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Abstract

The third session of the Living Marine Resources Panel of the Global Ocean Observing
System (LMR-GOOS-III) was convened in Talcahuano, Chile, 8-11 December 1999. At
this session the Panel designated five LMR contributions to the GOOS Initial Observing
System, and identified three LMR-GOOS pilot projects. Additional discussions focused
on the initial design of the LMR-GOOS Strategic Design Plan, and the Panel approved a
preliminary outline. An important element of the session was a Stakeholders’ Meeting,
intended to collect input on LMR-GOOS from the national and local user communities.
A number of Chilean government agencies and private sector interests were represented,
and their recommendations are included in the report.
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1. WELCOME AND INTRODUCTIONS

The meeting was brought to order at 0900 on 8 December 1999 at the Instituto de Investigaciones
Pesca (INPESCA) in Talcahuano, Chile. Dr. Dagoberto Arcos, Director of INPESCA and co-chair of the
LMR-GOOS Panel welcomed the panel on behalf of his institute. Apologies were noted for Mike Sinclair,
Bodo von Bodungen, Kwame Koranteng, John Pope, Katherine Richardson, and Daniel Lluch-Belda. Mike
Sinclair was represented by Kees Zwanenburg. Sonia Batten was welcomed as a representative of the Sir
Alister Hardy Foundation for Ocean Science, and Roger Harris was welcomed as the representative of
International GLOBEC. It was explained that Carlos Garcia had resigned from the Panel and would be
replaced at the next meeting by Trevor Platt.

The panel thanked the Food and Agriculture Organization of the United Nations (FAO), the 10C
and NOAA for their support of the meeting. The U.S. GOOS Office at Texas A&M University, and
Maureen Reap in particular, were thanked for providing travel support for meeting participants.

Dagoberto Arcos explained the meeting schedule and transportation arrangements. Ned Cyr,
Technical Secretary for LMR-GOQS, explained the reporting arrangements. Sonia Batten was designated
rapporteur for the meeting.

2. OPENING REMARKS

Warren Wooster, Panel co-chair, offered some personal thoughts on the development of a strategic
design and implementation plan. These views do not necessarily represent panel consensus.

How shall we proceed from the conceptual (strategic) design to an implementation (tactical) plan? It
is a temptation to remain at the strategic level because it is possible to generalize and thus avoid the
heterogeneity of innumerable local plans. An acceptable future monitoring scheme would lead to useful
products — at least now-casting (the description of the current state of the ecosystem) and eventually
forecasting of future states. What sort of forecasting might be expected?

The output of a practicable monitoring system might include routine information on the time and
space variability of the surface layer physical conditions (e.g., T, S, wind forcing, circulation), primary
production (derived from remotely-observed surface color), and community structure of larger zooplankton
(from CPR), plus irregular information on the abundance and distribution of higher trophic levels (from
observers and from fishery data). Using this output, a centralized mechanism for data compilation and
analysis should be able to provide useful now-casting.

To produce forecasts will require the use of models relating knowledge of the present state of the
ecosystem, including the history of its development and rate of change, with the production (including
recruitment and growth) of species of interest. Development of such models is a necessary ingredient of
research (e.g., GLOBEC) that supports the development of GOOS. As in the case of now-casting, data
compilation and analysis is a necessary function of regional analysis centers.

Questions of scale and allocation of responsibility arise in considering the implementation of the
LMR observing system. For example, although the reports of LMR-GOQS | and Il stated that information on
reproduction of species of interest should be included, monitoring these processes seems more appropriate
for national fishery laboratories, except to the extent that reproductive products (e.g., eggs and larvae) are
sampled as zooplankton. More generally, monitoring of individual fish stocks, and analysis of fish catch data
required for detailed operational use by fishing fleets and by managers of the fishing activities of those fleets
are the responsibility of national fishery agencies or, collectively, of FAO.

What then is the nature of the forecasts that LMR-GOOS hopes will result from the monitoring
system it is proposing? This question should be addressed by the panel.
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3. REPORTING ON RELEVANT ACTIVITIES

Successful implementation of GOOS will depend on strong linkages to ongoing research programs,
routine observing systems and international organizations with mandates to conduct ocean observing.
Liaison with a number of these, such as GLOBEC, FAO, SAHFOS, ICES and PICES has been continuous
throughout planning for LMR-GOOS. It is stressed that linkages between these programs and LMR-GOOS
must continue through the planning phase and into implementation.

The following programs presented brief status reports to the panel.
3.1 GOOS - STATUS OF OVERALL PLANNING

Significant progress has been made in planning for the four GOOS strategic design modules. The
Climate module remains the most advanced, with the GODAE experiment and its supporting Argo project
serving as advanced pilot projects. C-GOOS and HOTO-GOOS have completed their design strategies and
are considering the development of their implementation plan. The LMR-GOOS, C-GOOS and HOTO-
GOQOS panels will merge in late 2000 and produce a joint implementation plan.

The 10C, in conjunction with the World Meteorological Organization, has undertaken a new
initiative called the Joint Technical Commission for Oceanography and Marine Meteorology (JCOMM).
JCOMM will integrate mechanisms for the collection and management of data from the upper ocean and
atmosphere.

Regional GOOS bodies continue to develop. To date, there are NEARGOQS, EuroGOOQS,
MedGOOS, Pacific GOQOS, Africa GOOS and IOCARIBE GOOS. Most of these regional bodies are
concerned with coastal physical observations. None has yet included in its observing programs the
ecosystem observations that are required for LMR-GOQOS. Panel members were encouraged to work with
relevant regional GOOS bodies to ensure that they reflect GOOS priorities in all four strategic design
modules, not merely coastal and climate.

The Joint Data and Information Management Plan (JDIMP) was reviewed by the LMR panel in July
1999, and generally found to be insufficient for the panel’s needs. The JDIMP is being revised and the next
draft will be provided to the panel for review in early 2000.

The first GOOS Commitments meeting was held in Paris, 5-6 July 1999. This was an opportunity
for representatives of governmental, intergovernmental and non-governmental organizations to commit the
observing systems that are intended to be included in GOOS. A number of ongoing observing programs
were identified as contributions, and most were concerned with physical observations, though some included
biological monitoring systems.

The International Ocean Color Coordinating Group (IOCCG) has agreed to advise GOOS on system
requirements for ocean color observations. In order to provide consideration of ocean color requirements in
the LMR-GOOS design strategy, and to provide the LMR panel’s input to the IOCCG, the chair of the
IOCCG, Trevor Platt, has been requested to join the LMR-GOOS panel.

3.2 INTERNATIONAL COUNCIL ON THE EXPLORATION OF THE SEA (ICES)
The 87" ICES Annual Science Conference was held in Stockholm in late September 1999. There

were a number of resolutions that were adopted by the delegates that are very relevant to LMR-GOOS.
These are discussed in Annex VI.
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3.3 NORTH PACIFIC MARINE SCIENCE ORGANIZATION (PICES)

PICES has planned or underway a wide range of monitoring and research relevant to LMR-GOOS.
PICES main scientific program is the Climate Change and Carrying Capacity Program (4-Cs). One aim of
this program is to understand the processes that govern climate change in the subarctic Pacific. Because
large-scale sampling of physical, chemical, and biological regimes on climate time scales is inadequate, in
1998 PICES established the MONITOR Task Team to develop a climate monitoring program. The
monitoring elements developed by the MONITOR Task Team could be considered for incorporation into the
GOQOS-LMR plan.

The MONITOR Task Team met in Vladivostok, Russia in October 1999. The following items of
discussion from that meeting are relevant to LMR-GOOS.

< Shipboard climate sampling - Sampling currently conducted by survey and research vessels in the north
Pacific generally covers some physical, chemical and biological variables, but is not uniform among the
various ships. The suite of variables measured is not standardized and different measurement techniques
are employed. Also, there are significant differences in the east-west coverage.

e Zooplankton monitoring plan - At the first Task Team meeting in 1988, the team recommended that
systematic, large-scale measurements of interannual variability of N. Pacific zooplankton composition
and abundance be initiated. In 2000 a two-year CPR sampling program will begin. Two lines will be run
initially. PICES would like to see this program imbedded in the initial GOOS plan. PICES also intends to
work with GOOS to develop a long-term strategy for a zooplankton database.

e Array for Real-Time Geostrophic Oceanography (Argo) - The Task Team strongly endorses the Argo
plan. PICES hopes that Argo measurements in the subarctic will be initiated soon. It is recommended that
PICES facilitate deployment of the array.

< Deployment of ecological moorings - The Task Team was supportive of the pilot studies that have been
initiated to moor suites of meteorological and oceanographic instruments in the subarctic. A two-year
program has been undertaken by the Pacific Marine Environmental Laboratory of NOAA near ocean
Station PAPA. The first mooring was deployed in September 1998 and a second in September 1999. The
Task Team concludes that there will be a large scientific payoff for these efforts and recommends that
these scientific and engineering studies be continued.

e Calibration studies of sampling gear - Calibration of various systems must be undertaken to resolve
sources of error. The Task Team is undertaking a survey of the scope of the problem. Results of a
comparison of the performance of two plankton sampling nets was presented at the 1999 meeting. The
initial sampling design of this study showed that about 40 pairs of measurements were needed to
successfully compare net performance. The Task Team will facilitate further critical comparison studies.

3.4 SIR ALISTER HARDY FOUNDATION FOR OCEAN SCIENCE (SAHFOS)

Since the LMR-GOOS-II meeting in March 1999 the Continuous Plankton Recorder (CPR) survey
has become part of the GOOS Initial Observing System. The SAHFOS Council has also approved a draft
data policy for CPR data which fully complies with the developing data policy of GOOS. Although details
of the data licence agreement are still being finalised, CPR data are free of charge to the user with only a
nominal computing charge levied for the cost of processing and delivering the data product.

In July of 1999 a new project began with SAHFOS as the main partner, supported by the UK
Department of the Environment, Transport and the Regions, to further develop the U-Tow into an
operational instrument for Ship of Opportunity (SOOP) use. This project involves polling the ships that
currently deploy the CPR to obtain comments and identification of problems from their perspective with
deploying the U-Tow. Further trials on SOOPs will also be undertaken and comparisons made between the
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sampling characteristics of the U-Tow and the CPR. At present the U-Tow has proved reliable and capable
of undulating to depths of approximately 60m at speeds of up to 16 knots but it has not yet been towed
unaccompanied. This project will move towards that goal.

A proposal was submitted, and funding received, during 1999 for a two-year program of CPR tows
in the NE Pacific. This project was proposed by the MONITOR Task Team of the PICES Climate Change
and Carrying Capacity program. Sampling will start in the spring of 2000 and further details can be found in
section 5.2.1, where it is described as a potential Pilot Project.

SAHFOS also proposes that data for two plankton indices will be posted on its Web site, and
updated monthly as part of its commitment to GOOS. Phytoplankton Colour and the abundance of the
copepod Calanus finmarchicus have both shown strong links with northern hemisphere climate variables
and clear long-term trends. Colour has proven to be a reasonable proxy for phytoplankton abundance and C.
finmarchicus is probably the most abundant copepod in the north eastern Atlantic. The Colour index is
assessed almost as soon as the samples are returned to the laboratory and so data could be posted within a
few weeks of sampling. The copepod abundance will take longer to determine for the entire sampled area,
however, it is hoped that data would be made available within a year of collection, as a maximum, and
probably often on a shorter time scale. It is expected that data will be available beginning in 2000.

3.5 GLOBAL OCEAN ECOSYSTEM DYNAMICS (GLOBEC)

Roger Harris reported briefly on GLOBEC developments since LMR-II, with emphasis on aspects
of particular relevance to LMR-GOOS. The Implementation Plan for the IGBP/SCOR/IOC International
GLOBEC Program has been published as IGBP Report 47. The GLOBEC Focus | (Retrospective analyses
and time series studies) and Focus 3 (Predictive and Modeling capabilities) were highlighted as being of
special common interest between the two programmes, while the Foci on Process Studies (Focus 2) and
Feedbacks from Changes in Marine Ecosystem Structure (Focus 4) also have some potential for linkage with
GOOS.

At many places in the GLOBEC Implementation Plan there are specific references to GOOS-
GLOBEC linkage. For example, Task 3.3.3 “Make available the observations and modeling methodologies
for development of the Global Ocean Observing System (GOOS) particularly the Living Marine Resources
(LMR) module” has the objective of transferring relevant GLOBEC sampling and modeling methodologies
to GOOS. GLOBEC is also developing a series of cross-cutting framework activities which require attention
from all components of international GLOBEC. These are the efforts which will provide the “value added”
of the co-ordinated international program and will ensure that, at the end of the GLOBEC program, results
from all the regional studies and national programs can be compared and integrated to obtain the global
synthesis that is the ultimate goal of the project. These Framework Activities also are potentially highly
relevant to LMR-GOOS, especially the series of initiatives on “Sampling and models: protocols and
intercomparison”.

This work which aims to ensure that the measurements made by, and models used in, GLOBEC are
as comparable as practically possible, thus aiding global synthesis, will be of benefit to the GOOS. Again
there is explicit reference to this in the Implementation Plan. For example, subtask 5.1.2 has as its objective,
to “Develop collaborations with GOOS efforts, especially those of the LMR and Coastal modules”. Task 8.3
states that "To underscore the importance of this GLOBEC activity, other evolving and future programmes
(e.g., GOOS-LMR) will likely base some of their observational methodologies and standards as well as
modeling components upon the framework of the GLOBEC program”. Having emphasised the common
interest of the two programmes, it is recognised that linkages between GLOBEC and GOQOS need to be
established early, both to develop information flow and to evaluate potential GOOS protocols, locations, and
sampling designs.

To this end it was agreed that a GOOS-GLOBEC Liaison Group be established to explore and
develop opportunities for mutual support between LMR-GOQOS and GLOBEC. This group would work with
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the GLOBEC International Project Office in Plymouth, particularly through the IPO Director Dr. Manuel
Barange and the recently appointed Data Manager, Hester Willson.

3.6 INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION (I0C)

The 10C has a number of activities related to LMR-GOQS activities. Large Marine Ecosystem
(LME) monitoring and assessment projects continue to be developed. Four projects are now in
implementation, or have received project development funds from the Global Environment Facility (GEF).
The Gulf of Guinea LME project is the most advanced, and has been in operation since 1995. The project is
based on observations in three modules — productivity, fish and fisheries and ecosystem health — which are
implemented in six West African countries. Phase Il of the project is now planned, in which additional
countries would be included, as would two additional modules — socioceconomics and governance. A
project is also in planning for the Benguela Current LME. South Africa, Namibia and Angola received a
GEF planning grant and are in the process of preparing a Transboundary Diagnostic Analysis (TDA) and a
Strategic Action Program (SAP) for the project, which intends to employ the same five-module strategy as
the Gulf of Guinea Phase Il. This project has been selected as an LMR-GOQS pilot project. The Yellow Sea
LME project (People’s Republic of China, Republic of Korea and Democratic People’s Republic of Korea)
has also received GEF project development funds and plans to employ the same five-module strategy as the
Gulf of Guinea LME and Benguela Current LME projects. A Humboldt Current LME project has applied
recently for GEF Block B funds.

In response to a request by the LMR- and C-GOOSpanels, the I0C has undertaken an inventory of
existing marine observing programs globally. It is intended that this inventory will help the panels to
identify where regional observing capacities exist, and where they require augmentation. The inventory is
being approached on two fronts. First, a letter was sent to all IOC Member States asking them to identify
their observing systems which are relevant to GOOS. Second, an 10C consultant has been hired to review
web sites of governmental, intergovernmental and non-governmental organizations relevant to GOOS to
identify ongoing observing programs. The results of both searches are being put into a map-based
information system that will allow the observing systems to be identified by country or region, or to be
searched by subject area.

3.7 FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS (FAO)
The FAO representative submitted the following statement.

FAQ’s intended contribution to GOOS (FAO meta-assessment of fishery statistics, the FIGIS
information system, the system of sustainability indicators currently under development, and the biennial
FAO Review of the State of World Fishery Resources) remains the same as that reported from LMR-I and
LMR-II.

The recent information that the question of status and trends in "critical coastal habitats" (large
tropical estuaries, mangrove forests, seagrass beds, etc.) other than coral reefs is not being covered in the
GOOS Coastal Module, as earlier understood to be the case, is an item of concern. These issues were cited
by FAO very early in the LMR-GOOS module development process as perhaps the item of foremost interest
to FAO in terms of information to be gained from GOOS in support of FAQ’s basic activities.

It is suggested that the Coastal Panel’s neglect of these issues will need to be remedied by action of
the LMR Panel in order to avoid this important set of issues "falling through the cracks" of GOOS planning
module development.

The advent of the idea of development of LMR-GOOS "regional analysis centers" may involve
some potentially problematic issues of mandate and responsibility within the UN system. FAO is the UN
agency with the mandate for fisheries and fishery resources status and trends issues. It is important that the
development of this idea be done very carefully, and in full consultation with FAQO in order to ensure that
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the UN continues to speak with a unified, coherent voice on fishery resource status and trend issues. Clearly,
FAOQ is currently the only UN agency with adequate dedicated resources and professional staff with required
experience and competence to handle this class of issues responsibly and consistently. The impending
amalgamation of the LMR-GOOS Module with the Coastal and HOTO (Health of the Ocean) modules raises
further concerns as to the potential for diffusion of UN focus and responsibility on LMR issues. It is very
important that FAO be consulted and fully involved in these developments at the policy level as well as at
the scientific level, in order that LMR-GOOS and FAO reach an effecting working relationship that can
serve to benefit global living marine resources management. This matter requires substantial immediate
attention. FAO continues to be committed to support of the development of the LMR-GOOS planning
module though its projected "lifetime" (i.e., year 2000).

4. REPORTS ON INTERSESSIONAL WORK

A number of assignments were made at LMR-I1I for intersessional work, and panelists reported on
progress.

4.1 LMR-GOOS CONTRIBUTIONS TO THE GOOS-I0S

At LMR-II, panelists were requested to identify ongoing programs that were consistent with the
general principles of GOOS and with the approach of the LMR-GOOS panel. These programs would then be
considered by LMR-IIl as candidates for the GOOS-IOS. The following programs were presented and
discussed at LMR-III, and have been nominated by the panel as candidates for the 10S.

An additional project, The East Coast of North America Strategic Assessment Project (ECNASAP)
was presented as a candidate for the 10S. ECNASAP provides an excellent example of the information and
analytical capabilities required to support assessment of climatic and anthropogenic impacts on living
marine resources from an international perspective. However, because data collection ceased in 1994, the
project cannot be considered an existing observing system. Information on ECNASAP is included in
Annex V, and ECNASAP will be considered as a potential model for the activities of the proposed Regional
Analysis Centers.

4.1.1 California Cooperative Oceanic Fisheries Investigations (CalCOFI)

The California Cooperative Oceanic Fisheries Investigations (CalCOFI) is a collaboration of the
Marine Life research Group of the Scripps Institution of Oceanography; the Coastal Fisheries Resources
Division of the Southwest Fisheries Science Center, NMFS/NOAA; and the Marine Division, California
Department of Fish and Game, Resources Agency. The program has routinely sampled the physical,
chemical, and biological properties of the California Current System during the last 50 years. Recent data
are available on the Web site, [http://www.mlrg.ucsd.edu/calcofi.html].

The sample pattern and suite of properties measured on the ‘core' time-series cruises has changed
several times over this period. Initially an extensive grid of stations from the tip of Baja California to
beyond Cape Mendocino was covered monthly. From 1961 — 1965, sampling was quarterly, and between
1966 and 1985 it was at three-year intervals. Since 1985 the frequency of sampling has been quarterly and
sampling has focused on the region between Point Conception and the U.S. border with Mexico. The sample
grid covers 94,000 square miles with 66 stations spaced at 20 to 40 nautical mile intervals. Each station
consists of a series of 3 net tows [oblique bongo, Manta (neuston) tow, vertical pairovet (fish egg) tow], a
CTD-Rosette cast (continuous measurements of T, S, PAR, fluorescence, O,, transmittance) and 20-24 10
liter rosette bottles are tripped in the upper 500 m for chemical determinations (S, 02, chlorophyll,
nutrients). Primary production is measured once per day at the station coincident with local apparent noon.
In addition to the station work, continuous measurements are made with ADCP (currents and backscatter),
underway sampling system (T, S, chl-fluorescence, PAR), and the CUFES fish egg sampling system.
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The CalCOFI hydrographic data are processed rapidly and are distributed in printed data reports and
via the web (where the entire 50-year data set is available and can be searched). CalCOFI plankton samples
are sorted by National Marine Fisheries Service (USA) for biomass and the abundance of fish eggs and
larvae, and the data are curated there. The plankton samples for the entire 50-year time-series are stored at
the Scripps Institution of Oceanography (USA) as part of the planktonic invertebrates collection where they
are accessed by many researchers.

4.1.2 Ocean Station P and Line P

Ocean Station P (50°00°N, 145°00°W) was operated as an ocean weather station from 19 December,
1949 through 20 June, 1981. Initially, observations consisted of twice-daily bathythermograph casts, but in
July 1956 hydrographic casts and plankton hauls were added, with sampling through alternate six-week
periods. In April 1959, sampling was added on stations between the coast and Station P, on the track known
as Line P, and the number of stations was increased to 12. The weathership program ended in the summer of
1981. Since then, observations at Station P and Line P are made 3 to 4 times a year by the staff of the
Institute of Ocean Sciences.

Condutivity-Temperature-Depth (CTD) casts have been conducted at 26 stations on Line P since
1982. From 1992, hydrocasts are made at five of these stations, to measure dissolved oxygen, nitrate,
phosphate, and silicate. Primary productivity, chlorophyll concentration, and zooplankton tows (vertical
bongo) have also been taken. At Station P, primary productivity and POC have been measured and sediment
traps used for approximately 20 years. Onboard analysis of nutrients has been done at Station P since 1987.

For further information, see Whitney, F.A. and H.J.Freeland. 1999. Variability in upper-ocean water
properties in the NE Pacific Ocean. Deep-Sea Research Il 46, 2351-2370; also [http://www.pac.dfo-
mpo.gc.ca/sci/Pages/linep.htm].

4.1.3 Commission for the Conservation of Antarctic Marine Living Resources, CCAMLR

The Commission for the Conservation of Antarctic Marine Living Resources, CCAMLR,
implemented its Ecosystem Monitoring Program (CEMP) from 1987. CEMP involves monitoring selected
predator, prey, and environmental indicators of ecosystem performance in order to detect changes and to
determine whether these changes are due to natural events or to resource harvesting activities. The core of
the program is the acquisition, centralized storage and analysis of standardized monitoring data, along with
empirical and modeling-based research. Since 1987, CEMP has collected data on six bird and seal species at
15 sites around the Antarctic. Up to 14 parameters of predator performance and 10 parameters of prey and
environmental performance are collected at each site.

The program is described in the following publication: Agnew, D.J. 1997. The CCAMLR
Ecosystem Monitoring Program. Antarctic Science, 9, 235-242. Further information is available on the Web
site [http://www.ccamir.org].

4.1.4 Program for Ocean Ecosystems Observing and Fisheries Change (ECOFISH)

Living marine resources are of significant importance to the economies of maritime nations such as
Chile and to the well-being of their inhabitants. Furthermore, national investment in coastal and oceanic
fishing is often significant.

In Chile, a program has been developed to provide information to better manage critical marine
resources. The “Program for Ocean Ecosystems Observing and Fisheries Change (ECOFISH), implemented
by the Fisheries Research Institute (FRI), has since 1990 provided a framework for gathering information on
Chile’s marine systems (monitoring), generating derived products to detect the ecosystem changes and their
effects on the large fisheries (modeling), and providing the necessary training (capacity building) to study
the coastal upwelling ecosystems off the coast of Chile.
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Applied fishery research conducted by FRI has focused on analysis of regional and local fisheries,
and involves monitoring selected fisheries (e.g., horse mackerel, hake, sardine, anchovy, patagonian
grenadier) and environmental indicators of their habitats. FRI has collected data on: fisheries Statistics
(catch, effort) on a daily basis; length-frequency (daily); length-weight relationships; trophodynamics
(weekly); fleet activity monitoring (daily); and ground fish monitoring (daily). FRI also analyzes SST and
remotely-sensed meteorological information (daily), records wind, atmospheric pressure, temperature, and
humidity at a local scale (hourly), and collects environmental information, e.g., oceanographic data (T, S, o-
t, DO and chl-a from CTD casts). FRI also collects phyto-, zoo- and ichthyoplankton samples on spawning
and groundfish fishing areas using research and fishing vessels. This information is deposited in a central
database. Standardized monitoring data are used for modeling-based research.

ECOFISH provides information that will allow:

. description of ecosystem changes time, particularly fluctuations in abundance and spatial
distribution of fish resources;

. interpretation of observed changes in relation to factors such as natural environmental variability,
anthropogenic climate changes, and fishing activities;

. forecast of future marine ecosystem states along the coast of Chile.

ECOFISH results have been used to improve the forecasting and predictive capabilities of principal
regional fisheries, to provide precautionary criteria for environment conservation, to promote the sustainable
use of the marine resources, and to improve long-term planning in the industrial fishing sector.

4.1.5 Japanese LMR observing system

The Japanese Fisheries Agency has been conducting monthly egg and larval surveys of target fish
species during the main spawning season, combined with hydrographic observations and phytoplankton and
zooplankton sampling, in cooperation with prefectural fisheries experimental stations since 1978. Coastal
and offshore monitoring stations are made to assess egg production of the Japanese sardine, anchovy and
mackerel off the southern coast of Japan. In addition to these monthly surveys, intensive surveys are carried
out by the National Fisheries Research Institutes during the main spawning season (February to April), on an
annual basis.

4.1.6 Korean LMR observing system

Since 1961, on a bimonthly basis, regular oceanographic surveys for water temperature, salinity, and
DO have been made at each of 175 stations on 22 lines around the Korean coast, with surveys of nutrients
and zooplankton made at every other station. After 1994 an additional two lines (315 and 316) and 26
stations were sampled four times a year, and after 1993 an additional one line (500) and 17 stations were
sampled one or two times a year. Since 1967 air and water temperatures and meteorological parameters have
been measured at 40 fixed stations.

NOAA satellite data have been received since 1989, and SeaWiFS satellite images have been
received since 1997.

4.1.7 Alg@line

The following information was provided by Alg@Iline project coordinators.

The Finnish Institute of Marine research is carrying out operational monitoring of the Baltic Sea
environment through a joint effort of research institutes and shipping companies through Alg@line.

Alg@line is a forerunner in the field of monitoring research. Alg@line monitors the fluctuations in the
Baltic Sea ecosystem in real-time using several approaches.
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Alg@line combines studies onboard research vessels with high frequency automated sampling on
several merchant ships, CPR transects, satellite imagery buoy recordings and traditional sampling in coastal
waters. Ecosystem models are under development.

Without the high frequency observations from ships of opportunity, rapid fluctuations in the Baltic
Sea ecosystem could not be monitored. Alg@line is the only research project which utilises the ship-of-
opportunity technique in the monitoring of the state of the environment on this scale. Alg@line has
analysers and sample collectors on five ships.

Unattended recordings and water sampling, including CPR tows, on board ships of the Silja Line
and Transfennica are the basis of the system. Satellite imagery (NOAA/AVHRR) provides basin-wide
information on the distribution of surface accumulations of blue-green algae and the temperature of surface
waters. Aerial surveys by frontier guard pilots record visible blooms. Research vessels perform specific case
studies. Buoys record fluctuations in environmental parameters of high temporal resolution at fixed
positions. Analysis of water samples provides information on phyto- and zooplankton species composition
and nutrient composition. Toxicity of blooms is also determined. The CPR to collects zooplankton from
ships of opportunity.

Alg@line provides on-line information. The information based on the unattended recordings on the
ships is available in real time at Web site “Alg@line Database”. The Alg@line Database provides
information in Finnish, Swedish, Estonian and English. The Web address is [http://meri.fimr.fi].

Ecosystem models will be used to predict short and long-term changes for various parameters.
The main products are:

—  weekly/daily reports on the state of the marine environment,

— annual assessments on the state of the marine environment,

—  plankton species reports,

— long term and seasonal variation in plankton, nutrients, oxygen, etc.,
—  taxonomic phytoplankton sheets,

—  phytoplankton image gallery.

4.2 LMR-GOOS PILOT PROJECTS
4.2.1 CPR Tows in the Northeast Pacific

The MONITOR Task Team of the PICES Climate Change and Carrying Capacity (CCCC) program
recommended that large scale measurments of zooplankton species composition and abundance be initiated
in the NE Pacific. The CPR represented the best choice of instrument to sample now, since it has a proven
record in the Atlantic and its sampling characteristics, although with some problems, are well known. In
March 2000 a two-year sampling program will begin that will occupy two transects, as suggested by the
Task Team. The first, from Prince William Sound, Alaska to Long Beach, California will be run five times a
year, with approximately monthly spacing from March to August, and the second, a great circle route from
Vancouver Island, Canada to the Bering Sea will be run once per year. The first line will sample Prince
William Sound, the offshore region feeding the downwelling zone on the shelf, close to the centre of the
Alaska Gyre (crossing Line P) and will intersect the CalCOFI grid off California. The second line will cross
the first and also run parallel to Line P. In the short term this research will provide data on the structure of
plankton variability along these lines and will be used to design a long-term zooplankton sampling program
for the NE Pacific. This future program would reflect improvements in the technology avaliable to estimate
plankton abundance and will enable the monitoring of climate change variability. PICES would like to see
the CPR program as a Pilot Project within GOOS and would hope to work with GOOS to develop a long-
term strategy.
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4.2.2 The BENEFIT Program/Benguela Current Large Marine Ecosystem Program

The BENEFIT (Benguela Environment and Fisheries Interactions and Training) Program was
initiated in 1998 after four years of planning. It is a cooperative initiative between Angola, Namibia and
South Africa, supported by fisheries institutes in the three countries and with financial support from
Norway, Germany, the African Development Bank, the FAO, Japan, France, Iceland and the World Bank
with the following goals:

To develop the enhanced science capability required for optimal and sustainable utilisation of the
Benguela System’s living resources by:

1. Improving knowledge and understanding of the dynamics of important commercial stocks, their
environment, and linkages between environmental processes and stock dynamics.

2. Building appropriate human and material capacity for marine science and technology in the countries
bordering the Benguela ecosystem.

A science plan and implementation plan have been compiled and the first research and monitoring
projects have been started. Target species are hake, sardines, anchovy, horse mackerel, sardinella and rock
lobster and the principal environmental parameters are temperature, winds, oxygen, zooplankton and top
predators such as birds and seals. Transboundary issues, principal fish habitats and frontal zones are the
initial focus of research and monitoring activities.

4.2.3 Biological Action Centers (BACs)

It is recognized that certain coastal regions, particularly those where different water masses are
dynamically mixed, are far more productive than the open ocean. Even these highly productive coastal
regions are not uniform. Some areas of smaller spatial scale stand out because of the higher abundance of
most species at several trophic levels. This abundance demonstrates the relevant contribution of these small
spots to the overall system productivity. Some of these areas sustain high levels biological activity
throughout the full year, while in others this activity is seasonal.

Along the eastern boundary region of the North Pacific, within 160 km or less of the coast,
biological activity is high in some relatively small areas. These areas are fixed in space because of coastal
geography, and thus can be characterized as Biological Action Centers, or BACs. The high abundance of
marine organisms found here at multiple trophic levels appears to be mostly a consequence of the increased
concentration of primary producers.

BACs may represent an opportunity to improve the efficiency of LMR-GOOS sampling, by
concentrating observations in these small areas of high biological activity. It is proposed that a pilot study be
initiated to investigate BACs and their role in marine ecosystems. Specifically, the pilot project would: (1)
identify existing BACs; (2) determine the extent to which observations in BACs can be extrapolated to
surrounding areas; and (3) investigate the extent to which BACs provide an indication of climate change.
Additional information is available in Annex IlI.

4.3 STATUS OF DATABASE INVESTIGATIONS

Successful implementation of LMR-GOQOS will rely on the utilization of existing databases.
Availability of fish databases is relatively well known, but for other ecosystem components, comprehensive
datasets may not exist. LMR-II requested that panelists investigate the availability of biological datasets
globally with respect to several ecosystem components: zooplankton, sea birds, sea turtles and marine
mammals. The results are presented here. These datasets will be particularly useful to the Regional Analysis
Centers which are envisioned to be the primary implementation mechanism for LMR-GOOS.
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It was noted that recent technological developments may allow large biological datasets to be
archived more easily than in the past. Several decades ago, ocean data centers decided not to archive
biological data because such data were too diverse, not amenable to simple standardized data formats, too
demanding in terms of accompanying qualitative information, etc. Some members of the Panel wondered
whether, in view of the enormous recent strides in development of data movement and transformation tools
and of metadata management systems (for enterprise-scale data warehouses supporting business intelligence
systems, etc.), it might be useful to contact one or more technically qualified experts for advice as to
whether advancing technology might have by now effectively overcome what a generation ago may have
been viewed as an insurmountable problem.

4.3.1 Marine mammals

For pinnipeds, there are quite good population assessments for many species and populations while
breeding on land or ice. However, except for the coastal or freshwater species, the distribution at sea when
not breeding is generally poorly understood (and may vary quite a lot). The data on population census tends
to be maintained by individual countries and quite often by institutes or even individual researchers. D.
Bowen (Canada) and D. DeMaster (USA) could be contacted for meta-data on pinniped data sets around the
world.

For cetaceans, there are few good population estimates (with CVs <0.2). The best distribution and
density estimates are for US coastal, shelf and slope waters where there have been good surveys; for the
Antarctic where the International Whaling Commission has coordinated surveys; for the Eastern Tropical
Pacific where the Inter-American Tropical Tuna Commission (IATTC) has coordinated surveys along with
the Americans; and for Icelandic and Norwegian waters where quite good surveys have been carried out.
Experts in each of these organizations could be contacted for meta-data.

For much of the rest of the world there are no well-run surveys. Whaling data has some use for some
species and some areas (ironically it is probably best for 19th century sperm, right and bowhead whaling as
the whalers were free to go wherever they wanted and had no reason to falsify their records; in contrast
modern whalers have been much more restricted and dishonest, so their data are less useful).

4.3.2 Seaturtles

(The following is a preliminary compilation of sea turtle databases, November 1999, submitted by George
H. Balazs and R. Michael Laurs, U.S. National Marine Fisheries Service)

Considerable interest exists in the life history, ecology, conservation and management of sea turtles
due to their threatened status, economic value and global distribution principally in tropical and sub-tropical
waters. Meylan and Meylan (1999) provide an excellent overview as follows:

“Seven species of sea turtles representing two families, Cheloniidae and Dermochelyidae, are the
only living members of what has been a large and diverse marine radiation of cryptodiran turtles. These
seven species include the loggerhead (Caretta caretta), green (Chelonia mydas), hawksbill (Eretmochelys
imbricata), Kemp’s ridley (Lepidochelys kempii), olive ridley (Lepidochelys olivacea), flatback (Natator
depressus), and leatherback (Dermochelys coriacea) turtles. An eighth species, the black turtle or East
Pacific green turtle (Chelonia agassizii), is recognized by some biologists, but morphological, biochemical,
and genetic data published to date are conflicting, and the black turtle is currently treated as belonging to
Chelonia mydas.

Sea turtles inhabit every ocean basin, with representatives of some species found from the Arctic
Circle to Tasmania. Hawksbills are perhaps the most confirmedly tropical of the sea turtles, whereas
leatherbacks are known to make forays into colder, sometimes polar, waters. With the exception of Kemp’s
ridley and flatback turtles, sea turtles are cosmopolitan in distribution. Kemp’s ridley is restricted principally
to the Gulf of Mexico and the eastern seaboard of the United States, with some individuals occasionally
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found along the shores of the United Kingdom and western Europe. The flatback is endemic to the
Australian continental shelf.”

During the past two decades, the research of sea turtles has expanded and intensified to unexpected
proportions resulting in an array of data and new biological information; for example, see Hirth, 1997. The
growing and widespread computerization of these data has resulted in numerous structured, definable sea
turtle databases (Briseno-Duenas and Abreu-Grobois, 1999). Most of these databases are founded upon the
tagging of individual animals (Balazs, 1999), with accompanying morphometric, nesting and other detailed
information. However, the incorporation of GIS data, telemetric data, and oceanic environmental data from
satellites is becoming increasingly common.

It is estimated that as many as 100 formal databases may now exist worldwide. There is no easy way
to rapidly locate all of these entities, but good progress has been made and details are available for 35 of the
databases (contact Dr. Mike Laurs, NOAA/NMFS Honolulu Laboratory for further information). When
completed, this project will be the first of its kind to assemble such information.

4.3.3 Seabirds

In considering possible changes in marine ecosystems, the top predators must be taken into account.
Two specialists, George Hunt (University of California at Irvine) and John Piatt (U.S. Geological Survey in
Seattle) were asked about the status of databases that could be used to assess changes in bird populations.
Various data sets exist for pelagic seabird abundance and distribution for the North Atlantic and North
Pacific, but none are easily accessible. A comprehensive database is under development for bird data from
California to Alaska, including the Bering Sea. The British Antarctic Survey has included bird data in their
BIOMASS database; other Antarctic data are archived in Hobart. A cooperative North Sea database that
covers much of the ICES region is run out of Aberdeen by the Seabirds at Sea Group. There are Canadian
databases for the coast of British Columbia and for off Newfoundland. Bird data are available for George’s
Bank, and there is an IUCN book and supplement on the distribution and size of seabird colonies worldwide.
In summary, there are scattered large holdings of seabird data, but there has as yet been no success in
assembling them in a comprehensive global meta-data base that could be used to assess changes in seabird
populations.

4.3.4 Zooplankton

Zooplankton data sets are potentially complex, as they may involve large numbers of taxonomic
categories, and in the case of groups such as copepods each species may be subdivided into up to twelve
developmental stages. For this reason zooplankton data until recently have often not been deposited in, or
accepted by, large oceanographic databases. Assembly of these dispersed data will present some problems
for LMR-GOQS. Advances in database systems, and the increasing and widespread computerisation of
zooplankton abundance data has resulted in numerous structured zooplankton databases many of which can
be accessed through the internet.

A paper surveying plankton time series data is currently being compiled by Dr. Chris Reid of the Sir
Alister Hardy Foundation for Ocean Science (SAHFOS). This work, when completed, should provide a
valuable source of information on the location of zooplankton data sets. The results of this survey will be
presented to the LMR Panel at its next meeting. In the survey, literature, citations describing zooplankton
and phytoplankton time series have been grouped into geographical regions, and source information
tabulated. Data sets which provide long-term (more than three years) and seasonal information are
categorised. A preliminary conclusion of this work is that the vast majority of data sets are for coastal
regions, and that the Southern Hemisphere is very poorly represented.

However, many historical records from past surveys and field programmes, in particular original
data records, exist in paper copies but not in electronic formats, or only in outdated computer formats. These
records generally reside with individual researchers and risk becoming lost as assignments change and
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personnel retire. The process of “data rescue” requires that appropriate editing and quality control
procedures are implemented, and that “rescued” data themselves be made available to the wide international
community. This activity can be fostered by the IOC GODAR (Global Oceanographic Data Archaeology
and Rescue) project.

GLOBEC has a strong interest in zooplankton data sets, ongoing and planned, both as part of
retrospective analysis and as the products of GLOBEC field programmes. GLOBEC will use a decentralised
data management and distribution system. The centralised components (for example, centralised under the
supervision of the International Project Office) will be a comprehensive inventory of GLOBEC and
GLOBEC-like data holdings with pointers to the location and key contact person. It is likely that this activity
will aid in the identification of zooplankton database information on an international scale. Within project
(during the funded lifetime of GLOBEC programmes) data management and data exchange is viewed as a
critical component of each national and regional GLOBEC program (see GLOBEC Implementation Plan,
IGBP Report 47). This emphasis on data management should further the organisation of zooplankton
databases in relation to LMR-GOOS. For example the US GLOBEC program has selected the Joint Global
Ocean Flux (JGOFS) data management software (Flierl et al., http:/lake.mit.edu/datasys/jgsys/html). This
provides a distributed, flexible, extensible and data-driven methodology to store and serve data and
information about the data (metadata). The JGOFS system takes advantage of the hypertext transmission
protocol (http) to exchange data between servers and clients. This enables the JGOFS system to use any
UNIX or PC/Windows based computer as a server. Any networked computer system running a Web browser
(such as Netscape or Internet Explorer) is a supported client and has access to the on-line data and
information. It is not necessary to know where the data are stored to access it, rather the system takes care of
automatically generating the necessary hypertext links on the Web page each time data is requested. For
further information see, [http:/globec.whoi.edu].

In summary, zooplankton databases are relatively dispersed at present, and some significant data
sets are probably not even in electronic form. However, advances in database systems together with some
current database surveys, and international initiatives, shall result in much better interrogation and
availability of zooplankton data in the future, to the potential benefit of LMR-GOOS.

4.4 FISH HABITAT REQUIREMENTS FOR LMR-GOOS AND C-GOOS- STATUS OF PLANNING

The LMR-GOOS and C-GOOS panels were charged by the GOOS Steering Committee to “identify
2-3 members who will form an ad hoc joint committee to address the issue of habitat loss from a fisheries
perspective (i.e., incorporating into the C-GOQS design observations required to assess and predict the
effects of habitat loss on the capacity of coastal systems to support fisheries)”. In response, the LMR-GOOS
panel appointed Mike Laurs and Bodo von Bodungen to the joint committee. The following statement
reflects their initial views.

A key element in achieving sustainable fisheries is the identification, conservation, and restoration
of fish habitat. Healthy habitat is a basic requirement for the reproduction, growth, migration, and livelihood
of sustainable fishery stocks. Essential Fish Habitat (EFH) may be defined as those waters and substrate
necessary for spawning, feeding or growth to maturity and includes the associated physical, chemical, and
biological properties that are used by fish and are necessary to support a managed level of fish biomass
production.

The management of commercial fishery resources has historically focused on single species and
concentrated on assessing stock size and controlling fishing mortality. However, the EFH concept is based
on an ecosystem approach to comprehensive fisheries management and includes the conservation and
management of fishery habitat as important elements. However, for most species, present knowledge is poor
about what habitat must be included in identifying EFH. Accurately delineating the EFH of a fishery
species, or a particular life stage, will require detailed and comprehensive assessment of where these
animals live along with the associated marine environmental conditions.
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A sizable proportion of commercial coastal pelagic and demersal fish stocks are dependent at some
stage of their lives on estuaries in addition to coastal waters. For example, estuarine wetland areas are EFH
for many fishery species that live and spawn in coastal waters and have young that migrate into estuarine
nursery grounds where they grow into subadults. The EFH characteristics for demersal fishery species in
coastal and open ocean waters often include structure, hydrodynamics and general hydrology. The EFH for
pelagic species in both the coastal and open ocean waters is often linked to dynamic oceanographic
characteristics, features, processes, and structures. In tropical areas, coral reefs and related environments
form EFH for many fishery resources. Anadramous fish species, such as salmon, have EFH requirements in
marine waters, as well as, in freshwaters.

A key element in the EFH process is the identification of existing and potential threats to habitat,
and the conservation and enhancement measures necessary to eliminate or minimize these threats. The
nature and extent of particular threats to EFH will vary by region and usually depend on habitat type,
exposure, and other environmental variables. Habitat degradation, e.g., destruction of wetlands,
eutrophication, harmful algal blooms, and direct degradation or alteration of the environment, is a critical
threat to EFH.

There is an immense opportunity for the GOOS program to make vital contributions to global
fisheries management by providing marine environmental information essential to define and monitor EFH,
as well as to eventually assess and predict the impacts of marine environmental variability on EFH.

4.5 LINKS TO CONVENTION SECRETARIATS

LMR-GOOS has been asked to interact with the secretariats of the Convention on Biological
Diversity (CBD) and the Convention on Straddling Fish Stocks and Highly Migratory Fish Stocks to
determine if they have information needs which LMR-GOOS could help meet. Informal consultations were
held with the Secretariat of the Convention on Biological Diversity and with FAO for the Straddling Stocks
Convention, for which there is not currently a Secretariat.

There is significant overlap between LMR-GOOS’ interests in biodiversity and the CBD’s
information needs. Several ideas were suggested to incorporate consideration of biodiversity into the LMR
strategic design. These include: establish reference areas (MPASs) to serve as baselines against which
biodiversity changes could be measured; initiate surveys of seamounts which have high rates of species
endemism and are being increasingly affected by trawling; and encourage development of biodiversity
indicators (e.g. change in trophic structure. These approaches will be discussed with the CBD Secretariat).

FAO indicated that the information needs for the Convention on Straddling Stocks and Highly
Migratory Species have not yet been identified, and that it would be best to consult with regional
intergovernmental fisheries bodies (such as the North Atlantic Fisheries Organization (NAFO) as they
would likely be charged with implementing the convention. Representatives of both conventions will be
invited to the next meeting of the panel.

4.6 LMR ACTION ITEMS FROM GSC-II

The panel reviewed progress on actions requested by the second session of the GOOS Steering
Committee.

ACTION 18: LMR panel (i) to get in touch with the Secretariat of the Biodiversity Convention, and the
Convention office responsible for Straddling Stocks, and (ii) to consider sports fisheries and artisanal
fisheries, so as to determine the requirements of these potential users.

Progress: (i) see section 4.5; (ii) Observations for sports and artisanal fisheries are included inherently in the
observing program design. The LMR-IIlI stakeholders meeting provided an opportunity for direct
consultation with representatives of artisanal groups.
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ACTION 21: LMR panel to expand its effort to include the fisheries of coastal seas (estuaries, sounds, seas).

Progress: The panel discussed the issue, and concluded that such an effort is beyond the scope of its
expertise. A special panel should be formed in the future to develop requirements for a coastal fisheries
observing system.

ACTION 22: LMR and Coastal panels to each identify 2-3 members who will form an ad hoc joint
committee to address the issue of habitat loss from a fisheries perspective (i.e., incorporating into the C-
GOOQOS design observations required to assess and predict the effects of habitat loss on the capacity of
coastal systems to support fisheries).

Progress: see section 4.4.

ACTION 23: HOTO panel to take the lead on developing indices of stress and response status, starting by
formulating guidelines for the identification and development of indices. LMR and Coastal panels report
will assist in this process, starting by nominating two representatives each to participate in the GIPME
indices workshop organised for November 1999.

Progress: Although LMR is interested in this topic, it was not possible for panelists to attend the GIPME
indices workshop. The report of the GIPME meeting was not available in time for discussion at the LMR-III
meeting.

ACTION 24: Coastal, LMR and HOTO panels to follow the schedule set out in agenda item 4.3.2 to develop
a plan and timetable for the integration of HOTO, LMR and Coastal modules.

Progress: LMR is following an accelerated schedule to prepare for the merger, with meetings December
1999 and March 2000. A draft LMR implementation plan will be discussed at LMR-IV.

ACTION 29: (i) LMR to begin discussion with NEAR-GOQS about eventual broadening of NEAR-GOOS
to incorporate LMR issues.

Progress: Representatives of NEAR-GOOQOS have been consulted, and NEAR-GOQS plans to incorporate
some biological measurements into their delayed-mode database in the near future.

ACTION 51: All advisory panels should invite private sector representatives to work with them on GOOS
design.

Progress: Private sector representatives attended, and provided input to, the LMR-I111 stakeholders meeting in
December 1999. A further stakeholders meeting is planned for LMR-IV.

4.7 GLOBEC AND LMR-GOOS PILOT PROJECTS

LMR-GOOS and GLOBEC have established a Liaison Group to explore and develop opportunities
for mutual support between LMR-GOOS and GLOBEC. The Liaison Group could identify the GLOBEC
research that could be applied to the outputs of a monitoring system to transform them into useful products.
For example, how can measures of ecosystem change, such as variations in zooplankton abundance, be
linked in a predictive way to changes in abundance and distribution of fish stocks? The Liaison Group
could also suggest ways whereby the monitoring system being considered by LMR-GOQOS could include
variables that would support GLOBEC research. It would also be useful for the group to evaluate the
proposal from LMR-II, that LMR-GOOQOS and GLOBEC pursue joint pilot projects in areas where GLOBEC
supports research. Such an approach could be mutually beneficial in that: 1. GLOBEC could conduct
research that helps to identify important processes for routine monitoring and assessment; and 2. LMR-
GOQOS could help to operationalise the research conducted by GLOBEC.
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4.8 CAPACITY BUILDING IN LMR-GOOS

A GOOS Capacity Building Panel has been formed and Dr. Kwame Koranteng will represent the
LMR-GOOS panel. This panel will interact with the LMR panel regarding capacity building requirements.

4.9 GLOBAL OPPORTUNISTIC SAMPLING IN GOOS (GOSLING)

GOSLING is an approach that might allow a cost-effective way of assessing decadal scale
variability in ocean basins. Hare and Mantua (1999) examined approximately 100 time series in the North
Pacific and showed that biological time series, principally based on fish catch data, were inherently more
stable than most climate variables and hence more likely to be useful in revealing interdecadal variability
and regime shifts. However, catch data tend to show a lagged and slow response to climate signals and
fishery effects are often confounded with those of environmental change. This suggests that somewhat lower
trophic levels, not exploited directly by a fishery, could be used to track changes in the states of ecosystems,
since they should show a rapid response to environmental change but still have some of the stability of the
fish data. Rather than measure biomass of most of the community it might be most useful to follow
distributions in time and space of a few selected indicator species. The CPR type of approach, utilising ships
of opportunity acoss ocean basins might be the most promising and if the species selected were chosen
according to the sampling characteristics of the device, then the limitations of the sampler (fixed depth for
example) would not necessarily present a problem.

The Expandable Bathythermograph (XBT) SOOP program already utilises a network of shipping
routes that cover most of the ocean basins of the world (see www.ifremer.fr/ird/soopip) and in effect the
only region not well covered by shipping routes is the Southern Ocean. The "infrastructure" therefore
already exists for this approach. Existing CPR data from the North Atlantic, the CalCOFI program and Line
P time series present an opportunity to test this hypothesis and studies are underway to evaluate this
concept.

410 DATA MANAGEMENT AND ANALYSIS
Regional Analysis Centers

The analysis of data resulting from the LMR components of GOOS will require bringing them
together with relevant data from other sources in a description of the changing regional ecosystem of
concern and of the processes causing the changes. The compilation and interpretation of data in a holistic
analysis of an ecosystem is an essential element of a monitoring system. It is propos