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1 Document 1: Conceptual framework

1.1 Introduction

This document provides the conceptual framework for the development and implementation of a Regional Environmental Monitoring Programme (REMP) for the Caspian Sea
The aims of the conceptual framework are to provide the following:

I. An assessment of overall policy (legal and institutional) framework 

II. A list of key indicators and attributes 

III. An overview of principles of systems, procedures and information flowchart for data collection, processing, interpreting, presentation and utilisation.

IV. Recommendations and action plan for the immediate and sustainable operation of a relevant and cost-effective REMP

1.2 Objectives and aims

The primary objectives of the REMP should be:

· to ensure that adverse trends are detected in sufficient time to implement remedial action, and 

· to provide an objective test of the effectiveness of existing environmental management practices (on a local, national and regional scale).

Also, the REMP should address priority transboundary and common pollution issues rather than simply national issues. The REMP concept is as a long-term routine exercise that will evolve with time, alongside a complementary decision framework and action plan (s).

 It is recognized that there are disparities now between the resources and capabilities of the Caspian states, and that some time is needed to bring all countries to a common benchmark. Defining the benchmark in terms of the parameters to be measured, the sophistication of analytical techniques used and the frequency of measurement is a key element of the REMP design. To meet its objectives, the REMP needs to be thought of as a permanent commitment and not as a project activity that will cease after a short period or once external funding is exhausted. The level of on-going financial commitment to the monitoring programme made by the countries will, as much as the technical constraints, define the level of monitoring that is achievable. This aspect of the design is discussed further in section 3 of this report.

The monitoring programme should not be seen as an end in itself, and although it will support and feed into research programmes this is not its primary purpose. The design of the monitoring programme must be tailored to the needs of the regional decision-makers and regulatory authorities in each Member State. Supported by a specifically designed management framework, the REMP is a management tool that will allow the decision-makers to interpret the findings and make assured decisions. . The management framework ties the ambient monitoring programme more closely to the national compliance monitoring programmes and enables the REMP to meet its second objective.  It is the development of this management framework that ultimately is of importance. The management framework is further discussed in section 3. 

1.3 Phased Approach
The programme as described in this document is comprehensive in its approach, and is intended to provide an overall framework for the development and implementation of monitoring programmes.

However, the immediate implementation of a fully comprehensive programme would require substantial financial, technical and human resource commitments, and would present significant organisational and logistic challenges.

Accordingly, it is proposed that the programme should be developed and implemented in a series of phases, beginning with a basic or ‘core’ monitoring plan and incorporating additional monitoring elements over a period of time.  The preliminary core plan would focus on the area of highest common interest, which is marine monitoring (and in particular the biological aspect of this).  Once this initial phase has reached a successful operational level, with all countries contributing equally to a common reliable data set, attention would be given to expanding the programme to include additional subjects.
The selection of the monitoring objectives for the core programme will be based on existing common capabilities amongst the littoral states.  This will ensure that each state can contribute data of similar type and quality.  The process will be initiated by means of a training workshop, which will focus on agreeing and implementing common marine biological monitoring methods.

Subsequent phases will introduce:
· Marine physical and chemical monitoring (water and sediment analysis)

· River corridor monitoring

· Coastal habitat monitoring

· Terrestrial habitat monitoring

It is recognised that many countries already have specific monitoring programmes, often focused on areas of special sensitivity or interest.  The REMP is not intended to replace such programmes, but is instead aimed at providing a common data set from which regional environmental trends can be identified.  It is expected that countries will continue with their existing programmes, and that they will, where possible, attempt to coordinate such programmes with the REMP as it develops over a succession of phases.

1.4 Management Framework

1.4.1 Decision Support

In order to implement remedial action, decision makers must know at what observed level a pollutant is likely to have a permanent adverse effect on the environment, together with when and what action should be implemented. This is a complex problem. It calls for the design of a management or decision framework that will allow decision makers to interpret the monitoring data and background noise with assurance. As an understanding grows with the help of results from the REMP, a more sophisticated framework can be created. As well as a better scientific understanding of the Caspian Sea, the management framework must be based on a realistic, economic evaluation of the bioresources it has been establishment to protect. 
Ultimately, this may lead to the development of water quality standards and objectives for differing water use and thus to progressive refinement of the monitoring programme.  The management framework will help the decision makers to answer such questions in a structured manner, taking into account scientific evidence and economic constraints.

Through the REMP and management framework, closer ties between ambient and compliance monitoring systems can be pursued. Accordingly, the potential impacts of specific sources, point and diffuse, can be identified. In this way, the REMP will be able to support hard decisions that the regulatory authorities may not be able to make based solely on compliance monitoring.

Information gathered by the REMP can be used to support actions at the regional level, including the introduction of new standards and tightening of existing standards. 

The key deliverable of the REMP will be a consistent and coherent data set which will provide the necessary context for effective decision-making.  Integration of monitoring plans and methods will provide a solid basis for international consensus on environmental impacts and processes, and will thus facilitate agreement on practical mitigative actions.
1.4.2 Institutional responsibilities at national and regional level

Institutional responsibility for organisation and execution of the REMP will need to be determined.
1.4.3 Technical capabilities at a national and regional level

Technical and scientific capacity is crucial to the successful implementation and execution of a Regional Environmental Monitoring Programme.  Steps have been taken by CEP to procure basic monitoring equipment for all the littoral states. It is recommended that information be collated on the analytical capabilities of nominated laboratories in each country, with the aims of
a) identifying appropriate reference laboratories for each analytical method

b) establishing a regional QA and proficiency testing system to assure the comparability and validity of data generated within the monitoring programme
1.5 Key indicators and attributes

Key environmental indicators include: 
· Hydrocarbon contamination from refineries, ports and harbours and shipping 

· Nutrient enrichment arising from sewage discharges, fertiliser production and agricultural run-off

· Degradation of key biological habitats as a result of the development of ports, harbours, tourist facilities and coastal industry

· Pesticide contamination arising from spillage, large-scale pest control programmes and agricultural run-off

· Ecological disturbance arising from the introduction of invasive species

· Ecological disturbance arising from illegal fishing and over-fishing

In the first stages of the REMP, effort will be concentrated on ensuring that all participating countries have the capability of undertaking an effective, quality-assured core monitoring programme.

1.5.1 Timing and frequency

It is proposed that the REMP should be conducted in two phases.  Phase 1 would occupy the first four years of the programme, during which 

a) substantial capacity building would take place

b) a core and common monitoring programme would be established

Specific environmental indicators for Phase 1 are identified in the following sections. Synoptic cruises already conducted by CEP will provide the basis for validating the selection of monitoring parameters. The outputs from these surveys will be used to refine and finalise the design of the routine monitoring programme.

During the routine Phase 1 programme, frequency of monitoring will initially be high; there are insufficient existing data to estimate the optimal sampling frequency with confidence, and it is recommended that all routine chemical and physical parameters be measured every two months during the first full year of monitoring.  After one year, sufficient data should be available to review and revise sampling frequency on an objective basis. 

Individual countries may have preferences with respect to monitoring frequency, and some may wish to carry out seasonal monitoring on a long-term basis.  However, it is essential to consider the sustainability of any monitoring programme, as well the need to ensure data comparability over time and between institutions.  For this reason, there should be a basic monitoring element which is common to all countries.  Seasonal monitoring can generate valuable data, but the data are highly vulnerable to ‘aliasing’ – small differences in the timing of seasonal processes can lead to large differences between years in the actual monitoring data.  It is recommended, therefore, that ALL national monitoring activities should incorporate annual surveys carried out during periods of relative biological stability, and during periods when weather conditions are most reliable.  In practice, this means that the ‘core’ annual monitoring should be carried out during the summer period; after the spring growth is over, and before the autumn decline begins.
1.5.2 Types of monitoring

The conceptual design of the programme is summarised in Figure 1. For the first phase of the monitoring programme, parameters must fulfil the following criteria:

· Relevant indicators of environmental status and trends

· Practicable and affordable to implement in each country

· Sustainable throughout the duration of the phase and beyond

· Possible to achieve and maintain acceptable quality control of data

There is a wide variation between countries in the existing capability to undertake monitoring, and therefore a primary focus for Phase 1 is to ensure that all countries receive the necessary equipment and training to be able to generate a common set of quality-assured and standardised 'core' data.  The present proposal seeks to build on earlier work carried out by CEP, by 

a) identifying and filling  gaps in existing biological monitoring plans

b) developing a complementary chemical and biological monitoring programme for early execution

c) proposing an integration of chemical and biological monitoring where this can deliver significant benefits

1.5.2.1 Additional biological monitoring

The key objectives of routine marine monitoring are soft bottom sediments, seagrass beds and plankton communities.  In some instances, it will be practicable and cost effective to facilitate the development of the capability in all participating countries (soft bottom sediments and plankton).  In the case of seagrass (and other macrofloral community) monitoring, it is proposed to procure specialist acoustic mapping equipment which would be shared (and used in rotation) by the participating states.

1.5.3 Conceptual relationships

The conceptual diagram in Figure 1 establishes the links between existing programme components and the additional elements which are the objective of the present report. For each link, the appropriate issue or role is indicated. This diagram also specifies the overall suite of parameters to be measured. 

The overall concept of the REMP addresses several aspects:

a) monitoring processes:  tracking pollutant and stressor trends in key environmental compartments and processes; tracking critical primary and secondary production processes

b) monitoring impact: assessing the status of biological community components, through contaminant accumulation measurements

c) monitoring stress:  assessing community dynamics in relation to pollutant measurements to determine trends and evaluate sustainability

Figure 1  Conceptual framework for Regional Environmental Monitoring Programme for the Caspian Sea

1.6 Principles, procedures and information flow

Effective participation is viewed as a central principle of the programme. To this end, it will be essential to ensure that all participating countries receive the equipment and training necessary to enable them to participate fully and effectively in the programme. The programme has been conceived to facilitate such participation, with a phased approach designed to engage all participants on an equal basis in a ‘core’ programme during the first two years. 

The programme will be managed and co-ordinated by CEP, with support as required from appropriate expert laboratories.  It is recommended that a laboratory with established experience of international programmes should be retained to provide overall guidance on methods, quality control and quality assurance during Phase 1.  This will

a) ensure that the programme is consistent with, and compliant with, appropriate international standards

b) avoid any political issues arising from the apparent ‘seniority’ of one regional laboratory over others

During Phase 2 of the programme, it is expected that the requirement for foreign involvement will be minimal, and that by that time the Caspian states will have successfully distributed all roles and responsibilities amongst regional laboratories, and will have also established effective and formal scientific links with other regional programmes.

Standard reporting formats will be developed for both environmental and quality assurance data, and these will be remitted to a coordinating body by national laboratories on an agreed schedule.  However, since much of the information generated will be of national as well as regional interest, it will be incumbent on the coordinating body to collate, synthesise and distribute the data on a regular and timely basis.  

The primary repository of information will be the Caspian biodiversity information system environmental database.  It is essential to ensure that all data are subject to a standardised quality assurance process before inclusion in the information system. 


Data processing should be inclusive rather than exclusive; that is,participants should agree a standard approach to data analysis and interpretation, but this should not prevent individual scientists and participants from undertaking additional interpretation where this is appropriate or of interest.  

Interpretation should, from the perspective of CEP, be a consensus process, and reports should always distinguish between conclusions that are scientifically accepted by all members and conclusions that are more speculative.  It is recommended that reports should be submitted to independent scientific peer review before publication; there are many areas of marine science where knowledge and understanding are either incomplete or are rapidly developing, and it will be important to ensure that interpretation benefits from the broadest possible international scientific perspective.  CEP conclusions and recommendation for actions will have an enhanced prospect of support and funding if they have a clear endorsement from the international scientific community.

The ultimate utilisation of data will take the form of regional intervention in respect of those environmental parameters that are confirmed to have transboundary characteristics, and this will depend on the effective co-ordination of regional action by CEP.  

2 Document 2: Programme description

2.1 Introduction

This document provides a technical description of the proposed Regional Environmental Monitoring Programme for the Caspian Sea. It builds on, and provides additional information to Document 1: Conceptual Development of the Regional Environmental Monitoring Programme for the Caspian Sea.
2.2 Status of representative biological habitats

The programme must be designed to track the status of representative habitats, as well as those which are considered sensitive.  By establishing a monitoring ‘network of comparable habitats throughout as much of the Caspian as possible, the programme will secure the best possible picture of overall ecological trends.  This information is essential in order to properly understand the general, regional, pressures on sensitive locations.
Marine habitat selection should be based on a ‘stratified’ approach – for instance, by selecting habitats with particular bottom types over a series of depth ranges.  Selection will be based on consultation and agreement between the littoral states. Each country should attempt to identify at least one monitoring location in each of the agreed habitat types.  This will, of course, be subject to some constraints (eg, the lack of deepwater habitats in the North Caspian).  The primary objectives of Phase 1 will be to
a) establish a new baseline for taxonomic diversity and community structure in each selected habitat type

b) identify any strong trends or tendencies in each habitat type, and 

c) determine whether there are any trends which are common to similar habitat types across the Caspian

2.3 Programme design

The first four years of the programme will comprise

a) development of laboratory and human resources for routine monitoring

b) two years of routine monitoring involving laboratories in each participating country

c) a review of outcomes after the initial two years of routine monitoring

d) the identification of additional monitoring requirements beyond the first four years

e) the development of additional monitoring capabilities to meet these requirement

Following the review of outputs at the end of Phase 1, the design and resources will be updated to provide a permanent long-term monitoring programme (Phase 2).  The long-term programme should be reviewed and assessed bi-annually to ensure that it continues to capture information most relevant to the successful protection of the ecology of the marine ecosystem.
2.3.1 Synoptic Survey

The results of synoptic surveys already carried out by CEP should be loaded into the information system at an early point in the first phase of the monitoring programme, to assist in the identification of appropriate monitoring locations and in the selection of monitoring parameters.
If sediment samples from the synoptic surveys are still available, some of these should be prepared as standard reference materials for use in later phases of the programme by national analytical laboratories participating in the REMP.

2.3.2 Routine Phase 1 survey

Following the concept of a phased approach (as described in section 1.3), Phase 1 will focus closely on establishing a common monitoring programme for representative marine habitats. The monitoring targets listed in the following section are those which are considered to represent 
a) a practicable and feasible objective

b) a core capability amongst the countries

c) fundamental features of the marine environment which are key indicators of trends in biodiversity

Countries should not feel that they are restricted to these targets, but are encouraged to commit to monitoring these as a minimum requirement.  Additional information (eg, on additional habitats, or on environmental chemistry) is welcomed, but is not planned as a central feature of Phase 1 of the programme.

2.3.2.1 Parameters (chemical, biological and physical)

For the first phase of the monitoring programme monitoring parameters must fulfil the following criteria:

· Relevant indicators of environmental status and trends

· Practicable and affordable to implement in each country

· Sustainable throughout the duration of the phase and beyond

· Possible to achieve and maintain acceptable quality control of data

There is variation between countries in the existing capability to undertake monitoring, and therefore a primary focus for Phase 1 is to ensure that all countries receive the necessary equipment and training to be able to generate a common set of 'core' data. 

Targets for biological monitoring programme

Soft bottom sediments and fauna

Although these habitats may be less diverse and complex than macrofloral and seagrass habitats, they dominate the Caspian seabed ecosystem and are therefore of fundamental importance to a regional monitoring programme. When associated with plants, such sediments provide essential nutrients for growth. In all instances, such sediments may provide a 'sink' for the accumulation of pollutants and thus potentially a pool of environmentally harmful toxins. Such locations can also provide a record of historical environmental contamination based on the analysis of depth profiles, together with appropriate dating techniques.

The health and diversity of soft bottom fauna is often closely related to sediment contaminant concentrations. The tendency of sediments to accumulate contaminants means that these organisms may exhibit adverse effects at an earlier stage than other ecosystem components. It is therefore recommended that routine REMP sediment monitoring should include an assessment of bottom faunal abundance and diversity. In the early stages of the programme, all staff should receive training in the collection and preservation of invertebrates from sediment samples; taxonomic identification can initially be carried out by one or two specialists. These specialists should be responsible for collating all the preserved material in order to establish and maintain a regional reference collection of specimens.

Plankton and chlorophyll monitoring

Although plankton may be less strictly associated with specific habitats than other biological components, both phytoplankton and zooplankton represent an important component of the overall ecosystem, with relevance to chemical monitoring and biological processes.  The Caspian ecosystem is potentially highly vulnerable to invasive planktonic species. This has been demonstrated by the relatively recent introduction of the ctenophore Mnemiopsis;  however, even before this event, the planktonic community had already been drastically altered by the introduction of invasive phytoplankton (Rhizosolenia) and zooplankton (Acartia) species.  These two species now often represent more than 95% of the biomass of planktonic communities over much of the Caspian.
Phytoplankton dynamics are highly dependent on water nutrient concentrations, and localised eutrophication can lead to 'blooms' and red tides that have the potential to damage other ecosystem components. Monitoring plankton (cell numbers, species, chlorophyll and phaeopigments) in conjunction with nutrient analysis will provide valuable information on the circumstances under which blooms and red tides are triggered, and will thus help to identify situations in which remedial/preventative action is required.

Zooplankton production is dependent on phytoplankton production, and is in turn an essential food resource for some species of fish. Changes in phytoplankton population dynamics can have a 'knock-on' effect on zooplankton and fish populations. The routine collection of basic data can help to identify and anticipate this.

Finally, phytoplankton and zooplankton are often highly sensitive to chemical pollutants. For this reason, planktonic species are often used in toxicity testing by many international regulatory authorities. Developing and maintaining a reliable database on plankton diversity and abundance will therefore contribute to the process of identifying potential problems and 'hot spots', and of focusing attention on these geographic areas.

Summary of proposed parameters
It is proposed that all countries should be fully equipped and resourced to measure the core parameters as indicated in Table 3.

Table 3 'Core' monitoring parameters

	Parameter
	Matrix
	Method
	Relevance

	
	Water
	Sediment
	
	

	Benthic invertebrates
	
	√
	Microscopy
	The composition, abundance and biomass of the benthic communities are key indicators of ecological health and of trends in biodiversity

	Granulometry
	
	√
	Sieve and sedimentation methods
	The physical structure of soft-bottom sediments is an important factor in determining the types of organism which can inhabit the sediments

	Nitrate, nitrite, total nitrogen
	√
	
	Spectrophotometry
	The Caspian Sea is a closed system, and elevated nutrient levels can give rise to red tides, toxic algal blooms, and can promote the colonisation of pristine habitats by green algae.

	Phosphate, total phosphorus
	√
	
	Spectrophotometry
	

	Temperature
	√
	
	Multiprobe
	While remote sensing can provide a wide-area picture of temperature patterns, more localised data will be of great value in determining the frequency and magnitude of local events, and thus in defining relationships with greater precision



	Salinity, pH
	√
	
	Multiprobe
	Salinity, together with temperature, has a major influence on oxygen solubility; a coincidence of high values could represent unusually stressful conditions, especially if a habitat is already under a degree of stress.

	Dissolved oxygen
	√
	
	Multiprobe


	

	Total hydrocarbons
	√
	√
	Fluorescence spectrophotometry
	Hydrocarbons may originate from port activities or from routine discharges from passing vessels (in addition to accidental losses and spills). Fluorescence measurement provides a rapid and cost-effective method of tracking and mapping hydrocarbons in the environment. This enables a better understanding of input sources and frequencies, and can help to identify habitats that are at greatest risk of exposure. It is also of benefit for assessing risk in response to accidents and spills.

	Plankton
	√
	
	Microscopy
	Taxonomic identification of plankton adds to the regional picture of biodiversity, and can provide early warning of problems if changes in community composition are observed (plankton populations will respond more rapidly than other communities).

Taxonomy can also assist in identifying the species associated with unusual events. Chlorophyll measurements complement this information by providing a means of estimating overall phytoplankton biomass and productivity



	Chlorophyll & phaeopigments
	√
	
	Fluorescence spectrophotometry
	

	Turbidity
	√
	
	Multiprobe, Secchi disc
	Turbidity limits the development of plant communities, and can damage and reduce diversity.


2.3.2.2 Sampling stations

The selection of sampling stations should, as noted above, include representative habitats which would allow reliable trend assessment across the whole Caspian.

2.3.2.3 Sampling frequency

Many of the parameters defined above may exhibit considerable temporal and spatial variability. If sampling frequency is too low, there is a risk of data 'aliasing' - that is, a risk of inadvertently sampling in synchrony with underlying cyclical trends and thus of generating misleading data. Equally, there is a risk at low sampling frequency of attributing too much significance to individual high or low values. It is therefore recommended that the 'core' programme should operate on a 3 or 6 month sampling cycle, which will generate 2 or 4 data sets per year, and up to 8 data sets within the duration of Phase 1 of the programme. This number of data sets will be sufficient to ensure that variability is adequately characterised, and also sufficient to permit realistic statistical analysis of trends and patterns. The frequency of sampling for the existing biological programmes is generally likely to be less than proposed here for the core programme, but care should be taken to ensure that 

a) biological and core programme sampling have at least some locations in common (i.e., core programme stations should be located at biological sampling sites, as well as at other positions)

b) that core programme samples are always taken during biological programme sampling trips, as well as at other times

2.4 Data Management and Interpretation

2.4.1 Data sharing agreement

The successful operation of the REMP relies, in part, on all participating nations signing a formal agreement on data sharing. To secure the best benefit from the programme, nations should also be encouraged to contribute relevant data obtained outside the formal scope of REMP activities.

2.4.2 Integration with Caspian biodiversity information system
The biodiversity information system under development for CEP will be used for the management of physical, chemical, biological and fisheries monitoring data generated by the monitoring covered by this document.
2.4.3 Training needs

The CEP biodiversity information system database will be available to all participants. It is recommended that CEP prepares regular summary reports (possibly at 6-month intervals) based on a standard interpretation and reporting format. However, the value of the database also depends on its availability and accessibility to the wider scientific community in the region. To ensure that national scientists have the opportunity to make full and effective use of the database, it will be essential to provide training in basic database procedures (i.e. data query, extraction and processing), and also in the statistical analysis and interpretation of the data. It is recommended that two scientists (ideally one biologist and one oceanographer / chemist) receive training in standard methodologies. This will have the additional benefit of achieving a uniform approach to data processing and analysis across the region, and thus help ensure that conclusions are robust and that actions are both timely and soundly based.

2.4.4 Bi-annual review of monitoring results

Meetings will be held (co-ordinated by CEP) at six-month intervals to review monitoring results and data and to assess the progress of the programme. These meetings will serve two primary purposes:

a) to evaluate the effectiveness of the existing programme and the need for modifications

b) to perform an incremental assessment of the status of the regional sea, and to identify any actions which should be triggered by the monitoring results (e.g., intervention or the development of ancillary research projects)

3 Document 3: Resource mobilisation and Operational Programme
3.1 Introduction

This document describes the resources required to implement the first four years of the proposed Regional Environmental Monitoring Programme for the Caspian Sea.  It should be read in conjunction with two companion documents:

· Conceptual Development of the REMP

· Detailed Description of the REMP

Each participating country will require resources in the following categories in order to contribute effectively to the REMP:

· Physical facilities (buildings, laboratories, power etc)

· Equipment 

· Human resources

· Training

· Consumables

This document covers the resource requirements for implementing the first four years of the REMP.  During the initial period of this phase, the following tasks will be undertaken:

· Training in sampling, measurement and quality assurance methods

· Procurement and installation of laboratory facilities and equipment

· Execution of a 2-year Phase 1 routine core sampling programme involving all countries

· Regular review of results, and assessment of future monitoring and resource requirements

· Preparation of a Phase 2 plan for a sustainable long-term monitoring programme

3.2 Principles

The REMP has been designed to fulfil three specific requirements:

a) it must address key national and transboundary environmental issues

b) it must be based on a core programme in which all regional countries can participate

c) it must mobilise sufficient resources to enable all regional countries to participate

It is a basic principle that the REMP should be inclusive, rather than exclusive.  That is, the inclusion of all regional countries in a routine programme is critical to its success, but it should also be able to accommodate additional and specific non-routine monitoring where this is appropriate.

3.3 Resource Identification

Basic resource requirements are defined by the parameters selected for the programme, and by a formal need for

a) the use of internationally-accepted measurement methods

b) uniform application of these methods in the participating countries

c) a transparent and effective quality assurance programme

3.3.1 Equipment

There is a considerable variation between existing laboratories in the amount and quality of equipment they possess. There is also considerable variation in laboratories’ access to the logistic and economic resources necessary to procure routine supplies, maintenance and consumables.  In order to ensure an acceptable level of comparability in capacity and data quality, it is proposed that the REMP should fund the provision of the basic equipment listed in the following sections, and that the REMP should also assist each country by providing funding for consumables and facilitating the development of a reliable supply chain.  These steps will ensure that the programme will operate reliably and with an acceptable level of consistency.

The programme will require regular and extensive field work.  This will, in turn, require that each country’s participating institutions should have access to reliable and safe work vessels.  In most instances, such vessels are already in place.  However, it is proposed that the REMP provides suitable workboats where necessary in advance of the commencement of the sampling programme.  The REMP will also need to provide the resources necessary to maintain and operate these vessels over the duration of the programme. CEP is in the process of procuring core capability equipment for each country.

	Process
	Requirements

	Sampling
	Hand-operated Van Veen grab sampler

Small winch and wire/rope

Closing bottle for collecting water samples

Solvents and acids for cleaning sample containers

Plastic containers for samples intended for metals analysis

Aluminium containers for samples intended for organics analysis

Glass and plastic bottles for holding water and plankton samples

Paired plankton nets with depth sensor and flow meters

Turbidity meter and/or Secchi disc

GPS instrument

Communications equipment

Workboats, where reliable and safe vessels are not currently available

	Sample processing, storage and preservation
	Drying ovens

Sieve stack and shaker

Muffle furnace

Crucibles and crystallising dishes

Pipettes

Refrigerators

Freezers

Freeze-dryer

	Measurement equipment
	UV-VIS spectrophotometer and cuvettes

Fluorescence spectrophotometer and cuvettes

Glassware for sample processing

Standards and reagents

CTD instruments - temperature, dissolved oxygen, salinity, pH

Salinometer/refractometer

Spare lamps, probes, membranes, electrolyte etc 

	General laboratory equipment
	Balances (3 and 5-place)

General glassware

Reverse osmosis, distillation or ion-exchange water purification system

	Biological equipment
	Microscopes - compound, dissecting, and inverted

Dissecting equipment

	Data handling and processing
	Computers

Printers

Digital camera with waterproof housing

Image and data processing software

VSAT satellite internet communications equipment where necessary


3.3.2 Training needs

There is a considerabe range of experience and competence within laboratories in the region. In some instances, training from first principles would be required for at least some methods; while in other instances (in principle) only advanced training would be required. 

However, standardisation of methods and data comparability are a fundamental requirement of the programme, and for this reason it is proposed that ALL nominated staff undergo the same comprehensive training programme for all methods.

In particular, such training would emphasise the need for good QA/QC procedures to be established. This strategy will ensure a common approach and understanding amongst participating scientists in all countries, and will thus mitigate the risks associated with using a multiplicity of slightly differing methods. 
	Process
	Training requirements

	Monitoring design
	· Selection of monitoring locations

· Design of surveys

· Number, location and replication of samples

· Frequency of sampling

	Sampling
	· Basic field sampling operations: sediment sampling by grab, use of water bottles, use of CTD equipment. 

· 'Clean' sampling methods and avoidance of cross-contamination.

· Sampling fish (and other animal) tissue for contaminant analysis.

· Preparation and cleaning of sample containers. 

	Sample handling and processing
	· Sample drying, sieving and freezing procedures. 

· Use of freeze-drying for sample shipment and storage. 

· Avoidance of contamination and cross-contamination during processing.

	Sample storage and shipment (in cases where samples may be sent to specialist laboratories for specific analysis)
	· Preservation / conservation of 'raw' and processed samples.

· Short- and long-term storage methods. 

· Preparation of samples for shipment - secure containment, temperature control and safety. Shipping regulations and compliance.

	Analysis
	· Use of standard equipment for core analyses - spectrophotometers (UV-VIS and fluorescence).

· Quality Assurance: participation in externally organised intercomparison exercises and proficiency tests

· Standard methods for biological analysis
· Maintenance of biological reference collections


3.3.3 QA/QC and reference laboratory functions

Data reliability and comparability are of paramount importance. Methods must be selected and specified to achieve regionally appropriate detection limits, and to be sufficiently accurate and precise to permit useful interpretation. Consistency between laboratories is essential to ensure that regional trends can be detected and interpreted with confidence. Undetected or uncontrolled bias between laboratories can easily lead to either the spurious detection of trends that do not in fact exist or to a failure to observe trends that do exist.

The only way to achieve reliability and comparability is to operate a consistent quality assurance and quality control system in all laboratories throughout the duration of the programme. Ideally, all laboratories should adopt such a system on a permanent basis.

The effective operation of a regional QA/QC system requires several components, and these should be provided by an external organisation with demonstrable competence in both environmental analysis and in quality systems:

a) periodic audit of data and quality documentation

b) review of analytical control charts, and technical assistance with problems revealed by control charts

c) organisation and execution of periodic competence or 'ring' tests

d) training in QA/QC procedures

e) quality assurance missions to region and / or individual laboratories as required

3.4 Programme execution schedule

The GANTT chart in Figure 2 summarises the schedule of events during the first two years of Phase 1 of the REMP.  During this period, training programmes in analysis and quality assurance should be completed.  The GANTT chart in Figure 3 provides an overview of the entire programme for the first 6 years; this includes

· The development of Phase 1

· The Execution of Phase 1

· Review of Phase 1 outputs

· The Execution of Phase 2

It is impracticable to represent a detailed sampling schedule in Figure 2;  however, it is a central provision of the programme that (during the first two years at least) sampling for ‘core’ parameters should take place at agreed intervals at sampling locations which 

a) meet the criteria outlined in Document 2: Description of the REMP

b) are agreed by the participating states during planning meetings conducted during the first 2 years of the programme development

Figure 2: Development and inception  of Phase 1 REMP (first 2 years)
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Figure 3:  Overview of first 6 years of REMP development and execution
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3.5 Roles and responsibilities

Roles and responsibilities are defined and explained in the following tables.  A combination of international, regional and national resources will be required to discharge these responsibilities.  Regional contribution must be maximised, but it is also necessary to ensure that the programme is fully compliant with internationally accepted methods and standards, and the best way to achieve this is via the initial involvement of an international organisation with an established track record in co-ordinating and managing regional monitoring programmes.  This will ensure that methods and quality assurance practices are fully in accordance with best current international practice.  It will also help in resolving any initial differences in approach or methods between national laboratories, by providing a common and objective point of reference.

	Phase 1 REMP


	Element
	Description 
	Responsibility

	Design

	Statement of objectives

Definition of monitoring parameters - relevance, practicability, resource requirements
	CEP, International and national scientists

	Regional meeting
	Review and assessment of proposed objectives. Revision and finalisation of objectives within established constraints of cost and practicability
	CEP

	Sample types and methods
	Formal definition of types of samples (water, sediment, animal and plant tissue, plankton, etc). Development of formal written sampling procedures and methods.
	International and national laboratories

	Sampling locations
	Definition of generic sampling objectives, and selection of specific sampling locations in each country based on these objectives.
	International laboratory and national scientists

	Sampling frequency and replication
	For each sample type, definition of the frequency of sampling and the number of samples collected at each location on each occasion. Sampling frequency will depend in part on anticipated variability in parameter values - for instance, plankton, nutrient and hydrocarbon values are likely to vary over short time periods, and will therefore require frequent water column sampling to ensure that the data can be correctly interpreted. Sediments, in contrast, exhibit more stable characteristics, and will require less frequent sampling.
	International and national scientists

	Sample storage and conservation
	This is crucial for several reasons. First, samples must be handled and stored correctly to avoid degradation and cross-contamination prior to analysis. Second, in some instances samples will need to be transported to other locations for analysis, and this will require a standardised approach to packaging and shipment. Third, there is great value in consistently archiving sub-samples to provide a 'library' of historical material which can be used in future for the analysis of trends in additional parameters not included in the initial REMP design.

Each national laboratory must therefore be provided with the resources for systematic short- and long-term preservation and storage of samples.
	International laboratory.  In the initial stages, it is crucial to ensure that existing international experience is ‘built in’ to all technical aspects of the REMP

	Regional meeting and review
	Circulate the detailed REMP design to participants, and convene a regional meeting to review the design and to assimilate comments and recommendations from participants. Finalise and publish definitive design


	CEP

	Phase 1 Set-Up
	

	Resources
	Infrastructure, technical and human resources required in each country to execute the REMP Phase 1 activities.
	Defined by international laboratory, in line with established international practice

	Facility specifications (by country)
	Building on the capacity and needs review, prepare detailed facility and equipment specification for each national laboratory participant. While recommendations are made with respect to participants, the national authorities in each country will make the final decisions.
	Defined by international laboratory, in line with methods specifications



	Facility preparation
	Undertake necessary facility upgrades or construction to provide a sound working environment within each participating institution, in compliance with the general requirements stated elsewhere in this document
	CEP, international laboratory, regional laboratories

	Equipment procurement
	Prepare and finalise the list of equipment required for reliable execution of the REMP activities. Identify the precise procurement requirements for each individual laboratory. Procure and ship equipment. Each laboratory will also be provided with a package' of spares and consumables sufficient to fully participate in the first full year of planned REMP activities. These packages should subsequently be replaced in the final quarter of each full year's activity, to ensure that there is no interruption to the programme.
	CEP, International laboratory, regional laboratories

	Equipment installation and commissioning
	Ensure that facility preparation is complete. Receive, unpack and install equipment. Following manufacturers' instructions, commission equipment and confirm full operational status. Time should be allowed at this stage to assess and correct any initial problems.
	International and national laboratories

	Training-sampling, sample conservation and analysis
	Training will take place in two phases. During the first phase, nominated scientists will attend a training course at a selected 'expert' laboratory - this laboratory must have extensive experience of monitoring programmes, analytical methodologies, and QA/QC systems and procedures. This phase of training will also familiarise scientists with the commissioning and operation of the analytical equipment to be installed in their laboratories (see above).

The second phase of training will take place within the laboratory facilities in each country, after successful establishment of the facilities and full commissioning of the equipment. This phase will reprise the operation of analytical and ancillary equipment, and will also ensure that essential QA/QC actions and documentation are in place.


	International laboratory, regional laboratories.  An initial external and international point of reference is of high importance to ensure that the REMP receives international recognition

	Method validation
	Following the completion of installation, commissioning and training, each of the analytical methods will be validated. This process will ensure (and demonstrate) that the methods implemented in each laboratory meet the standards of precision, accuracy and detection limits required for successful execution of the REMP.
	International and national laboratories; international QA/QC organisation

	Preliminary intercalibration
	Once method validation has been completed in each laboratory, a preliminary intercalibration exercise will be conducted. The purpose of this is to ensure comparability between the results of different laboratories. This will be achieved by distributing standard reference materials and samples to all laboratories. The results of analysis of these materials will be statistically assessed against established expectations for each method.
	International and national laboratories

	QA/QC review and corrective actions
	The results of the preliminary intercalibration exercise will be assessed. If any results lie outside the specification limits for each method, investigations will be carried out to determine the reasons and to rectify any problems.
	International and national laboratories

	Comprehensive intercalibration
	After any preliminary problems have been rectified, all laboratories will participate in a full intercalibration exercise. This will be coordinated by the international expert laboratory, and will be conducted under the auspices of QUASIMEME, which is the competent organisation for quality assurance of marine monitoring analytical methods. Compliance with QUASIMEME standards will ensure 

a) comparability of data

b) regional and international acceptability of data
	International and national laboratories; international QA/QC organisation

	Trial sampling exercise
	All national laboratories will participate in a simultaneous trial sampling exercise at a limited number of selected 'representative' sampling locations. This exercise will incorporate the first 'live' implementation and test of QA/QC systems.
	International and national laboratories

	Data collation and review
	The data from the intercalibration and trial sampling exercises will be collated and reviewed. The performance of sampling, analytical and QA/QC systems will be evaluated. Any final corrective actions will be taken, and the combined national resources will then be 'signed off' as being fully prepared for the execution of the Phase 1 REMP.
	CEP

	Regional meeting to discuss results
	The results and conclusions of the intercalibration, trial sampling and data review process will be presented to a regional meeting. National representatives will familiarise themselves with the outcomes, and will then formally approve the initiation of the Phase 1 REMP.


	CEP

	Preliminary decision/management framework


	The purpose of the decision/management system is to provide a mechanism for reacting in a systematic and constructive manner to the data generated by the REMP. In this respect, the REMP can be viewed as a management tool, which serves to identify trends and events that merit regulatory action or more detailed investigation.

The decision framework will evolve during the execution of the REMP, as the data provide accumulated evidence of the presence or absence of trends and of the linkages between key processes. The potential for developing 'trigger' values will depend largely on empirical findings with respect to the precision and variability of the different types of data. These empirical observations will, with time, enable an informed selection of those parameters (both biological and chemical) which are best suited to the application of numerical compliance criteria.
	CEP and international and national consultants



	Regional meeting


	The draft decision framework will be presented at a regional meeting. The views and responses of national representatives will be received and discussed. A Phase 1 framework will be finalised, based on technical and statistical practicality.
	CEP

	Provisional EQOs 


	Part of the decision framework will rest on the definition of a range of provisional Environmental Quality Objectives (EQOs). These EQOs will be based on
	CEP, national and international consultants

	Provisional trigger levels


	Where possible, provisional numerical trigger levels will be proposed. These will not be fixed or definitive - as noted above, the accumulation of data during the REMP will deliver a better understanding of linkages and variability, and the trigger levels should be progressively adapted in the light of this understanding
	CEP, national and International consultants

	Review and finalise Phase 1 trigger levels


	The proposed preliminary trigger levels will be reviewed following the completion and evaluation of the snapshot survey, and will be revised in the light of relevant observations and conclusions from the survey.
	CEP, national and International consultants


	Finalisation

	Element
	Description
	Responsibility

	Design finalisation


	Point-by-point review of Phase 1 design, reviewed against participant nation comments and against practical outcome of training, validation and intercalibration exercises. The objective is to ensure that the entire programme is practicable and workable before commencing routine monitoring.
	CEP and national representatives

	Signing of protocols on data sharing


	Member countries will draft and sign a protocol on data sharing, to ensure that all data generated by the programme will be communicated in a standard format and in a timely manner for incorporation into the CEP database
	CEP

	Final review of Phase 1 design


	Final confirmation that all outstanding scientific and technical issues have been addressed and resolved.
	CEP

	Finalisation of Phase 1 design


	Publication of the REMP Phase 1 design as a working document and specification for member country compliance.
	CEP

	Implementation of Phase 1 REMP
	Commencement of the schedule of routine monitoring
	CEP, supported by international lab and consultants


Fills in gaps in habitat and community descriptions


Links primary production to nutrient levels


Tracks changes in habitat area





Parameters selected on basis of LBA analysis and consultation with national focal points





Estimates habitat area and complexity


Estimates primary and secondary productivity








Tracks contaminant exposure


Estimates contaminant impacts








Tracks contaminant exposure


Indicates food quality of fish 





Oxygen stress


Temperature stress





Dissolved Oxygen


Temperature


Salinity


pH








Hydrographic monitoring





Currents


Bathymetry





Regional Environmental Monitoring Programme


Core parameters


Nutrients (N,P) and turbidity


Plankton


Chlorophyll a


Total organic carbon in sediments


Hydrocarbons and PAHs in water and sediment


Heavy metals in sediment





Tissue contaminant residues


Biomarkers


Organic contaminants in sediments





Acoustic habitat mapping


(seagrass, sediment)


Phytoplankton and zooplankton


Soft-bottom sediment fauna








Biological Monitoring


Marine mammals


Fish


Marine invertebrates


Plankton


Birds











Fisheries Management Plan





Stock assessment


Fishing effort











