The CCAMLR-2000 survey: a multinational, multi-ship biological oceanography survey of the Atlantic sector of the Southern Ocean
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Introduction
Antarctic krill (Euphausia superba) is a key species in the Southern Ocean ecosystem, and is an important component of the diet of many predators such as seals, penguins, flying birds, whales, fish and squid (Laws, 1985). Over the last 30 years it has also been the direct target of a large multinational fishery (see review by Ichii, 2001) with up to 0.5 million tonnes of krill caught annually. Over much of the twentieth century the relationship of krill to some form of commercial exploitation has been a powerful force in promoting the scientific study of this large and abundant euphausiid. Some of the earliest studies on Antarctic krill were carried out in the first half of the twentieth century because of its importance as the staple food for the commercially exploited species of whales. The resulting Discovery Reports (numbering 34 volumes as of 1967; Hardy, 1967) describe the work carried out by RRS’s Discovery, William Scoresby and Discovery II in a set of cruises carried out between 1925 and 1951. Ten years later the 431 page publication by Marr (1962) brought together all the work on Antarctic krill collected in over 12,000 plankton samples from these voyages. 

Commercial whaling in the Antarctic had ceased by the mid-1960’s and it was not until 1970’s when interest in directly exploiting krill as a protein source that significant pressure to further investigate krill ecology was generated. At this time a series of multi-national scientific investigations were co-ordinated by SCAR (Scientific Committee on Antarctic Research) and the BIOMASS (Biological Investigation of Marine Antarctic Stocks and Systems) programme was initiated (El-Sayed, 1994). Through this programme two ground-breaking multiship surveys were undertaken. The first survey, FIBEX (First International Biomass Experiment), took place in 1979/80. A total of 12 ships undertook co-ordinated acoustic surveys to map the large-scale distribution of Antarctic krill in the Atlantic and Indian Ocean sectors of the Southern Ocean. The second survey, SIBEX (Second International BIOMASS Experiment) investigated temporal changes in krill distribution and abundance focusing on the Antarctic Peninsula region over a two-year period in 1985-86 (El-Sayed, 1994). 

The severe over-exploitation of fish stocks in the Southern Ocean lead to the negotiation of the Convention for the Conservation of Antarctic Marine Living Resources (CCAMLR) which came into force in 1982 (Miller and Agnew, 2000). CCAMLR now manages the stocks of fish and krill in an ecosystem context. The total allowable catch of krill is estimated through the use of a generalized yield model (GYM, further details of this model and its use to set the total allowable catch of krill can be found in Hewitt et al., in press). One of the key parameters in this model is an estimate of pre-exploitation biomass (Bo). Concerns over the degree of independence between krill populations and the effect of potential large-scale transport of krill between regions of the Southern Ocean have meant that determining the area over which to estimate Bo was not trivial (Trathan et al., 1995). To minimize the effects of krill transport surveys covering large areas are most acceptable. However, while many nations have conducted krill surveys in specific small scale areas of the Southern Ocean (see for instance Brierley et al., 1999; Hewitt and Demer, 1995), there are very few large scale-surveys of krill abundance. To date the multi-ship FIBEX survey is the only survey to have covered the entire Scotia Sea region comprising FAO statistical areas 48.1, 48.2 and 48.3 (see Figure 1 for the extent of these areas). As a result the GYM has used the value of biomass derived from FIBEX. While this estimate had utilized the most up to date technology available at the time, the estimate is now over 20 years old and within CCAMLR concerns had been raised about the appropriateness of the estimate for current management of the fishery (SC-CAMLR, 1996). 

As a result of such discussions that started in 1996, CCAMLR commissioned a new krill biomass survey and so the CCAMLR-2000 survey was borne. The priority for this survey was to estimate biomass of krill within Area 48, the key fishery and management area that extends through the Scotia Sea and Antarctic Peninsula region of Southern Ocean (Figure 1). From the outset it was recognized that the survey was also an unique opportunity to undertake large-scale synoptic sampling of many elements of the krill-based pelagic ecosystem. As a result the following survey aims were developed: 

· Generate an up to date estimate of Bo and the associated estimation of error for the major area where commercial fishing takes place.

· Collect data on krill demography to help interpret population connections within the Scotia Sea area

· Collect data to further insights into ecology of the krill-based ecosystem, in particular to describe physical and biological processes influencing the distribution, growth and predation of krill. 

To adequately survey Areas 48.1, 48.2 and 48.3 it was estimated that a minimum of 3 ships would each need to provide around 3-4 weeks of survey time (Watters and Hewitt, 1995). Experience derived from the FIBEX cruises had shown that planning, execution and analysis of the CCAMLR-2000 survey would have to be meticulously carried out to achieve the aims of the project. In this paper we describe the planning process, looking particularly at the innovative elements that set this survey apart from previous large-scale cruises. We then go on to describe the general conduct of the cruise and provide an overview of the outputs from the cruise, many of which are included in this special issue of Deep-Sea Research. 

Cruise planning
From the outset the cruise was planned as multi-national and multi-ship. Because likely participants were spread around the world the opportunity face-to-face meetings had to be limited. Therefore the primary means of communication was through a dedicated website where up-to-date information was always available to all potential cruise participants. To supplement electronic communication, planning meetings were held during the annual meetings of the CCAMLR Working Group on Ecosystem Monitoring and Management (WG-EMM) and at a dedicated meeting in Cambridge (UK) in March 1999. Full details of the sampling design and rationale that were developed at the Cambridge meeting have been published by Trathan et al. (2001). Here we summarize aspects of the design and rationale that are relevant to the overall planning process. 

Sampling strategy

The survey was based on the following design requirements. The survey design had to: 

· Cater for the likely behavioural characteristics of krill in terms of diurnal availability to acoustic sampling

· Allow analyses that would be statistically robust and valid

· Be relatively insensitive to any reduction in effort due to equipment failure or bad weather

· Be relatively simple to carry out so that differences between ships would not arise through interpretation of complex instructions

· Operate to a set of common protocols leading to comparable data sets through standardization of equipment and operating procedures

· Enable combination of data from all ships for joint analyses so that consensus on the results

· Cover all likely oceanic and near-shore regions where krill thought to occur in Area 48.1-48.3

· Have a valid way of introducing any additional survey effort without having to re-design the entire survey.

To fulfil the above design criteria the survey was laid out as a series of pre-planned, randomly-placed parallel transects (Figure 1). The randomisation was carried out in two stages (Brierley et al., 1996; Trathan et al., 2001) to ensure that there would be a minimum separation (62.5 km) between adjacent transects but also at the same time to satisfy the condition that every point within the survey area had an equal chance of being sampled. The survey was stratified into two types of region; oceanic and meso-scale. The four meso-scale strata were identified as areas where krill were expected to concentrate (Figure 1); these strata were located where the krill fishery tended to concentrate and had twice the sampling effort of the oceanic strata. The survey boundaries were initially set to contain all regions where krill were expected to occur within management areas 48.1, 48.2 and 48.3, the survey was extended just prior to execution to also cover management area 48.4. 

To ensure that the survey was relatively insensitive to gear failure or loss of data during bad weather, alternate transects were surveyed by different ships. Thus the ships from Japan, UK and USA all surveyed transects within management areas 48.1, 48.2 and 48.3 (Figure 1). The slightly different start times for each ship meant that adjacent tracks were surveyed at different times further reducing the probability of losing adjacent tracks due to bad weather (Figure 1).

During FIBEX and in many national krill surveys acoustic transects interspersed with a series of net sampling stations have been carried out irrespective of time of day. However Antarctic krill show vertical migration patterns that frequently result in many or all of the animals occurring within a few metres of the sea surface during the hours of darkness (Godlewska, 1996; Morris and Ricketts, 1984; Watkins, 2000a). Therefore carrying out acoustic surveys at night may mean that significant quantities of krill are not detected acoustically (Hewitt and Demer, 1996; Watkins, 2000a). The present survey was designed to take account of the behaviour of krill in relation to time of day. Acoustic transects were only carried out during daylight when there was a high probability that the krill population will occur at depths greater than the depth of transducers. No acoustic transects were run during the night-time period. This later period was utilized for station-based sampling. An additional benefit of this regime was that krill sampling took place at night when krill show less net avoidance (Everson and Bone, 1986; Watkins, 2000b). 

As the survey was planned it became apparent that sampling at stations only during the night would result both in a rather sparse net sample grid and also not facilitate acoustic target identification. Therefore provision was made to sample either during the middle of the day at a station or to undertake a target identification tow during the day. A hierarchical set of options was agreed to ensure that all ships operated a common sampling strategy (see Appendix 2 for further details).  

Protocols

Previous experience (derived from surveys conducted during FIBEX, SIBEX and meso-scale surveys by CCAMLR participants) had demonstrated clearly that comparison of acoustic data from different ships would only be feasible if each ship used equipment of the same specification and operated to a common set of data collection protocols. Considerable effort was expended prior to the cruise to ensure that the protocols for the primary datasets (acoustic, net and CTD sampling) were fully defined and accepted by all participants. These protocols were published on the survey website. Key features of these protocols are discussed below. In addition these protocols have considerable utility in the conduct of future surveys and so more detailed summaries of the protocols may be found as appendices to this paper.

Acoustics

Unlike the 11 ships carrying out the FIBEX survey, each ship on the CCAMLR-2000 survey used the same make and model of echo sounder (Simrad EK500). SonarData Echoview software was already in use by two of these ships and was chosen as the standard data logging and analysis software package for the survey. To facilitate use of their software, SonarData also made available a limited licence copy of Echoview for the duration of the cruise. To further standardize the data collection, every setting for the echo sounder was given either a mandatory value or if a single value was not appropriate then a limited set of options was specified. Every menu setting for the Simrad EK500 echo sounder was detailed on the survey website which is accessible via the CCAMLR website (www.ccamlr.org). 

Calibration of the echo sounders was equally important and tightly controlled in terms of methodology, location and timing. Each ship calibrated the echo sounder immediately before and after the survey. Calibrations were carried out within the survey area at South Georgia and King George Island (Figure 1). Calibration used the standard sphere technique (Foote et al., 1987). Each ship used tungsten carbide spheres provided by one manufacturer especially for the survey. 

To maximize the time available for acoustic surveying, different start and end times for all the daily transects were calculated. These were based on the times of nautical twilight for three positions along each section of transect on each day of the cruise.  Further details of the acoustic sampling protocols are to be found in Appendix 1.

Netting 

There were two primary objectives for the net sampling programme. First to validate and identify acoustic targets, confirming which targets could be considered as krill and obtaining krill length frequency data for Target Strength estimation. Second to describe krill demography and large-scale distribution patterns of size classes and maturity stages as well as regional recruitment indices. Previous experience (Anonymous, 1991 describes net analyses of  krill length frequency from BIOMASS) had illustrated the major problems in comparing net sample data when collected by different nets. For instance different FIBEX cruises collected krill with nets that ranged from Bongo nets with a mouth area of less than 1 m2 to commercial krill trawls with a headline width of many metres (Anonymous, 1991). Differences in net selectivity have a profound effect on the analysis of krill length for both TS estimation and demographic studies. This problem was tackled by specifying a standard net type to be used by all ships. The planning group identified that the RMT8+1 (Rectangular Midwater Trawl; Roe and Shale, 1979) was the most appropriate type of net presently available. Prior to the survey only one of the four participating ships used this particular net. However suitable nets were made available from institutes in other CCAMLR nations (Australia, South Africa and UK). Differences in availability of ancillary equipment meant that two of the ships were able to deploy the RMT8+1 as a multiple opening and closing net while two ships had to deploy the net in a permanently open state. This resulted in some differences in the way the nets were sampled. 

The two primary net sampling objectives required different sampling strategies. To validate acoustic targets the net depth and trajectory was manipulated so that the net was directed at the targets of interest. An opening / closing net was necessary so that targets other than those of interest could be excluded from the net and so only two ships (UK and USA) carried out target hauls. In contrast samples to describe krill demography and large-scale distribution patterns have usually been taken over the complete depth range of occurrence of krill at a series of predetermined stations. Such a sampling strategy was possible with all the RMT8+1 nets used during the survey. Further details of the net sampling protocols are to be found in Appendix 2.

CTD sampling

The main objective of sampling with a conductivity-temperature-depth (CTD) package was to identify environmental characteristics of the survey area, in particular the water masses that influence krill distribution and transport. A further objective of the survey was to identify the approximate geographic location of important fronts and to estimate geostrophic currents. The protocols were based on World Ocean Circulation Experiment (WOCE) standards, (web site http://whpo.ucsd.edu/manuals.htm). Further details of the agreed protocols are to be found in Appendix 3.

Other sampling protocols

While the above protocols describe the methods for the primary datasets reference to Table 1 shows the full list of activities that were undertaken on the participating ships. However these activities were not carried out to a set of centrally define protocols rather individuals responsible for such measurements on each ship were left to coordinate methodology at an appropriate level. 

Monitoring progress of cruise

More on use of spreadsheet and optimisation here. The adopted cruise plan of starting and stopping at nautical twilight meant that time available for transecting and sampling was dependent on location and day. To enable each ship to monitor and predict progress, the future position of stations etc we obtained the times for future way points taking into account present position, predicted day lengths related to predicted positions and proposed sampling iterated the results through a spreadsheet. This allowed daily monitoring of progress, the predicted positions of future stations and timings for each transect. It was therefore possible to make revisions to the programme based on a set of hierarchical procedures to be implemented if ships fell behind schedule. A spreadsheet was used to monitor progress during cruise against planned timings.  
Cruise conduct
The survey started with transect SS03 on 11 January 2000 and was completed with transect AP19 on 11 February 2000. For logistic reasons the start and end times of each ships survey effort was slightly different (Table 1). However all survey tracks shown in Figure 1 were completed within a 32-day period thus achieving the synoptic objectives of the cruise. A total of 17424 km of transect were surveyed from an original planned distance of 18025 km (Figure 1). One consequence of ships starting at slightly different times is that ships were sampling all across the survey area in the middle of the survey. A number of deviations from the planned transects occurred due to the presence of ice along the survey track. This was particularly noticeable on transects around South Georgia where significant ice fields were found to the south and the west of the island.

A total of 136 net hauls were undertaken during the survey; of these 16 were targeted net hauls and 122 were oblique net hauls (Figure 2). On RRS James Clark Ross (UK) the use of an RMT8+1 M with two independently controlled nets allowed target and oblique station hauls to be carried out during the same haul, such hauls were carried out on 2 occasions. In these cases the first net was target fished and then once this net was closed the nets were lowered to 200 m before the second net was opened and the hauled obliquely to the surface.  The naming convention for the net haul samples is also shown in Figure 2. 

Post-cruise analysis

The primary focus of the CCAMLR-2000 survey was the estimation of Bo (the pre-exploitation standing stock biomass of krill). These analyses were carried out jointly in a workshop held at Southwest Fisheries Center in La Jolla, USA. This workshop took place in May/June 2000 and results were submitted to the CCAMLR Working Group on Ecosystem Management and Monitoring (WG-EMM) at the annual meeting in August 2000. The report from WG-EMM then went to the Scientific Committee for CCAMLR (SC-CAMLR) in November 2000. The results from these analyses are presented in Hewitt et al. (in press). 

While the derivation of a precautionary catch limit was the primary CCAMLR goal of the survey, it is obvious from Table 2 that many other measurements and observations on the krill-based ecosystem were made. The intensity and areal coverage of transects and stations combined with the synoptic time scale were recognized as an international resource that deserved detailed and careful analysis. To exploit these data sets the participants put in place a mechanism to jointly analyse and publish the results. A second analysis workshop was held in Cambridge in May 2001 and a timetable for publication was agreed. The analysis and publication of results to date have been co-ordinated by a Scientific Steering Committee (the first four authors of this paper). The resulting co-ordinated analyses are presented in this volume.

Core data from the CCAMLR-2000 survey have been deposited at the CCAMLR data centre in Hobart. Zooplankton samples (RMT8+1) from all participating countries are presently held at British Antarctic Survey, UK. In addition samples of krill preserved in 95% ethanol have been retained for future genetic studies on the population structure. Utilization of any future analyses of samples or data will be co-ordinated through the Scientific Steering Committee to whom all correspondence or queries should be addressed

Summary

The CCAMLR-2000 survey is the first large-scale multi-national, multi-ship survey in the Southern Ocean since 1979-80. Conducted using strict method protocols and within a 32 day time frame it provides a truly synoptic view of the oceanography, zooplankton, krill and higher predator biomass and distribution for the Scotia Sea and Antarctic Peninsula region. The innovative design of interleaved transects surveyed only during the hours of daylight has provided a comprehensive and robust estimate of krill biomass. 
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Table 1: Start of first transect and end of last transect for each ship participating in CCAMLR-2000 survey. Further details of  transect timing can be seen in Figure 1.

	
	Start date
	Stop date

	RV Atlantida
	17 Jan 00
	01 Feb 00

	RRS James Clark Ross
	18 Jan 00
	11 Feb 00

	RV Kaiyo Maru
	11 Jan 00
	02 Feb 00

	RV Yuzhmorgeologiya
	13 Jan 00
	04 Feb 00

	
	
	


Table 2: Summary of data collected by vessels during the CCAMLR-2000 Survey. ADCP – acoustic Doppler current profiler; CPR – continuous plankton recorder; CTD – conductivity temperature depth probe; EPCS – electronic plankton counting system; EK500 – Simrad EK-500 echosounder (38, 120, 200 kHz) with SonarData Echoview software; IWC – IWC Observers; JNCC – Joint Nature Conservancy Council Seabirds-at-Sea; LADCP – lowered ADCP; MAPT – meteorological automatic picture transmission; NORPAC – North Pacific standard net; RMT1 – rectangular midwater trawl 1 m 2 ; RMT8 – rectangular midwatertrawl 8 m 2 ; SeaWIFS – sea-viewing wide field-of-view sensor; XBT - expendable bathythermograph; XCTD - expendable CTD

	Type of measurement
	Vessel

	
	Atlantida
	James Clark Ross
	Kaiyo Maru
	Yuzhmorgeologiya

	Underway observations
	
	
	
	

	  Acoustic survey
	
	
	
	

	    Water column acoustic profiles 
	EK500
	EK500
	EK500
	EK500

	    Bathymetry
	-
	EA500 (12 kHz)
	-
	-

	  Physical oceanography
	
	
	
	

	    Meterological data
	Instruments
	Instruments
	Instruments, MAPT
	Instruments

	    Satellite images
	-
	-
	NOAA
	SeaWiFS

	    Current velocity and direction
	ADCP
	ADCP
	
	

	    Water temperature and salinity
	-
	Thermosalinograph
	EPCS, XBT, XCTD
	Thermosalinograph

	  Biological sampling
	
	
	
	

	    Chlorophyll
	-
	Fluorometer
	EPCS
	Fluorometer

	    Chlorophyll calibration
	Water samples
	Water samples
	Water samples
	Water samples

	    Zooplankton sampling
	-
	OPC
	EPCS, CPR
	-

	    Seabird and marine mammal obs
	National observers
	JNCC, IWC
	IWC
	IWC

	On-station sampling
	
	
	
	

	  Physical oceanography
	
	
	
	

	    Temperature and conductivity
	CTD
	CTD
	CTD
	CTD

	    Dissolved oxygen
	CTD
	
	CTD
	CTD

	    Current velocity and direction
	-
	ADCP
	LADCP
	-

	    Water samples
	To 1000 m
	To 1000 m
	To 1000 m
	To 1000 m

	  Biological sampling
	
	
	
	

	    Krill and other micronekton
	RMT8 (O)
	RMT8 (O/C)
	RMT8 (O)
	RMT8 (O/C)

	    Mesozooplankton
	RMT1
	RMT1, Bongo
	RMT1, NORPAC
	RMT1

	    Chlorophyll-a
	-
	?
	Y
	Y

	    Nutrients
	
	
	Y
	


Appendix 1: Acoustic Sampling Protocols

Echosounder: Simrad EK500 scientific Echosounder, Modified Firmware V5.3 (Modified for 1 ms 200 kHz pulse duration)

Transducers: Preferred models: 38 kHz: Simrad split-beam ES38-B, 120 kHz: Simrad split-beam ES120-7, 200 kHz: Simrad single-beam 200-28. Suboptimal models: 38 kHz: Simrad split-beam ES38-12, 120 kHz: Simrad split-beam ES120-9. The transducer mounting configuration should be documented and include blister, trunk, or towed-body dimensions and location on hull or location of tow-point; the window material and acoustic properties; the transducer depths, dimensions and relative locations. The transducers should be mounted in the same blister, well, or towed-body if possible.

Transceivers: TX1: 38 kHz split beam, TX2: 120 kHz split-beam, TX3: 200 kHz single-beam.

Settings: EK500 settings files to be used by all survey participants for the survey, calibration, and noise measurement operations; only settings determined by individual system calibrations may differ (eg. TS gain, Sv gain, beam angles, transducer depth, etc.). Following the initial calibration experiments, the settings files (see Appendices A-Survey; B-Calibration; and C-Noise Settings) should be updated  for the system specific settings (eg. TS gain, Sv gain, beam angles, transducer depth, etc.), and written to CD-ROM for retained integrity ("CD-master files"). No changes will be made to the settings after the initial or pre-survey calibration experiments. The system specific settings files should be downloaded to the echosounder using EchoConfig at the beginning of each survey day, and each calibration and noise experiment. After each time the settings files are downloaded to the echosounder, the echosounder settings will be queried and checked for differences from the CD master file.

Particularly Notable Settings: A pulse repetition rate of 2.0 seconds will be used for survey, calibration, and noise measurements. The Noise Margin will be set to 0 dB. Pulse durations of 1.0 ms will be transmitted at all three frequencies. Bandwidths will be wide, narrow and narrow for 38, 120, and 200 kHz, respectively. The transducer depths will be set to the nominal mounting depths for each transducer. A mean sound speed profile and mean absorption coefficients estimated for the entire survey area using CTD data from previous years will be used; all echosounders will be set with the same profile settings. Record Sv and TS for each ping and frequency from 0 to 500m. The time-varied gain will be set to 20logR for Sv and 40LogR for TS measurements. TS and Sv thresholds will be set to the minimum values of -100 dB. TS-Detection settings will be Min. TS = -100 dB; Min./Max. Echo length = 0.8/2.5; Max. beam compensation = 6 dB; and Max. phase jitter = 2 steps. EK500 time will be reset to correspond with logging PC/GPS time at the start of each day's survey. The Log Menu/Distance will be set only once to 0.0 nautical miles at the end of the initial calibration.

Data Logging: Data will be logged over an ethernet link with SonarData EchoLogEK and viewed and processed using SonarData EchoView software. For redundancy, the software will be run on two NT V4.0 Workstations with the following minimum configurations: 200 MHz Pentium II; 128 MB RAM; two 9 GB HDD; 4X CDROM writer. Data will be logged continuously on both workstations from the beginning of the first calibration to the end of the second calibration. On workstation No. 1, data collection will be viewed in real-time with SonarData EchoView software and written to CD at the end of each survey day. On workstation No. 2, data processing will be performed with SonarData EchoView software; at the end of the entire cruise, the entire data set will be written to a second set of CDs.

System Calibration: Standard sphere calibrations will be used. System calibrations will be performed at all three frequencies immediately before and after the survey in Stromness Bay, South Georgia (pre-cruise) and Admiralty Bay, King George Island (post-cruise). If at all possible, the transducer faces must be cleaned of debris and bio-fouling immediately prior to the initial calibration. Record must be made of the calibration: date; time; location; sea state (swell, wind, currents, ice); water temperature profile; salinity profile; sound speed profile; bottom depth; calibration apparatus; and ship's mooring configuration. The 38.1 mm WC sphere will be used as the standard target; all spheres will be purchased from a single production lot and each will be modified with small sputtered holes into which a single loop of monofilament attachment line will be glued. Theoretical TS=f(bandwidth and sound speed) will be obtained from Appendix D (theoretical TS values calculated for various anticipated sound speeds and for nomimal EK500 bandwidths). On-axis TS and Sa measurements will be made for each frequency at a range of 30m (see Simrad Calibration of the EK500/EY500 - P2260/859-043867/4AA011, pp 1-36). The EK500 transceiver gain settings will be set to the calibrated Sv and TS gains. The EK500 transducer beamwidths should be set to the transducer calibration specifications provided by Simrad, as adjusted for sound speed (see Appendix D). The EK500 transducer off-axis angles should be set to 0.0 degrees. During the entirety of both pre- and post-survey calibration experiments, all acoustic data will be logged using EchoLogEK. Lobe files will also be logged whilst the TS gain is determined for the 38 and 120 kHz split-beam subsystems. 

Multi-frequency Target Strength Calibrations: The effectiveness of a split-beam echosounder system to reject echoes from unresolvable scatterers, thereby improving the measurements of in-situ target strengths (TS) of individuals, is dramatically enhanced by combining synchronized signals from two or more adjacent split-beam transducers of different frequencies. By utilizing the angular positional information from one of the split-beam transducers, additional corresponding TS measurements were shown to be obtainable from a juxtaposed single-beam transducer. Multi-frequency TS measurements provided information about the identity of constituents in a mixed species assemblage. To determine the positional transform equations for each transducer, three-frequency TS measurements should be made of the 38.1 mm WC sphere as it is moved throughout the beams of the three transducers; all echo-trace data from this exercise should be logged using EchoLogEK. To check the system calibrations, to determine positional transform equations for each transducer, and to demonstrate the TS versus scatter size relationships, TS measurements should also be made of 13.7, 23.0, and 60.0 mm Cu spheres at each of the three frequencies as they are moved throughout the beams.During the entirety of these calibration experiments, all acoustic data will be logged using EchoLogEK. 

Inter-ship Calibration Comparisons:Selected shallow water survey transects in both Stromness Bay (start-end positions) and Admiralty Bay (start-end positions) will be repeated by each vessel; the seafloor scattering can thereby be used as the standard for comparisons. Sea state and ship speed and direction should be concurrently recorded with these measurements. 

Characterization of System Noise: Acoustic noise perceived by each of the three transducer/transceiver systems will be routinely monitored. Immediately following the conclusion of each day's acoustic survey effort, the Noise settings file will be downloaded to the EK500 and for 10 minutes the ship will transit under survey conditions (survey course and speed). A separate Noise file will be logged using EchoLogEK. Concurrent observations of vessel speed, sea state, and ship's course relative to the wind and swell conditions will be recorded. With a Sv echogram threshold = -75 dB, banding free ranges (observed TVG rainbow effect) will be determined for each vessel under benign sea and weather conditions, at a ship speed of 10 knots - degradation of these "noise-free" observation ranges in excess of 10% will trigger remedial action (e.g. slowing ship speed, locating and eliminating noise source, etc.). 

Survey Operations: Whenever possible, survey at a constant speed of 10 knots; decreasing speed to reduce noise or increasing speed to maintain schedule as needed (provided noise level is acceptable). Survey during daylight hours only (recording data both day and night). 

Additional Recommendations: At least one person from each participating nation should be aboard another country's survey vessel during both the calibration and survey operations. This observer/participant should be knowledgeable about bioacoustic equipment and surveys and have familiarity with the adopted protocols. Nations not providing a vessel might participate in the surveys by providing one or more persons knowledgeable about bioacoustic equipment and surveys. Every effort should be made to have or obtain redundancy in "mission critical" equipment (e.g. spare EK500, circuit boards, logging computer, gps, etc.). 

Appendix 2: Net sampling protocols

Standard Gear: The CCAMLR Working Group recommend the use of a standard type of net to avoid potential variation in catchability and selectivity of nets. The most appropriate type of net presently available is the RMT8+1 (Rectangular Midwater Trawl ; Baker et al. 1973). It was agreed at WG-EMM-99 that this net shall be used as the standard net for target and random hauls. Alternative gear, such as an equivalent IKMT type of net of 8 to 10 m2 mouth opening, shall only be used if the RMT net is lost or damaged to such a degree that it cannot be repaired. The net should preferably have a mesh size of  3 to 4 mm.  The net shall be equipped with a flowmeter to estimate the filtered water volume as accurately as possible, and a real-time time-depth-recorder (TDR) to follow the track of the net. 

Sampling strategy: this will depend on whether a ship has an opening/closing RMT or not. Ships with an opening and closing RMT8 system will undertake a station net haul at around local midnight, during the day these ships will undertake a targeted net haul if suitable targets are detected. Ships without an opening and closing RMT8 system will undertake a station net haul at around local midday and at around local midnight. 

Station net hauls: These shall be carried out in the dark period of each day (around local midnight). The timing of the midnight sample is constrained by the period of darkness. A table of sampling times that take account of the changes in length and time of the hours of darkness (due to variation in date and position) will be produced for each ship. A midday station net haul may also be carried out if target fishing has not taken place since daybreak (see Target net haul protocol) At each station a quantitative standard double oblique tow will be conducted from the surface down to 200 m (or to within 10 m of the bottom at stations shallower than 200 m). Such a depth range is considered to be the best compromise between the time available for sampling and the likely vertical depth range of krill. During the hauls a constant ship's speed of 2.5 ± 0.5 knots is suggested. It is recommended to maintain a wire speed of 0.7 to 0.8 m/sec (42 to 48 m/min) during paying out and of 0.3 m/sec (18 m/min) during hauling. The net mouth angle is remarkably constant during hauling within the speed ranges given above. When the net reaches maximum depth, the winch should be stopped for about 30 seconds to allow the net to stabilize before starting to retrieve the net.  If the net is hauled from the stern of the ship then the propeller of the ship should be stopped when the net reaches a depth of 15 to 20 m; this is to minimize the effects of the propeller action on the net operation and avoids damage of the samples. The total time of the net haul from surface to bottom to surface should be 40 minutes. The use of a real-time TDR is essential to maintain a smooth net trajectory and control the maximum fishing depth. Calibrated flowmeters will be used to give a measure of net speed during the haul as well as the total distance travelled. The flowmeter should be mounted outside the net opening to avoid clogging which may reduce the efficiency. The dependence of mouth angle to the vertical of net speed has been investigated for the RMT system. The formula of Pommeranz et al. (1982) should be used to calculated the filtered water volume for oblique hauls. (If horizontal hauls are used then the formulas of Roe et al., 1980, should be used). 

Target net hauls: Directed or targetted net sampling effort will be necessary to reduce the uncertainty associated with the delineation of krill in the acoustic data record (see planning meeting report para 10).  This sampling would be directed at a variety of “acoustic morphs”, some presumed to be krill and some presumed not to be krill. During the daytime acoustic survey period the following target fishing strategy should be adopted by those ships that have an opening and closing RMT8 net system:

· From the time of local apparent sunrise to local apparent noon conduct a directed tow if an acoustic morph of interest is detected and a reasonable chance of sampling it exists 

· If the directed tow is conducted between local apparent sunrise and three hours before local apparent noon, delay the CTD cast until local apparent noon 

· If a directed tow is conducted in the three hour period before local apparent noon, conduct the CTD cast at the same locale

· If no suitable acoustic morphs are detected by local apparent noon, conduct a standard oblique tow in conjunction with a CTD cast at the midday station. 

After the net haul the vessel will return directly by the shortest route to the acoustic transect line and continue the acoustic transect. 

Laboratory Sampling: Samples from RMT can range from a few grams to several kilograms in weight. The total volume of the net catch should be measured (total drained sample volume). For catches with a total volume of less than 1 litre all the sample should be sorted. The minimum requirement is that all the krill and salp specimens shall be counted and measured immediately after the catch. If at all possible then the rest of the zooplankton either should be identified to the species level and counted, or stored in 10% buffered formalin solution for later analyses
Subsampling: Samples that are too large to be sorted completely are subsampled volumetrically immediately after the catch. Subsampling of catches should be undertaken on samples suspended in sufficient seawater to ensure mixing. Total volume of sample and seawater should be recorded, the sample should then be well mixed and a known volume of sample/seawater mixture withdrawn rapidly. The subsample volume should be recorded and the ratio of sample to subsample calculated and recorded. Subsampling varies for different catch compositions

· if the sample size is larger than 1 litre and the sample mainly consists of krill : first the total drained sample volume has to be determined and recorded, afterwards a 1 litre subsample is taken randomly from the total samples and all krill and salp specimens are counted from this subsample (for measurements see below). For the remaining zooplankton fraction see above

· if the sample size is larger than 1 litre and the sample mainly consists of salps : first the total drained sample volume has to be determined and recorded, afterwards all krill have to be sorted from the total sample, counted and measured (for measurements see below). Finally a 1 litre subsample is taken randomly from the total samples and all salp specimens are counted from this subsample. For the remaining zooplankton fraction see above. 

Measurements of krill: The reductions in sample size have to be recorded properly to allow the extrapolation from the subsample to the total sample size for each of the sample components (krill, salps, zooplankton). These data together with information on fishing depth and filtered water volume will allow the necessary standardization of krill densities and length density data (per m2 or per 1000 m3) 

· Total volume of krill in the sample (or subsample) should be measured. Participants should use a displacement volume or a wet weight with an accuracy of 0.1 grams. The method should be consistent throughout the cruise. If time and resources permit data on length-weight relationships should be established for different parts of the survey area (e.g. for each statistical Subarea) and separately for 3 groups of krill (adult males, gravid females and all other krill - see Morris et al., 1988 for further details of this classification). If this is to be conducted on the ship then about 10 specimens per length class should be pooled and weighted. The station number must be recorded for each of the 10-specimen-measurement. 

· The standard length measurement is total length as defined by the Discovery method (AT) from the anterior margin of the eye to the tip of the telson without the terminal spines. The standard  unit is given in mm below , with an accuracy of 1 mm size classes. All measurement on each vessel should be done by one person to remove observer variation (see Watkins et al. 1986). Samples which contain less than 150 krill are used in total for length measurements and maturity stage identification. For larger krill catches a minimum of 150 krill shall be measured and staged.

· Krill sex and maturity stages should be identified using the classification of Makarov and Denys (1981, BIOMASS Handbook) 

Measurements of salps: If possible all salps should be removed from samples smaller than 1 litre and counted. From larger samples a random subsample of 1 litre should be taken (see above). Please note the different species Salpa thompsoni and Ihlea racovitzai as well as the different forms (aggregate/solitary). If possible a minimum of 100 specimens per species should be measured. The internal body length (see figure and Foxton 1966) should be measured to the mm below with an accuracy of 1 mm size classes. 

Other zooplankton from the RMT8 samples: If possible all other macro-zooplankton should be identified to the species level, either from fresh material immediately after the catch or from preserved samples. Special attention should be given to other euphausiid species and early life history stages of fish species. After sorting the larger organisms from the sample/subsample, the smaller constituents (e.g. krill larvae) should be sorted using dissecting microscopes. In case of high krill larvae abundance further splitting into subsamples might be necessary. If possible the sample or subsample of other zooplankton should be preserved. If possible length measurements should be carried out for key species like Thysanoessa macrura (tip of the rostrum to tip of the telson, mm below, 1 mm size class) and other euphausiid or fish species.

Preservation of krill: It is important that samples of krill are preserved for checking or future studies. It is recommended that if sufficient krill are available then the following strategy should be adopted. 

· a sample of 50 krill should be preserved in ethanol for genetic studies. A minimum of 90% ethanol with a volume 10 times the volume of krill is recommended 

· a subsample of krill which have not been processed should be preserved in formalin as a back-up data set 

· the krill that have been measured and staged should be preserved in formalin. 

Preservation of other zooplankton: A subsample of other zooplankton should also be preserved in formalin when possible. 

Appendix 3: CTD sampling

Standard CTD: The preferred CTD unit for the CCAMLR Synoptic Survey is a Sea-Bird 911 plus. The nations  (Japan, UK and the USA) currently participating in the survey each possess CTDs of this type. This CTD has three sensors; a series 410K-105 Digiquartz pressure transducer, a SBE 3 plus temperature sensor,and a SBE 4C conductivity sensor. In the standard configuration of the Sea-Bird 911 plus the SBE 3 plus and the SBE 4C sensors are connected to a SBE 5 T submersible high-speed pump. The preferred mounting orientation of the CTD is horizontal, this is so that the flow of water within the rosette frame is as good as possible on both the down-cast and the up-cast.

Accessory instrumentation:It is highly desirable that  the CTD package carry a suitable means of independently verifying water temperatures at standard water bottle sampling depths,for example reversing thermometers or an SBE 35 Reference Temperature Sensor. For stations where the bottom of the cast is likely to be near the seabed, a suitable means of detecting the bottom is required, for example an acoustic pinger (Japan and UK), or an altimeter (USA). Such additional equipment, together with any other ancillary equipment mounted on the frame should not compromise water flow over the CTD sensors. This CTD package should be fitted with adequate ballast to ease deployment in heavy seas.

Water sampling equipment: The CTD should be mounted within a suitable carousel water sampler capable of carrying sufficient suitably sized sampling bottles. The bottles themselves should have external closure mechanisms, or internal Teflon-coated springs. 

Data acquisition: The CTD data should be logged via the SBE 11 plus deck unit to a suitable PC (Pentium or high-level 486) running Seasoft Data Acquisition Software (Sea-Bird Electronics Inc.).The preferred version is Seasoft version 4.221, or later, for DOS. Problems have been reported with Seasoft for Windows, though these may now have been fixed. It is recognised that it is not possible to standardise the post processing software. Japan currently uses CONT3D (NRIFSF, Shimizu), the USA uses Ocean Data View version 4 (AWI, Bremerhaven) and the UK uses PEXEC (IOS, Southampton). Japan is currently considering changing to Ocean Data View. 

Auxiliary equipment: A suitable laboratory salinometer is required for determining water bottle salinities. Each of the participating nations (Japan, UK and USA) currently possesses a Guildline Autosal 8400B. 

Pre-cruise sensor calibration: All sensors on the CTD and on accessary, or auxiliary equipment should be laboratory calibrated both prior to, and following the cruise. The calibrations should be carried out by a professional laboratory appropriate to the task. Details of the calibrations should be archived for future reference. Any spare sensors should also be calibrated. 

Pre-survey software setup: Prior to the survey the current sensor calibration parameters should be set within the Seasoft SEASAVE module. This will only need to be carried out once, unless the sensors on the CTD are changed during the survey. Various other SEASAVE options should also be set prior to data acquisition. It is recommended that the recording rate should be set to the maximum 24 scans for each channel per second. The header data should be kept to a minimum, but should include vessel name and cruise number. It is also suggested that the PC status line variables should be set to display pump status, pressure, temperature (IPTS-90), salinity, and density (?0), and that the display type should be set to be overlaid X-Y plots. It is recommended that the display should include pressure (Y-axis) versus each of temperature (IPTS-90), salinity, and density (?0) (X-axis). It is likely that the scale for these X-Y plots will require alteration throughout the cruise. 

Test deployment: A test deployment should be carried out prior to the main survey. This cast should be treated on a par with all survey stations. The test deployment should be to a depth equivalent to the deepest  planned deployment in the survey. Water samples should be taken at pre-planned depths. 

Station protocol: 

Pre-station preparations: Immediately prior to arriving on station, the water sampling bottles should be cocked and the CTD  readied for launch. The depth to the sea bed should be monitored to see if it is necessary to use an acoustic pinger or altimeter. Communication should be established between the winch driver, the deck operators and the CTD laboratory. Prior to data acquisition the PC clock should be synchronised with GMT. Local times and the time zone should also be noted. The Seasoft module SEASAVE should be executed in preparation for data acquisition. Appropriate files should be setup in readiness for the cast. Although a common file naming convention is desirable, it is unlikely to be achieved, given the existing protocols on board each vessel. It is therefore paramount that station identification is possible from each national convention. 

On-station deployment: When the ship is settled on the station the CTD may be deployed. The exact latitude and longitude should be noted. The water depth and time (GMT) should also be recorded. As the CTD is deployed the SBE 11 deck unit should be turned on and the rosette firing mechanism should be armed. As the package enters the water the winch cable metering system should be zeroed, or the amount of cable out recorded.  The CTD package should be halted at approximately 8 metres depth, where it should be left to equilibrate. During this period the status of the SBE 5 T pump should be monitored to ensure that it switches on. After the equilibration period (dependent upon instrument load) the CTD package should be hauled to the surface after which the main deployment should commence. The depth and time (GMT) at the start of the main descent should again be recorded. 

The down-cast: The CTD package should be veered at a rate not exceeding 70 m min-1. Near the surface, this rate may be less to reduce problems associated with the heave of the ship.  The CTD should be lowered to the desires depth and for stations where the cast will approach near-bottom the acoustic pinger or altimeter should be monitored. The CTD package should be lowered at the full speed until the sensors (wire-out, ships sounder, CTD pressure sensor, altimeter, acoustic pinger) indicate that the package is approximately 30 m above the bottom. At this point the veering speed should be reduced and the winch finally stopped with the CTD a safe height above bottom. The distance above the sea-bed will depend upon bottom topography, current speed, weather conditions, wire out, and a range of other factors specific to each deployment and platform. The maximum depth of each cast will depend upon one of two criteria: firstly, the available ocean depth, and secondly the default depth agreed for the survey (1000 m). 

At maximum depth: At the maximum depth the exact latitude and longitude should be noted, as should the time (GMT), depth and the amount of wire out. The first bottle should also be triggered. The package should remain stationary before and after the bottle is triggered, depending upon the thermal response time and the sampling period of any accessory temperature recording equipment. Whilst at maximum depth any wire-washing equipment should be switched on. 

The up-cast: The CTD package should be hauled at a rate not exceeding 70 m min-1. All subsequent water sampling bottles are tripped during the upcast. Water should be sampled from pre-determined depths in order to allow independent salinity determination. Water should be sampled in regions of little vertical gradient, yet the samples should span the depth and salinity range of the water column. As other protocols (primary production, nutrient analysis etc.) may dictate that water is sampled from particular levels, care should be taken to ensure adequate samples are taken for salinity determination; these salinity samples should not be compromised. 

End of cast: After the last bottle is tripped the CTD should be brought on deck without stopping at the surface (although conditions may dictate that the winch operators require to stop at some point). The package should not be re-covered with bottles still cocked as they may trip accidentally during recovery. As the package leaves the water the exact latitude and longitude should be noted, as should the time (GMT), depth and the amount of wire out.  The SBE 11 deckunit should be turned off after noting instrument status. 

Post processing

Salinity Samples: Salinity samples should be taken from all CTD casts at the bottle depths prescribed. The salinity samples should be taken in 200 ml glass medicine bottles (or suitable equivalent), with each bottle being rinsed three times before being filled to just below the neck. The rim of the bottle should be wiped dry with chlorine-free tissue, a plastic seal inserted and the screw cap replaced. The salinity samples should then be placed near to the salinometer for at least 24 hours before measurement. This will allow the sample temperatures to equalise with that of the salinometer. The salinometer should be located in a room where through traffic will not cause disturbance to the ambient temperature, thereby ensuring a stable room temperature. The temperature of the room should be monitored and recorded. The salinity samples should be analysed using standard seawater; the batch number should be recorded. One vial of standard seawater should be run through the salinometer at the beginning and end of each set of samples to enable a calibration offset to be derived and to check the stability of the salinometer. 

Reference temperatures: Where reference temperatures are available, for example from reversing thermometers or from a SBE 35 Reference Temperature Sensor, they should be used in the post-processing of the CTD data. 

The quality of the conductivity calibration: After applying the calibration coefficients and adjusting for the residual offset, the salinity of the bottle sample should be differenced with the derived CTD salinity. After rejecting outlying samples, the mean of the remaining samples and the standard deviation should be documented The residual offset applied to each cast after calibration should be documented. 

Data processing: It is recognised that CTD data are processed differently on each vessel. The downcast should be used as the principal data record. Initial processing will make use of Seasoft, however more detailed analysis is likely to require access to other software such as CONT3D (Japan), Ocean Data View (USA), PEXEC(UK). However, CTD data should be bin-averaged to 1 dbar. Data files should include all raw data such as conductivity, temperature (IPTS-90) and pressure, as well as derived data. Hard copy data (log sheets, downcast plots and salinometer sample details) should be archived. 

Station sampling

Station sampling depths: It is proposed that CTD casts over continental self areas should sample to the near-bottom, that is within 10 m of the sea bed (depending upon conditions).A shelf station is arbitrarily defined as any station where the water depth is less than 1000 m. CTD casts over the open ocean should sample to 1000 m. An open ocean station is arbitrarily defined as any station where the water depth is greater than 1000 m. 

Depths for water bottle salinity sampling: In order to sample the water column for salinity calibration, the water sampling rosette should be triggered at the bottom of the cast, at 800 m, 600, 400 m, 200 m, 150 m, 100 m and at 30 m. Where additional depths are sampled (for accessory sensors) salinity samples may also be taken. Not all of the sampling depths will be possible over shelf areas. 

Proposed bottom depth: One of the principal water masses of the Antarctic Circumpolar Current (ACC) is Circumpolar Deep Water (CDW). This is divided into Upper CDW (UCDW) and Lower CDW (LCDW). UCDW has recently been shown to be an important defining factor in the southern extent of the ACC (Orsi et al., 1995). Consequently, sampling to encompass UCDW would be advantageous. It is suggested that the climatological level of UCDW should therefore be examined, so that the time overhead can be determined should sampling to these levels be agreed. A preliminary literature search (Peterson and Whitworth, 1989; Orsi et al., 1995) suggests that this overhead will be minimal. 

Figure legends
Figure 1. Acoustic transects carried out during the CCAMLR2000 Synoptic Survey. A. The 25 km waypoints of the planned transects are shown (+). The boundaries of FAO statistical subareas (Subareas 48.1 – 48.4) are shown in blue. The main acoustic stratum are shown in black (Sand –South Sandwich Islands, SG – South Georgia, SO – South Orkneys, SS – South Shetlands). The thick coloured lines represent the actual transects run by the by RRS James Clark Ross (purple), RV Yuzhmorgeologiya (red), RV Kaiyo Maru (green) and RV Atlantida (blue). Figure 1B shows the time course of the survey. Each colour represents one week as follows: red 10 – 16 January 2000, orange 17 – 23 January, green 24 – 30 January, blue 31 January – 6 February, purple 7 – 13 February 

Figure 2. RMT8 net sampling stations for the CCAMLR2000 Synoptic Survey. A. The overall distribution of net haul stations with oblique station hauls (+) and target identification hauls (X). Details of net haul sites in Scotia Sea (A) and Antarctic Peninsula (B) regions are shown. Colour of symbols indicate ship responsible for taking samples (blue – RV Atlantida, red – RV Yuzhmorgeologiya, purple – RRS James Clark Ross, green – RV Kaiyo Maru. Black numbers in circles indicate the transect numbers. Three or four figure station identifiers are made up as follows: the two figures at the right of the number represent the station number for each ship, the one or two figures at the left of the number represent the  transect (01 to 20) or the mesoscale stratum (respectively 30 – South Georgia, 40 – South Orkneys, 50 – South Shetlands, 60 – South Sandwich Islands).  
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