR ou de la Commission internationale baleiniére
(CIB) y ont pris part. Cette campagne représente de loin la plus grande entreprise jamais
menée par des membres pour soutenir les objectifs de la Convention. L’analyse intégrale
des résultats de la campagne d’évaluation CCAMLR-2000 prendra des années et
permettra de grandement compléter nos connaissances dans le domaine des fréquences
de longueurs, de biomasse et de répartition du krill dans la région étudiée.

Pesrome

B crarbe npuBoaNTCS NUIaH CHHOMTHUECKOff cheMKH Kpuist AHTKOM-2000. OcHoBHO#
LIEJIBEO ChEMKH ObIJI0 YTOYHEHHE OLEHKH ACBCTBEHHON GHOMACCHI KPILJISL, HCMOJIb3YeMOil
B MOJEJISIX pacuera ycrofiunsoro BeuioBa B PaiioHe 48. Ilnad cheMKu BKIHOYAI
2 KpyNHOMACIITAOHBIX OKCAHHUECKHX 30HbI: OJHY ~ Ha KOro-3anage ATJaHTHUECKOro
okeana (B mope CKOTHS), M APYLYH — K CeBepy OT AHTAPKTHYECKOro M-OBa
(craructuueckue nogpaitonst AHTKOMa 48.1, 48.2, 48.3 n 48.4). B npenesnax aTHx
KPYNHOMACIITAOHBIX 30H IJIAH Ch€MKH MPeAyCMaTpuBal 4 cpeHeMaciliTabHbIX 30HB,
pacnosoxennbix y FOxupix CanapuueBbix 0-BOB, K ceBepy ot FOxwnoil I'eoprmi,
cesepy oT FOxnbix OpkHeiickux 0-BoB U K cesepy ot FOxupix IlleTtanackux o-Bos. B
CTaThe JaeTcd 0OOCHOBAHHE BbIOOPA 30H H 'DaHMIl TPOBEACHUS ChbeMKH, OObICHAITCH
METO/BI BHIOOPA MECTONOIO3XKEHHISI KaXKIOI'0 ChbeMOUHOrO pa3pesa U MOKa3biBarTCS
3aMJ1aHHPOBAHHBIC MAPUIPYThI KaXXA0T0 H3 4 yuacTBOBABIIHX B CheMKe CyaoB. Takxe
NPUBOIATCS OCTAIM aJanTHBHOIO M3MEHEHWUS CheMKH TO XOMY €€ NPOBCHCHUS, Ie
BKJIHOUEHa MH(OPMalus O BLIOOpE CTaHUMi TpasieHus ¥ MOAMUKALMH pa3pe3’oB B
CJlyuae, eCJIM HEBO3MOJKHO BBITIOJIHHTD 3aIUTAHUPOBAHHBIE PA3PE30B.

CpeMKka mnposoamiach B siBape-espane 2000 r. cymamu  Snonun, Poccnn,
Coennnennoro opoJsiesctBa u CIHIA. B neil Tak ke Oblin 3ageiicTBOBaHbl YUEHBIE N3
MHOTHX Apyrux crpad-4yjieHos AHTKOMa u Mex myHaponHoi KnToboiiHol KoMucecun
(MKK). OTa chemKa npeacTassisgeT codoii camoe KpymHOe MEPONpPHATHE, KOTAa-H00
MPOBECHHOE CTPaHaMu-usieHaMu B noanepxKy Konsentmn. Iosthbiii anamus pe3ybTaros
cpemkn AHTKOM-2000 3aiiMeT HeCKOJIBKO JIeT H MPUBEACT K 3HAUHTESBLHOMY
PACHIMPEHHIO 3HAHUI O YaCTOTHOM Pacrpele/ICHH IJTHH, GHOMAcce i pACPOCTPAHEH HH
KPHJISL B HCCJIEAYEMOM pafioHe.
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Resumen

Este documento describe el disefio de la prospeccién sindptica de kril CCAMLR-2000
(Prospecciéon CCAMLR-2000). El objetivo principal de la prospecciéon fue mejorar las
estimaciones de la biomasa de kril previa a la explotacién, utilizadas en los modelos para
estimar el rendimiento sostenible en el Area 48. El disefio de esta prospeccién comprende
dos estratos oceanicos a gran escala: uno en el sector suroeste del Atlantico situado en el
mar de Escocia y el otro al norte de la Peninsula Antértica (Subéreas estadisticas 48.1, 48.2,
48.3 y 48.4 dela CCRVMA). El disefio de la prospeccién incluyé cuatro dreas de mediana
escala situadas cerca de las islas Sandwich del Sur, al norte de Georgia del Sur, al norte de
las islas Orcadas del Sur y al norte de las islas Shetland del Sur. Se describe el criterio
sobre el cual se basé la seleccion de las areas y el establecimiento de los limites. Se
explican los métodos utilizados para seleccionar la posicién de cada transecto de muestreo
y se muestran las trayectorias establecidas para cada uno de los cuatro barcos que
participaron en la prospeccién. También se explica en detalle las modificaciones necesarias
durante su ejecucién. Esto incluye informacién sobre cémo se deben seleccionar las
estaciones de arrastre y modificar los transectos si las trayectorias planeadas originalmente
no pueden llevarse a cabo.

La prospeccién se realizé en enero—febrero de 2000 con barcos de Japon, Rusia, Reino
Unido y Estados Unidos. También participaron cientificos de muchos otros Estados
miembros de la CCRVMA y de la Comision Ballenera Internacional (IWC). Esta prospecciéon
es sin duda la mayor campafia de investigacion llevada a cabo por los miembros en apoyo
de la Convencién. El andlisis completo de los datos de la prospeccion CCAMLR-2000
tomara varios afios y aportard significativamente al conocimiento de la frecuencia de
tallas, biomasa y distribucién del kril en el area estudiada.

Keywords: krill, synoptic survey, design, Area 48, 2000, CCAMLR
of Marine Antarctic Systems and Stocks) Experiment

(FIBEX) which took place from January to March
1981 (Trathan et al., 1992).

INTRODUCTION

Antarctic krill (Euphausia superba), considered to
be one of the key species in the Antarctic marine
food web, is prey to a wide variety of dependent
species and is harvested commercially. Commercial

While recognising the value of the FIBEX-
derived estimate of B, CCAMLR decided that a

exploitation of krill is managed under the direction
of CCAMLR, and regulated in accordance with
a sustainable ecosystem approach. Management
principles, which are still being developed, require
fundamental knowledge about the abundance and
distribution of krill.

The CCAMLR methodology for the management
of krill relies heavily on results derived from
the CCAMLR Generalised Yield Model (GYM)
(Constable and de la Mare, 1996) and, before
that, the Krill Yield Model (Butterworth et al.,
1991 and 1994). The GYM is used to estimate the
long-term annual yield of krill in FAO Statistical
Area 48 and the precautionary catch limit for the
fishery (CCAMLR Conservation Measure 32/X;
SC-CAMLR, 1991). A number of parameters are
required to run the GYM, including estimates of
the pre-exploitation biomass of krill (By) and its
variance. Until recently the estimate of B, used
in the GYM was that derived from the First
International BIOMASS (Biological Investigations

more up-to-date estimate of krill biomass was
required (SC-CAMLR, 1993 — paragraphs 2.38
to 2.43). For example, in 1996 the CCAMLR
Scientific Committee acknowledged the urgent
need for a synoptic survey in Area 48 and noted
that management advice for Area 48 could not be
updated until such a survey had been conducted
(SC-CAMLR, 1996 — paragraph 4.28). Later, a firm
commitment was made to carry out a survey in
the austral summer of 2000 (in January and
February) (SC-CAMLR, 1997 — paragraphs 5.13
to 5.19). The primary objective of this survey
was to improve the CCAMLR estimate of B,
(6C-CAMLR, 1993 — paragraphs 2.39 and 2.41 to
2.47). Although additional survey objectives were
also formulated, these were considered to be
secondary to the estimate of B,.

The CCAMLR-2000 Krill Synoptic Survey
(CCAMLR-2000 Survey) set out to estimate B, in
Subareas 48.1, 48.2, 48.3 and 48.4, and involved
research vessels from four CCAMLR Member
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States. In addition, vessels from two other nations
carried out acoustic surveys in selected parts of the
main survey area. The composition of the scientific
parties on board the vessels was multinational
and included experts from outside CCAMLR. The
planning effort behind this survey was considerable.

The primary purpose of this paper is to describe
the procedures used to design the synoptic survey,
thereby forming a consolidated reference for future
work. The paper also describes the rationale
behind the CCAMLR-2000 Survey and documents
the survey design details; it draws heavily from
many CCAMLR documents and meetings.

SAMPLING STRATEGY

The synoptic survey design was the culmination
of numerous decisions. These are reported in a
number of separate working documents and
reports, and are reproduced here to provide a
single, ready source. The major design strategy
decisions that needed to be made were:

(iy  whether pre-planned or adaptive transect
positions should be used;

(i) whether transect separation should be
regular and systematic or random;

(iii) whether the design should be stratified or
unstratified; and

(iv) the definition of survey limits.

Pre-planned or Adaptive
Transect Positions

An adaptive survey design would generally
provide an increased understanding of the structure
of the ecosystem and improve the coefficient of
variation (CV) of the biomass estimate. However,
the advantages of a more detailed description of
the distribution of krill within high-density areas
may be outweighed by increased complexity in
terms of survey design, execution and subsequent
analysis. In the light of these concerns, a more
conservative approach utilising a pre-planned
survey was adopted. Such an approach has been
widely used in the past (for instance FIBEX -
BIOMASS, 1980) and was considered to be statis-
tically robust and defensible.

Systematic or Random
Transect Positions

The main objective of the survey was to
improve the estimate of B, used in the GYM.
Although an improved estimate could have been
obtained using a wide variety of survey designs,
the chosen survey design had to be statistically
defensible. Modern methods of statistical analysis
are continually evolving and providing new
opportunities for improved analysis. At present,
however, no consensus exists with regard to some
of the model-based geostatistical methodologies.
Although an agreed methodology using model-
based methods may become available in the future,
CCAMLR agreed that for now a randomised
design coupled to a design-based analysis would
produce the most statistically defensible result
(CCAMLR, 1998a and 1998b — Appendix 1; see also
conclusions in Miller, 1994).

To achieve this aim the survey followed a
design based on randomised parallel transects.
The advantage of such a design is that it allows the
use of classical design-based statistical methods
(Jolly and Hampton, 1990) without precluding
model-based geostatistical methods (e.g. Petitgas,
1993; Murray, 1996) during survey analysis. In
contrast, the use of regular systematic transects
would preclude the use of classical design-based
statistical methods.

Stratified or Unstratified Design

There is still considerable uncertainty regarding
the relative abundance of krill in the open ocean
compared with that over the continental shelf
areas around the Antarctic Peninsula and the
sub-Antarctic islands in Area 48. Although the
distribution is complex (illustrated by a variety of
datasets and published papers e.g. Ichii et al., 1998;
Sushin and Shulgovsky, 1998), it is important that
the B, estimate be based on a survey that samples
all areas considered to be important for the
biomass assessment. The FIBEX survey was based
on the premise that most of the krill biomass was
close to, or over, shelf areas. However, if krill are
also distributed in similar quantities in the open
ocean, a design which gives a uniform density of
sampling across the whole region should be used.
In contrast, if krill are concentrated in particular
predictable areas, an appropriate stratified sample
design is likely to produce a lower overall CV.
Although appropriate stratification may improve
the overall estimate of CV, it will not change the
expected estimate of mean biomass.



In view of the continuing debate over the
relative importance of shelf and oceanic areas, a
compromise survey design was deemed appro-
priate. Thus, the design allocated extra effort to
areas of expected krill concentration, i.e. over shelf
areas close to some of the sub-Antarctic islands
forming part of the Scotia Arc.

Definition of Survey Boundaries

Given the complexity of the marine ecosystem
(cf. Ichii et al., 1998; Sushin and Shulgovsky, 1998),
natural limits to the survey area are difficult to
define. In establishing appropriate boundaries, a
variety of factors had to be considered. These
included the known historical distribution of krill,
the oceanographic structure within the region, the
distribution of the commercial fishery, and the
distribution of the summer pack-ice. However,
these ecological boundaries do not necessarily
coincide with the artificial limits of the subareas
that define the management boundaries.

To achieve its management objectives, CCAMLR
would require estimates of krill biomass from
survey strata defined using both ecological and
management-based criteria (for example, the Scotia
Sea and Subarea 48.1); survey boundaries therefore
had to be based on a compromise between ecological
and management boundaries.

QUTLINE OF SELECTED
SURVEY DESIGN

Taking into account the factors outlined in the
previous section (sampling strategy), the following
survey design was finally agreed. Participating
vessels had to undertake a series of randomised
transects located within predefined large-scale strata
covering the area to the north of the Antarctic
Peninsula and most of the Scotia Sea. The first of
these strata covered most of Subarea 48.1, the
second covered much of Subareas 48.2 and 48.3
and the western part of Subarea 48.4. In order to
lie orthogonal to the main axis of the regional
bathymetry, transects within these large-scale strata
were oriented in different directions.

Within the large-scale strata, four regions were
known to have a high abundance of krill and to be
of importance to dependent species and commercial
fishing fleets. In these areas additional mesoscale
transects were surveyed in order to reduce the CV
of the biomass estimate. The first of these meso-
scale strata was to the north of the South Shetland
Islands, the second was to the north of the South
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Orkney Islands, the third to the north of South
Georgia and the fourth around the South Sandwich
Islands. In these mesoscale strata the survey was
designed to provide twice the transect density of
the large-scale strata. The boundaries of the meso-
scale strata were coincident with the boundaries of
the large-scale sampling units that passed through
the mesoscale strata; this ensured that the survey
area was uniformly covered by primary sampling
units (transects) for the purposes of randomisation.
A series of randomised transects was located
within each mesoscale stratum. Details of the cruise
tracks of each participating vessel are shown in
Figures 1,2, 3 and 4.

METHOD OF RANDOMISATION

Transects were randomised within each stratum.
The basic requirement for a truly randomised
parallel-transect survey is that all potential transect
lines in the survey area should have an equal
probability of being sampled. However, one
problem arising from a simple randomisation
procedure is that the realised randomisation may
give very uneven coverage of the survey area; this
can result in an inefficient use of available effort.
To overcome this, the CCAMLR-2000 Survey used
a two-stage random-isation process (see also
Brierley et al., 1997). First, the survey area was
divided into a series of parallel zones, each of equal
width and separated by alternating parallel
inter-zones of the same width. Second, a survey
transect was then randomly placed within each of
the zones. The inter-zones contained no transects
and acted to keep the transects a minimum
distance apart. To comply with the requirement
that any transect has an equal probability of being
sampled, the location of the entire survey grid was
then moved by a random distance equal to, or less
than, the inter-zone width. Thus, using the two-
stage process, all primary sampling units had an
equal probability of being sampled; this gave the
necessary condition for the validity of the design-
based variance estimators.

An additional benefit of this randomisation
scheme is that it minimises the loss of efficiency
related to model-based geostatistical procedures
and resulting from choosing a random rather than
systematic design.

IMPLEMENTATION OF SURVEY DESIGN

The computer software package used to carry
out the survey design was Arc/Info Version 7.1.1
(ESRI). The final design was checked in Arc/Info




Table 1:  Limits of the 25 x 25 km base grids used as the foundation for the survey design.
Stratum Origin Rotation Limit
of Grid of Grid  Northern Southern Western Eastern
Scotia Sea 62°S, 40°W 0° 49°9 62°S 56°W 20°W
Antarctic Peninsula 65°S, 50°W 330° 52°S 68°S 79°W 40°W
Table 2:  Parameters used for the Lambert Conformal Conic Projections.
Stratum Spheroid Units Standard  Standard Central Origin of XY
Parallel 1  Parallel 2  Meridian  Projection Shift
Scotia Sea WGS84 Metres 54°30’S 59°30’5 40°W 62°W 0,0
Antarctic Peninsula WGS84 Metres 59°30’S 64°30’S 50°W 65°W 0,0
Table 3:  Parameters used to determine the transect sampling zones.
Stratum Eastern Edge Widthof  Numberof  Width of Width of Transect
of Stratum, Grid Shift  Transects Transect Samplinillr;ter—zone
Distance from Base Inter-zone Sampling (
Grid Origin (km) Zone
(km) (km)
Scotia Sea 982.50 - east 62.50 13 62.50 62.50
South Sandwich Islands 857.50 - east 62.50 10 31.25 31.25
South Georgia 357.50 - east 62.50 4 31.25 31.25
South Orkney Islands 14250 -~ west 62.50 4 31.25 31.25
Antarctic Peninsula 257.50 - east 62.50 9 62.50 62.50
South Shetland Islands 750 - east 62.50 8 31.25 31.25
Table 4 Random westward shift for transects within the sampling zones and for the grid shift.
Stratum Random Shift from the Eastern Edge of the Transect Sampling Zones (km) Random Shift
T-01 T-02 T-03 T-04 T-05 T-06 T-07 T-08 T-09 T-10 T-A T-B T-C for Grid (km)
Scotia Sea! 3.00 36.00 43.50 44.50 13.50 0.50 50.00 29.00 41.50 6.50 45.50 40.00 34.50 17.50
South Sandwich Islands? 30.00 6.25 450 15.75 22.50 23.00 13.50 28.25 2925 9.25 17.50
South Georgia? 2925 075 650 9250 - e s o 17.50
South Orkney Islands? 7.75 18.25 18.50 19.25 ‘ , 17.50
Antarctic Peninsulal-3 40.00 38.50 16.00 37.00 4450 1.50 57.00 13.00 2.00 17.50
South Shetland Islands? 20.50 5.00 20.25 20.75 11.00 26.75 4.25 29.25 17.50

[SS I ST

Transect number from 11 to 19.

Randomisation was carried out with potential transect sampling units separated by 0.50 km.
Randomisation was carried out with potential transect sampling units separated by 0.25 km.
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and then validated using a separate software
package (Proj4). The survey design generated six
strata:

(i) the Antarctic Peninsula large-scale stratum
(AP);

(ii)  the Scotia Sea large-scale stratum (SS);

(iii)  the South Shetland Islands mesoscale stratum
(831);

(iv)  the South Orkney Islands mesoscale stratum
(801);

(v)  the South Georgia Island mesoscale stratum
(5GI); and

(vi) the South Sandwich Island mesoscale stratum
(Sand).

The implementation of the two-stage random-
isation process was carried out in seven steps for
each stratum:

(i)  regular 25 x 25 km base grids extending
beyond the survey area were generated;

(i) sampling zones and inter-zones were
identified on the relevant base grid for each
stratum;

(iii) a random shift within each sampling zone
was selected for each transect;

(ivy arandom grid shift for the sampling zones
and inter-zones was selected for each stratum;

(v)  thenorthern and southern limits of sampling
were selected for each transect;

(vi) waypoints at 25 km spacing were generated
for each transect; and

(vil) waypoints were projected into geographic
coordinates for each transect.

Generate Regular 25 x 25 km Base Grids

Two regular 25 x 25 km grids that extended
beyond the limits of the anticipated survey area
were generated, one for the Antarctic Peninsula
and one for the Scotia Sea. Each grid was oriented
orthogonal to the general axis of the regional
bathymetry. Thus, the base grid for the Antarctic
Peninsula was designed to lie at 330° to the 50°W
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meridian. This grid was located parallel to the
line between 65°00.0’S, 50°00.0'W and 60°00.0°S,
55°46.4'W. The base grid for the Scotia Sea was
designed to lie parallel to the 40°W meridian.
The limits of the regular base grids are shown in
Table 1.

The base grids were generated using a Lambert
Conformal Conic Projection with standard parallels
placed approximately 25% from the top and bottom
of the anticipated survey areas; scale errors for
these parallels should be approximately 1%. The
parameters used for the generation of the grids are
shown in Table 2.

Identify the Survey Sampling Zones
and Inter-zones

Following the criteria outlined above, transect
sampling zones were generated on the two base
grids. The zones were located at equal distances
across the anticipated survey area and were
separated by inter-zones of the same width. The
parameters for setting up the sampling zones are
shown in Table 3.

Identify the Random Transect Positions
within the Sampling Zones

In order to assign random transect positions
each sampling zone was subdivided into 125
potential positions, giving a sampling resolution of
0.5 km for the large-scale transects and 0.25 km
for the mesoscale transects. Within each sampling
zone, the actual transect position was determined
by randomly selecting one of the potential transect
positions. The random shift for each transect within
each sampling zone is shown in Table 4.

Identify the Random Grid Shift

The second level of survey randomisation was
carried out by subdividing the grid shift inter-zone
into 125 potential grid positions, giving a sampling
resolution of 0.5 km. The grid shift was chosen by
picking one of these potential grid positions at
random. The same grid shift was used for both
base grids. This provided the second level of
randomisation for both the large-scale and meso-
scale transects and ensured that even sampling
probability was maintained. The random shifts for
the grids are shown in Table 4.




Table 6:  Priority for omitting transects following periods of lost time; if a transect has already been surveyed, then the next

Table 5:  Parameters used for the geographic projection.

Stratum Spheroid Units XY Shift
Scotia Sea WGS84 Decimaldegrees 0,0
Antarctic Peninsula WGS84 Decimal degrees 0,0

highest priority transect should be omitted.

Vessel

1

2

Priority for Omission

3 4

5 6

7 8

Ship 1 (large-scale)
Ship 2 (large-scale)
Ship 2 (mesoscale)
Ship 2 (mesoscale)
Ship 3 (large-scale)
Ship 3 (mesoscale)
Ship 4 (large-scale)
Ship 4 (mesoscale)

SS8-07 AP-13
5S-05 S55-08
SGI-04 SGI-02
SOI-02  SOI-04
AP-12 S5-03
SSI-07 S51-05
SS-A SS-C
Sand-03 Sand-09

SS-10 AP-16
AP-14 AP-11
SGI-03  SGI-01
SOI-01  SOI-03
SS-06 S5-09
SS1-08 5SI1-06
SS-B -

Sand-04 Sand-08

$S-01 55-04

SS5-02  AP-17

“AP-15  AP-8..
SS1-04  SS1-03

S51-02  SSI-01

AP-19

Sand-10 Sand-06 Sand-01 Sand-05

Sand-02  Sand-07

Table 7:  Start and end dates for each vessel.

Vessel-ID  Nation Vessel Start Date End Date
Ship 1 UK RRS James Clark Ross 18 January 2000 10 February 2000
Ship 2 USA Yuzhmorgeologiya 13 January 2000 4 February 2000
Ship 3 Japan Kaiyo Maru 11 January 2000 2 February 2000
Ship 4 Russia  Atlantida 17 January 2000 1 February 2000
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Identify the Northern and Southern Limits
for each Transect

After randomly assigning transect positions on
the X-axis of the base grid, Y-axis coordinates for
the northern and southern ends of each transect
were determined by extending the transects to the
limits of the survey strata. The southern transect
limits were identified with reference to nearby
coastlines and the anticipated northern extent of
the summer pack-ice, while the northern limits
were identified with reference to the boundaries of
Subareas 48.1, 48.2, 48.3 and 48.4, the existence
of krill in Area 41, and the frontal structure of
the Antarctic Circumpolar Current (ACC) (see
Figures 5,6 and 7).

Identify Waypoints along each Transect

As survey transects were parallel and did not
follow meridians, transect orientation continually
changed. Therefore, to aid vessel navigation during
the survey, waypoints were created at regular
intervals along each transect. These waypoints were
generated from north to south at 25 km intervals.

Project the Transects into Geographic
Coordinates

The transect waypoints were projected from the
Lambert Conformal Conic Projection to geographic
coordinates using the parameters shown in Table 5.
These coordinates were supplied to the navigation
officer of each participating vessel.

IMPLICATIONS FOR THE ANALYSIS
OF SURVEY STRATA

A number of problems arose in setting the
orientation of the large-scale grids orthogonal to
the regional bathymetry. In particular, the two
large-scale grids had an overlap between some of
the primary sampling units to the east of the
Antarctic Peninsula. This overlap led to a change
in the sampling probability in that area. To
overcome this, an a priori selection of sampling
units for inclusion in the analyses was necessary; in
this case it was agreed to omit data south of 59° on
transect 10. Other areas of overlap presented no
such problems and there was no ambiguity about
which transect sections should be discarded.
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ALLOCATION OF SURVEY EFFORT
TO PARTICIPATING VESSELS

During the initial planning stages for the
CCAMLR-2000 Survey it was assumed that three
main survey vessels would be available. Effort was
therefore allocated so that each ship occupied
every third large-scale transect. This reduced the
potential for bias and minimised the possibility of
large areas of missing data in the event of
equipment failure. However, during later planning
stages an additional vessel was included in the
survey. In order that the survey (by then already
agreed by CCAMLR) did not have to be redesigned,
this additional vessel was allocated survey transects
in a continuous block. The allocation of effort for
the survey is shown in Figure 8.

Four CCAMLR Member States (Japan, Russia,
UK and the USA) were eventually able to contribute
to the survey with each vessel contributing
approximately 30 days of ship time. Other nations
were also able to undertake smaller-scale regional
acoustic surveys for krill during the austral summer
of 2000; these included the Republic of Korea and
Peru.

Transects within the Antarctic Peninsula (AP)
and Scotia Sea (55) large-scale strata were allocated
to the four main survey vessels as follows:

Ship 1 (UK): transects S5-1, SS-4, 55-7, SS-10,
AP-13, AP-16 and AP-19;

Ship 2 (USA): transects S5-2, 55-5, S5-8, AP-11,
AP-14 and AP-17;

Ship 3 (Japan):  transects 55-3, §5-6, 55-9, AP-12,

AP-15 and AP-18; and

Ship 4 (Russia): transects 55-A, SS-B and SS-C.

The UK vessel (Ship 1) was not allocated any
mesoscale sampling effort as it had a greater
commitment to contribute effort at the large scale.
However the other vessels were allocated transects
within the mesoscale strata as follows:

Ship 2 (USA): transects SGI-1, SGI-2, SGI-3,
SGI-4, SOI-1, SOI-2, SOI-3 and
SOI-4;

Ship 3 (Japan):  transects SSI-1, SS1-2, 5S1-3, SS1-4,
SSI-5, SSI-6, S51-7 and SSI-§; and

Ship 4 (Russia): transects Sand-1, Sand-2, Sand-3,

Sand-4, Sand-5, Sand-6, Sand-7,
Sand-8, Sand-9 and Sand-10.
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ADDITIONAL SURVEY EFFORT

The final survey design allowed for four main
vessels, each operating within a restricted time
period. However, because additional survey effort
may have become available, plans were made to
efficiently utilise such effort without compromising
the validity of the basic design. Three feasible
options were considered:

(i) to replicate one (or more) of the mesoscale
survey areas;

(i)  to extend one (or more) of the large-scale
survey areas; or

(iii)  to replicate one (or more) of the large-scale
survey areas.

Choosing between these options depended on
the amount of additional effort. Therefore, it was
agreed that logistic constraints would probably
dictate which option was selected if other ships
joined the survey.

REDUCTION OF SURVEY EFFORT
DUE TO LOST TIME

In the southwest Atlantic it was highly likely
that some survey time would be lost due to bad
weather; contingency plans for Jost time were
therefore absolutely necessary. The following
guidelines were provided in the event that weather
and/or equipment failure caused serious delays. It
was suggested that each vessel should check
progress against the expected time at each station
and make any necessary adjustments in the
following order of priority:

s increase vessel speed without sacrificing quality
of acoustic data; else,

e delete daytime net sampling and conductivity-
temperature-depth sensor (CTD) casts.

In addition, a check was to be made against the
expected time at the approximate mid-point of
each major transect and adjustments made in the
following order of priority:

e curtail the current transect and recommence
surveying at the start of the next; else,

e curtail the current transect and recommence

surveying at the most adjacent point on the
next; else,
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* omitan entire transect according to the randomly
determined ranking given in Table 6.

DETERMINATION OF STATION
POSITIONS ON TRANSECTS

In addition to undertaking a series of acoustic
transects, it was agreed that each ship should
undertake a series of net hauls to collect krill
and zooplankton, and a series of CTD casts to
characterise water masses. These plans were based
on the following assumptions:

e that all acoustic transects would be run during
daylight so that acoustic biomass estimates
would not be biased by night-time migrations
of krill to the surface (where they would not be
sampled by hull-mounted echosounders);

¢ that 18 hours per day would be spent conducting
acoustic transects; and

e that six hours per day would be required to
sample two stations, one station would be
sampled around local midnight, the other
around local midday; at each station a CTD cast
to 1 000 m and a net haul between 0 and 200 m
were to be carried out.

A major implication of such a sampling regime
was that station positions were not fixed locations
but were dependent on the start time of each ship,
the time and duration of the period of darkness
and the actual progress the ship made along each
transect.

The provisional position of each station was
calculated in a series of stages:

(i)  determine the approximate dates when each
ship would steam each transect;

(i)  calculate the times of local dawn and dusk
for the given dates for set positions on each
transect; and

(iii)  establish the station positions and the cruise
plan based on the calculated steaming times.

To facilitate cruise planning, a PC-based spread-
sheet was used to calculate steaming times around
the survey grid. This spreadsheet was made
available to all cruise leaders to help monitor
expected progress around the survey transects.



Start Date for each Vessel

The provisional station sampling positions
were calculated assuming that each ship started on
time. The actual start dates for each vessel are
shown in Table 7.

Times of Dawn and Dusk for
each Vessel on each Transect

The times of civil twilight (where the sun is
more than 6° below the horizon) were calculated
for each transect based on the estimated rate of
vessel progress. Three positions per transect were
estimated for initial planning purposes. Inspection
of the twilight times for these positions revealed
that part of the survey area was in regions where
the sun was below the horizon (more than 6°)
for more than four (up to six) hours per day.
This restricted the time available for night-time
station activities. Several conditions were therefore
required to ensure that the survey transects could
be completed in the time available. These conditions
were:

¢ that transecting started at local civil dawn and
extended until local civil twilight;

o that daytime net and CTD activities were
completed within a two-hour period; and

¢ that ships steamed at 10.5 knots along transects
and at 12 knots between transects.

Unless these conditions could be met, the survey
would take longer than originally anticipated.
Provisional station positions were therefore
calculated on the basis of these time allocations.
The provisional positions for each of the stations
were made available to all cruise leaders to help
monitor expected progress around the survey
transects.

REGIONAL SUPPORT AND SIGNIFICANCE
OF THE SYNOPTIC SURVEY

Given the costs and logistic complexity of
conducting multiship operations, future surveys
such as the CCAMLR-2000 Survey must be
considered as relatively rare. As a consequence,
the results from the synoptic survey should be
considered in the context of the many smaller-scale
regional surveys that have been and will be
undertaken. Of particular importance are those
surveys that were undertaken close to the time of
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the synoptic survey and which form part of long
time series. These include the BAS Core Programme
(UK), the US AMLR survey (USA), and the cruises
fostered by the CCAMLR Subgroup on International
Coordination. At present, the importance of regional
surveys in the assessment of krill biomass across
Area 48 remains undefined. However, if these
regular, regional surveys can be linked to the
large-scale synoptic survey in time and space, it
may be possible to interpret temporal variability in
the regional surveys with respect to the larger area.
If this is feasible, then it may become possible to
use smaller-scale regional surveys to monitor long-
term trends in krill biomass.

POSTSCRIPT

The synoptic survey was undertaken, as
planned, in the summer of 2000. The resultant
value of B, was calculated at a multinational
workshop and has now been incorporated into
the GYM. This has subsequently led to revised
management procedures and a new precautionary
catch limit for the krill fishery (CCAMLR
Conservation Measure 32 /XIX; SC-CAMLR, 2000).
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Figure1: ~ CCAMLR-2000 Survey cruise track of Ship 1 (UK vessel).
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Figure2: CCAMLR-2000 Survey cruise track of Ship 2 (US vessel).
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CCAMLR-2000 Survey cruise track of Ship 4 (Russian vessel).
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Figure 5:

CCAMLR-2000 Survey cruise tracks with the boundaries shown for Subareas 48.1, 48.2, 48.3 and 48.4.
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Figure 6:

CCAMLR-2000 Survey cruise tracks with positions where krill catches have been reported during the period from 1986 to 1992 (CCAMLR, 1997).
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CCAMLR-2000 Survey design with stratum boundaries.

Figure 8:



Tableau 1:

Tableau 2:

Tableau 3:

Tableau 4:

Tableau 5:

Tableau 6:

Tableau 7:

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:

Figure 6:

Figure 7:

Figure 8:

Tadn. 1:
Tabs. 2:
Tabs. 3:

Tabu. 4:

Tab. 5:

Tabs. 6:

Tabn. 7:

CCAMLR-2000 Survey: description of rationale and design

Liste des tableaux
Limites des grilles de base de 25 x 25 km sur lesquelles repose le plan de la campagne d’évaluation.

Parametres utilisés pour les projections coniques conformes de Lambert.

Parametres utilisés pour délimiter les zones d’échantillonnage des transects.

Déviation aléatoire vers I’ouest des transects des zones d’échantillonnage et du déplacement de la grille.
Parametres utilisés pour la projection géographique.

Ordre d’élimination des transects en cas de temps perdu; si un transect a déja été évalué, le transect
suivant, sur cette liste des priorités, doit étre sauté.

Date et heure de départ pour chaque navire.

Liste des figures
Trajet suivi par le navire N°1 (du Royaume-Uni) pendant la campagne CCAMLR-2000.
Trajet suivi par le navire N°2 (des Etats-Unis) pendant la campagne CCAMLR-2000.
Trajet suivi par le navire N3 (du Japon) pendant la campagne CCAMLR-2000.
Trajet suivi par le navire N°4 (de la Russie) pendant la campagne CCAMLR-2000.
Trajets suivis pendant la campagne CCAMLR-2000 et limites des sous-zones 48.1, 48.2, 48.3 et 48.4.

Trajets suivis pendant la campagne CCAMLR-2000 et emplacement des captures de krill déclarées de
1986 4 1992 (CCAMLR, 1997).

Trajets de la campagne CCAMLR-2000 et position des principaux fronts climatiques du Courant
circumpolaire antarctique. SAF - Front subantarctique; PF — Front polaire; SACCS ~ Front sud du
Courant circumpolaire antarctique; SACCb - Limite sud du Courant circumpolaire antarctique. Position

des fronts d’apres Orsi et al. (1995), le Front polaire étant modifié d’apres Trathan et al. (1997).

Conception de la campagne CCAMLR-2000 et limites des strates.

Cnncox Tabnmy
Ipanyuet cerok (25 X 25 kM), HCIOJIb30BABLIMXCS KaK OCHOBA [JIaHA ChEMKH.
IMapameTpb! paBHOYTOBHON KOHIMUecKoif mpoexuun JlambepTa.
[TapameTphl A/1 ONMPEICIICHHUST 30H BbINOJTHEHUST PA3PE30B.

Benuuuna cnyqaﬁﬂoro caBura (B 3anagHoM HaﬂpaBHeHHﬂ) U pa3pes3oB B npeac/ax 30H U U1
CaABHTa CECTKH.

[apameTps! reorpaduuecKOoil TPOeK IHH.

[IpuopHuTETHOCTH MPOMYCKA PAa3PE30B B pe3yJibTaTe MOTEPH BPEMEHH; €CJIH PA3PE3 YK€ BBIIOJIHEH, TO
NpONyCKaeTCsl CASHYIOLHH 10 IPHOPUTETHOCTH pa3pes.

Cpoku paGOThl KaXKA0r0 CyaHa.
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CnUCoK pUCYHKOB
Coemka AHTKOM-2000: mapirpyT peiica cynna 1 (CoeuHEHHOE OpPOJIEBCTBO).
Coemka AHTKOM-2000: mapiupyT peiica cynna 2 (CIIA).
Cremka AHTKOM-2000: mapuupyT peiica cyana 3 (Snonus).
Coemka AHTKOM-2000: mapuipyT peiica cynna 4 (Poccus).

MapiipyTsi peiicoB cbeMku AHTKOM-2000 ¢ HaHeceHHbIME I'paHuLaMu nofapaiionoB 48.1, 48.2, 48.3
nd48.4.

MapunipyTsi peficos cbemkn AHTKOM-2000 u MecTa 3aperucTpupOBaHHbIX YJIOBORB KPUJIS 32 NEPHOT
¢ 1986 mo 1992 r. (CCAMLR, 1997).

MapuipyTst peficoB ceemku AHTKOM-2000 u xJTUMaTH4YeCKOE PacoIOXKEHNUE IIABHBIX (PPOHTOB
AHTapKTHUEeCKOro uupkymmosisipaoro teuenust (ALT). SAF - cybanrapkruyeckuit dppont; PF -
nongapubiil dpout; SACCS - roxubtit hpont ALIT; SACCh - roxuas rpaunua ALIT. Tlosoxenue
dpontos o Orsi et al. (1995), nosnstpabiil HpoHT MoaudULHPOBaH B cCOOTBETCTBUH ¢ Trathan et al.
(1997).

ITnan ceemku AHTKOM-2000 ¢ rpaHiuaMu 30H.

Lista de las tablas
Limites de las cuadriculas de 25 x 25 km utilizadas como base del disefio de la prospeccion.
Pardmetros utilizados para las proyecciones conicas conformacionales de Lambert.
Parametros utilizados para la determinacion de las zonas de muestreo de los transectos.

Desplazamiento al azar de los transectos en direccion oeste dentro de las zonas de muestreo y para la
cuadricula.

Parametros utilizados en la proyeccion geografica.

Prioridades para la omisién de los transectos por pérdida de tiempo; si ya se ha muestreado un transecto,
entonces se debe omitir el transecto que le sigue en prioridad.

Fecha y hora del inicio y término del muestreo para cada barco.

Lista de las figuras
Trayectoria del Barco 1 durante la prospeccién CCAMLR-2000 (barco del RU).
Trayectoria del Barco 2 durante la prospeccién CCAMLR-2000 (barco de Estados Unidos).
Trayectoria del Barco 3 durante la prospeccion CCAMLR-2000 (barco del Japén).
Trayectoria del Barco 4 durante la prospeccion CCAMLR-2000 (barco de Rusia).
Trayectorias para CCAMLR-2000 en relacion a los limites de las Subdreas 48.1, 48.2, 48.3 y 48.4.

Trayectorias de la prospeccion CCAMLR-2000 en relacién a las dreas para las cuales se han notificado
capturas de kril durante el periodo de 1986 a 1992 (CCAMLR, 1997).



Figura 7:

Figura 8:
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Trayectorias de la prospecciéon CCAMLR-2000 en relacién a las posiciones climaticas de los frentes
principales de la Corriente Circumpolar Antartica. SAF — Frente Subantartico; PF - Frente Polar; SACCf
— Frente CCA Sur; SACCb - Limite Sur de CCA. Posiciones de los frentes segtin Orsi et al. (1995), y la
modificacion del Frente Polar segiin Trathan et al. (1997).

Disefio de la prospeccién CCAMLR-2000 con los limites de los estratos.
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