Monitoring Programme: protocols and specifications
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1 Introduction

The value of the Caspian Information System depends on the way in which it is used.  It is not intended to be simply a repository of historical information.  It is primarily intended as an environmental management tool, which will enable users to 
a) add to the existing data set on a regular basis

b) access the cumulative data set, and evaluate changes and trends in species presence, abundance, in community composition, and in basic environmental properties

c) draw conclusions about the environmental health of the Caspian ecosystems, and make informed environmental management decisions

d) prioritise habitats and resources for protective and remedial actions

e) present objective justification for environmental funding decisions and requests

2 Purpose and aims
The primary aim of the monitoring programme is to provide data which will support the broad objective of tracking changes in the health and diversity of ecosystems in, and adjacent to, the Caspian Sea.

The monitoring programme will not aim to comprehensively describe the biodiversity of the Caspian at any one point in time.  The species list developed during Phase 1 is over 500 pages long, and a large proportion of the species in the list will occur too infrequently to be observed on a routine basis.  For this reason, it is very important that the monitoring programme should be conducted consistently and over a long period of time; this will maximise the probability that uncommon species will be recorded, and may permit trends for such species to be eventually determined. A reliable, contemporary species list can only be established by means of consistent, long-term monitoring.  We should not, therefore, expect the monitoring programme to immediately generate comprehensive biodiversity information, or to be able to make immediate comparisons between specific times or places.  A key function of the programme will be to characterise spatial and temporal variation, since this will, over time, allow us to distinguish between natural cycles and long-term trends.
The monitoring programme must be practical, affordable and sustainable, using standardised procedures and equipment.  While participants are encouraged to undertake additional work, it is essential that all organisations should be equipped and organised to generate a core set of standard data for each habitat type.

Over the longer term, the information system will provide a basis for developing

a) one or more biological indices which can be used to concisely summarise, and track changes in, key aspects of Caspian ecology (such as the relationship between native and alien species, or the relative diversity and abundance of different groups of species)

b) a tool for identifying situations where there is a deviation between the biological community which is expected in a particular habitat and the biological community which is actually present in that habitat (such deviations often provide indirect evidence of anthropogenic disturbance)

3 Objectives and requirements
The monitoring programme will be applied to two general categories:

a) sites which are representative of the main types of marine, coastal and terrestrial habitats

b) sites which are of specific environmental or scientific interest (for this category, the standard monitoring programme will be modified to take into account the key characteristics of interest)

The purpose of including sites in the first of the above categories is to ensure, as far as possible, that all countries monitor a core set of similar, or comparable, sites.  This will provide a common basis for assessing general ecological trends, and will therefore assist in developing an understanding of the overall status of the Caspian.

The key aim is for data from the monitoring programme (ie, the distribution and abundance of species, together with relevant physical and chemical environmental data) is supplied to the information system at regular intervals by all participants.  To achieve this, it will be necessary to establish a permanent set of monitoring locations for each habitat type in each country.  Clearly, it will not be possible to monitor all existing habitat types, and attention will therefore focus (as indicated above) on a selected subset of representative types, and in particular those types which are considered by participants to most usefully reflect critical changes in the status of the Caspian ecosystems.
3.3 Standardised species lists

A primary requirement will be the development of a standardised species list, supported by centralised specimen reference collections.  To achieve this aim, a preliminary review of the CEP species list is in progress.  This review will ‘filter’ the list to identify

· species which can be regarded as permanent members of Caspian habitats

· species which occur infrequently, the status of which is uncertain

· species which may have been introduced from time to time (eg, in ballast water) but which have not become established as permanent inhabitants

This ‘filtered’ species list will be used as the starting point for developing the information system and the monitoring programme, but will be progressively refined during the course of the monitoring programme to take account of new data as they become available.

The development of reference collections is an important and essential element of the monitoring programme.  It is envisaged that, after the development of an initial working species list, it will be necessary to hold one or more taxonomic workshops for participants, to ensure that there is a high level of agreement and consistency in taxonomic identification.  Periodic workshops should also be held during the monitoring programme, to resolve any new or emerging taxonomic uncertainties. The highest priority in this respect is to ensure consistency and precision – ie, that all participants apply the same species name to a particular organism.  While it is also important, from an academic point of view, to ensure taxonomic accuracy (ie, to ensure that the taxonomic hierarchy is correctly observed), this of secondary importance.  The reasons for this are
a) if an organism is named consistently, it is always possible to revise the taxonomy and to update the information system accordingly

b) if an organism is NOT named consistently, then the error is difficult to detect and impossible to correct

The achievement of taxonomic consistency will require regular communication and exchange of information between the organisations and institutes participating in the monitoring programme.

3.4 Core monitoring requirements

The core requirements for monitoring are:
· Standardised sampling and recording equipment

· Standardised sampling methodology

· Standardised sampling frequency

· An agreed and consistent species list

· Standardised data recording

These will be different for different habitats, and this document presents the proposed approach.  The following monitoring procedures and specifications will be delivered to the scientists nominated to undertake the monitoring, at workshops scheduled for October 2005 and April 2006.  During the first of these workshops, the views and experience of the participants will be taken into account, and the procedures will be modified and finalised once this has been done.  The experience of participants will be of particular value in terms of
a) finalising the details of sampling methodologies

b) the selection of habitat types for monitoring, and the frequency with which each should be monitored
c) developing an initial species list for each habitat type

Frequency of monitoring will depend in part on the habitats under study, and in part on the resources available. In some cases, it will be important to accurately describe short-term and seasonal patterns of change; in other cases, it may be sufficient to conduct monitoring once per year.  The choice of frequency will require an optimisation exercise between the participating organisations; as far as possible, similar frequencies should be established for similar habitats in all countries.  However, resource constraints will also affect the frequency with which each habitat type can be monitored in each country. The range and number of monitoring sites to which each country commits will affect the frequency with which each site can be monitored, and these constraints may result in monitoring frequencies which are lower than the optimal value.

Higher frequencies of monitoring may be desirable for habitats which are of specific concern or are particularly vulnerable or sensitive.

 Timing of monitoring is also important.  If monitoring is conducted annually, then it is recommended to conduct monitoring at a time when logistical problems are minimised and when biological rates of change are low.  This will generally mean that spring and winter sampling should be avoided.  The former,  because high rates of biological activity result in rapid changes, with the consequence that data may also be highly variable; the latter, because productivity and abundance are low in winter, and poor weather conditions will reduce the chances of successful monitoring and increase the risks to survey personnel.  In general, sampling in late summer and early autumn is likely to generate the most reliable data from the perspective of long-term comparison and trend analysis.

3.5 Formal documentation, quality assurance and quality control

Once sampling procedures have been discussed and agreed, they will be formalised as a series of Standard Operating Procedures (SOPs).  SOPs will contain formal quality assurance, quality control, data recording and sample archiving requirements.  They will be controlled documents, which means that methodologies can be modified only by a formal and centralised process. Each copy of an SOP will receive a unique identifying number, and will be issued only to registered recipients. Recipients should use only the formally-issued versions of SOPs, and should not make unofficial copies.  When changes are required, new numbered versions will be issued, and old copies will be returned and archived.  This process ensures that all participants at all times are using the same, and most recent, approved documents.  It is therefore a process which is central to the objective of ensuring that methodologies are consistent, and that data generated by all the participants are directly and quantitatively comparable.  Each participant will be requested to regularly submit QA/QC information, to provide objective verification of compliance with the procedures.
It will be an absolute requirement that all participants should retain and archive all raw data, and they should also place copies of all raw data with the CEP secretariat.  The availability of raw data is one of the primary methods of validating the contents of the information system.
Standard Operating Procedures will specify:

· The methods to be used

· The data to be recorded

· Quality assurance and quality control procedures

· Procedures for archiving survey records and raw data

· Procedures for archiving biological specimens and samples
4 Monitoring parameters and precision

Monitoring is invariably a compromise between what is desirable and what is practically necessary and achievable. Ideally, monitoring should focus on specific objective indicators of environmental health and status.  Practically, such indicators often do not exist – or at least are not objectively defined and validated to the point where they provide a high level of certainty.

Monitoring studies are always constrained in terms of what they can measure.  It is rarely possible (and almost never affordable) to monitor and measure everything.  Monitoring regimes are designed (as far as possible) to obtain representative samples and observations. However, sampling methods invariably have practical limitations, and these generally limit the extent to which samples can be truly representative.  In most instances, the results of sampling are not so much a description of the environment as a surrogate for a description.  Marine benthic surveys are a good example – the practical constraints imposed by sampling mean that a few 0.1 m2 samples of sediment effectively represent the seabed environment for several hundred metres around.  The sampling methods are defined more by what it technically feasible and affordable than by scientific and statistical criteria.

The general aim of monitoring is to define environmental status, and to detect and track changes in environmental status.  This requires some a priori decisions about what needs to be detected and tracked, and about the magnitude of changes which need to be detected.  
Trend monitoring is a more powerful approach than paired comparisons, and generally offers a higher level of confidence when working with highly variable data.  This is because trend analysis can use a far greater amount of the available data. Even when the results of two consecutive surveys cannot be usefully statistically distinguished, they can contribute value to a trend assessment if they are placed within a longer series of observations.  Trend monitoring is only feasible within an integrated monitoring programme, since it involves planning work over larger physical and temporal scales than would be likely for an individual operation or project.

The efficiency and cost-effectiveness of monitoring can, in principle, be increased by regularly reviewing monitoring results with the aim of identifying and selecting more restricted but objective indicators of ecological health.  This can only be accomplished by an overall assessment of monitoring outputs, since it involves looking for the most consistent features across all outputs.  This approach will be central to the development and use of the Caspian Information System.
5 Aquatic habitat monitoring

Routine monitoring of aquatic habitats will include:
· Rivers, estuaries, deltas, and lagoons

· Nearshore marine environment

Monitoring of deeper, offshore waters is also important, but involves the use of large, costly vessels which may not be routinely available or affordable.  Offshore habitats, which are relatively remote from industrial pressures and less impacted by alien species, provide a valuable benchmark for ecological status and change.  Most recent information on the status of offshore habitats has been generated by the oil industry, which maintains ongoing offshore monitoring programmes.  These programmes include regional surveys which are intended specifically to provide information on natural and background trends.  It is planned to include existing oil industry regional data in the information system, and to seek agreement with the oil industry to contribute future regional monitoring data on a regular basis.  Although such data will be limited to the areas within which the oil industry currently operates, it is believed that the geographical coverage is sufficient to provide a realistic picture of offshore status and trends.  The use of oil industry data does not, of course, preclude CEP participants from undertaking their own offshore monitoring, and it would be desirable for States to co-operate in mounting periodic joint offshore surveys; ideally, these surveys would be designed to complement oil industry monitoring, and to fill the geographical and scientific gaps in the oil industry data.
The following components of aquatic habitats will be monitored:

· Zooplankton and phytoplankton

· Local fish populations (it is beyond the scope of the monitoring programme to routinely assess commercial offshore fisheries)

· Benthic communities (on both hard and soft substrates, as far as practicable)

· Basic sediment properties (physical composition, particle size distribution)

· Aquatic flora (including seagrass)

· Basic water chemistry

5.3 Water column
Water column monitoring provides, in many instances, the most direct and contemporary indication of pollution threats and ecological status.  Changes in water chemistry reflect ongoing  or very recent processes and events; changes in plankton composition and biomass can provide evidence of short-term responses to these processes and events.  Conversely, ecological improvements may be observable in the water column long before parallel improvements are observable in the benthos, since sediments often retain ‘signals’ from past events and respond more slowly to reductions in pollution and other forms of disturbance.
5.3.4 Plankton 

The monitoring programme will focus on phytoplankton and metazoan zooplankton.  Although bacterioplankton are an important element of the food chain, bacterial communities adapt and change very rapidly; for this reason, a very high intensity of monitoring would be required in order objectively assess their status.  In cases where participants have specialist expertise in the area of bacterioplankton, they are encouraged to include this in their monitoring activities and the results will be included in the information system.  However, constraints of resource and funding will mean that it is impracticable for this aspect to be a routine part of the standard monitoring programme.
Standardised sampling equipment will be required – it is recommended that surveys should be conducted using paired nets with flow meters (coarse and fine mesh – approximately 50 um and 200 um - for zooplankton) and 5-litre sampling bottles (for phytoplankton and water chemistry).  The use of double paired nets with flowmeters wiil

a) Provide separate samples for taxonomic and biomass determination

b) Enable the volumes filtered to be accurately determined

c) Provide sufficient sample material to enable reference and archive collections to be maintained, and to provide ‘back-up’ material for additional studies where necessary

The number and size of samples will depend on the size of the area under study.  Pilot studies are recommended to objectively determine the optimum sampling duration and sample volumes.
As far as possible, plankton net sampling should be based on horizontal tows at a series of depths – if not possible, use diagonal tows (vertical hauls only as a last resort, if towing nets is not possible). Horizontal tows give the best picture of vertical distribution – undulating tows above and below the thermocline are a good compromise.  A separate sampling strategy will be required for Mnemiopsis; to avoid damage to organisms, this species should be sampled by hand-hauled net.
It is proposed that general sampling and preservation strategies should follow standard international methods (eg, UN, ICES).  These will be modified in discussion with participants during the workshops, to ensure that regional expertise and experience is fully taken into account.
Data analysis should focus on

· Presence and absence of species

· Relative abundance of species

· Species population structure (provides information to estimate productivity)

· Biomass estimates

Since plankton turnover can be very high, standing crop (biomass) is often of limited value on its own.  The potential for plankton to contribute to higher trophic levels depends on production, rather than instantaneous biomass. This is why population structure estimates are important, since they provide useful information about production.  However, this can be a taxonomic challenge, and will probably need to be tested and developed over time before it can become a routine component of monitoring.
All laboratories should prepare reference specimen collections for each individual survey, and keep a separate reference collection containing a complete set of specimens of all organisms found during the monitoring programme execution.  A central reference collection will be maintained, and periodically each laboratory should send duplicate specimens from their master reference collections to ensure that the central collection contains a complete set of all species recorded.
5.3.5 Fish

The monitoring of fish populations will, for routine purposes, be limited to studies conducted in nearshore waters, rivers, and lagoons.  Sampling will be carried out from small workboats.  Some participants may also be in a position to gather data from landings of commercial fisheries, and are encouraged to do so.
The most practicable approaches would be to use

a) small beam trawls

b) acoustic ‘fish finder’ equipment (relatively cheap and easily deployed on a small boat)
It will be impracticable, in most instances, to monitor on a scale which will permit realistic estimates of fish population structure and dynamics. Attention will therefore be focused on parameters such as
· length/weight relationships
· condition indices

· abundance – measured using acoustic methods, or estimated from catch-effort analysis
· species composition

It is recommended that monitoring should, where practicable, include some standard ‘effect’ indices – histopathology (likely to be a core capability in many labs), blood cell micronuclei, PAH metabolites in bile.  Some of these parameters may require additional equipment and training.  Measurement of PAH metabolites in bile may be particularly useful for monitoring sites which are considered vulnerable to oil pollution (either from the production process, or from shipping).  A simple, semi-quantitative fluorescence analysis method is available which can rapidly detect recent exposure to both petrogenic and pyrolitic PAHs.  This can be used as an ‘early warning’ system, to quickly determine when monitoring sites have been exposed to both known and unknown sources of oil.  Participants may wish to nominate additional effects parameters – these can be extremely useful in detecting ‘real time’ effects of changes in water quality.
It is anticipated that each country will have specific preferences with respect to histopathological parameters and methods, and that it will be beneficial to review these during the October 2005 workshop.

The frequency with which fish monitoring is carried out will depend in part on the availability of resources.  Where this work can be carried out by fisheries departments or institutes, it is recommended that sampling should be undertaken at designated locations at intervals of two or three months.
5.3.6 Water chemistry

Although each participating laboratory will have specialist expertise in particular aspects of water chemistry analysis, it is important to identify a core set of parameters which all laboratories can measure routinely.  Where additional parameters are of interest or concern, it will be necessary to establish appropriate methods for sample preservation (these will depend on the parameters in question) and to establish a system for transporting samples to the appropriate specialist laboratory.  It should not be necessary to require all laboratories to be able to undertake all possible analyses; for parameters such as heavy metals, hydrocarbons and pesticides, it should be sufficient to have one or two specialised laboratories in the region. Since this may involve moving samples between countries, it will also be necessary to address resourcing issues – in particular, to develop a central fund to meet the additional costs of such analysis, or to establish a system of bilateral payment or exchange of services between countries.  

It is recommended that all laboratories should undertake water analysis for the following parameters, and that water samples for analysis should be collected in conjunction with all aquatic monitoring studies:
· pH, temperature, dissolved oxygen, salinity, turbidity
· nutrients – nitrogen and phosphorus compounds, silicates

· chlorophyll a
· Biological oxygen demand (5 day test)
Analysis will be based on the methodologies agreed and implemented in the CEP synoptic cruises.

Where possible, laboratories should also attempt to estimate net phytoplankton productivity using the light/dark bottle method (net production/consumption of oxygen in water samples held in the light and in the dark, which measures the difference between oxygen produced by photosynthesis and oxygen consumed by respiration).  
5.3.7 “Mussel watch”
Mussel watch projects have been established in many countries, and are a tried and tested component of many environmental quality monitoring programmes. Mussels are, in many ways, ideal monitoring organisms.  They remain fixed in one place, and their condition therefore reflects local water quality with a high degree of confidence (it is often difficult to interpret data from more mobile species because their exposure history is difficult to determine).  Studies can be carried out on natural populations (ie, sampling from established colonies), but it is also possible to ‘transplant’ mussels in cages to areas of specific interest.

This type of programme is not a direct measure of any aspect of biodiversity.  It can contribute significantly to understanding threats to (and changes in) biodiversity by providing information on 
· The direct biological effects of waterborne pollutants

· The indirect effects of ecological processes (such as changes in plankton productivity)

Mussels filter large volumes of water, and readily accumulate a wide variety of pollutants, and (unlike many higher organisms) do not rapidly metabolise them.  This has three benefits:

a) the biological effects of the contaminants can easily be measured via a number of robust and cheap biomarkers

b) mussel tissue concentrations of contaminants are many times higher than contaminant concentrations in the environment, and chemical analysis of the tissue is a very cost-effective way of monitoring for the presence of pollutants in the environment

c) contaminant tissue concentrations and biological effects represent weeks or months of time-integrated exposure, and these data therefore provide a much more realistic and representative indication of environmental contamination status than can be achieved by the conventional approach of chemical analysis of ‘spot’ water samples

In summary, mussel watch monitoring provides a more sensitive, realistic and environmentally relevant approach than that provided by conventional water sampling programmes.  The time-integration of exposure avoids much of the potential bias which can arise from conventional sampling – in particular, a single mussel measurement can provide a realistic indication of ‘average’ water quality over an extended period, while tens or hundreds of conventional water sample analyses would be required to achieve a similar level of realism.  Mussel watch studies can therefore be extremely cost-effective.

The oil industry has expressed interest in supporting a mussel watch programme, and it should be possible to use this support to provide training and preliminary programme coordination.

5.4 Sediments

Freshwater and marine sediments provide a historical record of contamination, and of the impact of contamination on benthic ecology.  The contaminants which have the greatest effect are those which accumulate in sediments. Consequently, sediments often contain the results of varied and successive contamination processes; it is important to recognise that sediment chemistry and biology reflect historical processes, and that they cannot always or easily be related only to current sources of pollution.  However, the possibility of historical pollution also means that sediments may be highly vulnerable to even low levels of current pollution.
The measurement of sediment chemistry is often a central element of monitoring programmes, but makes a high demand on equipment and funding.  Participants are encouraged to carry out comprehensive analysis for heavy metals and organic pollutants where this is possible.  However, the monitoring programme will be designed to ensure the following:

5.4.4 Macrobenthos

Macrobenthos will be sampled using a standard grab with a sampling area of 0.1m2 and a sampling depth of approximately 15 cm. A van Veen or similar grab would be suitable. We will define macrobenthos as those organisms which are retained on a 0.5mm sieve.  For macrobenthos, a minimum of 3 replicate samples per station should be collected on each sampling occasion; 5 replicates are preferred. The purpose of replication is not primarily for statistical reasons, but because many benthic species are over-dispersed or clustered, and are therefore likely to be under-sampled if only a single sample is taken.
Sampling strategy will depend in part on the dimensions of the area to be monitored.  Two basic options are available:

· Fully randomised sample location within each habitat type in the survey area

· Fixed stations, with replicate sampling at each station

For either option, the total number of sampling stations should ideally be determined by means of pilot studies.  Pilot studies should use a large number of stations, so that the optimum number for routine sampling can be determined (this is the lowest number of stations which does not significantly reduce precision).

Benthic studies will require a standard species list, standard keys for taxonomy, centralised reference collections, and periodic workshops to ensure taxonomic consistency.  The primary data requirements are:
· Identification of species present in samples

· Estimate of abundance of species present in samples

· Estimate of biomass of major taxonomic groups present (eg, bivalve molluscs, gastropod molluscs, amphipoda, cumacea, oligochaetes, native polychaetes, alien polychaetes, etc)

The determination of mollusc biomass will require standardisation of methods, since carbonate shell material represents a significant proportion of ‘total’ biomass.  For bivalves, it is practicable to remove the flesh from the shell, and to obtain an estimate of the average value of this proportion.  For gastropods, it is not practicable to do this; in this case, it is more effective to

a) determine total biomass

b) oxidise the organic material at approximately 450 C (ie, below the temperature at which carbonate decomposes)
Where time and resources permit, it is also desirable to
· Examine age/size distribution in molluscs and insects (this can provide additional information on recent recruitment success and population viability)
· Examine species such as Chironomus for specific indicators of pollution effect (eg, mentum deformation)

All laboratories should prepare reference specimen collections for each individual survey, and keep a separate reference collection containing a complete set of specimens of all organisms found during the monitoring programme execution.  A central reference collection will be maintained, and periodically each laboratory should send duplicate specimens from their master reference collections to ensure that the central collection contains a complete set of all species recorded.
5.4.5 Meiobenthos & bacteria
Bacterial studies will not be a key element in the monitoring programmes.  Although bacteria are a very important component of all habitats, they tend to adapt rapidly to changing conditions, and are often therefore less sensitive than higher organisms.  Bacterial turnover (ie, production) is, however, likely to be a more useful indicator of ecological health than bacterial diversity.  It is inherently difficult to measure ‘natural’ bacterial productivity in samples – the process of collecting and manipulating the sample will inevitably alter key parameters (such as redox potential, oxygen content and sulphide content) and these will in turn have a significant effect on bacterial processes.  It is therefore not considered appropriate at present to propose methodology for this type of study; instead, proposals for relevant and appropriate methodologies are requested from participating laboratories.
Meiobenthos are generally too small to sieve from sediment grab samples, and will need to be enumerated in subsamples taken directly from grabs.  For meiobenthos, the most effective and simple way to do this is to use plastic drinking straws to take replicate ‘core’ samples directly from the sediment while it is still in the grab.  Each sample can then be preserved, and subsequently examined in a plankton counting tray, or under a microscope.  The number of subsamples required can be determined statistically – normal practice is to continue to take and count subsamples until the variance in species number and abundance has stabilised.
5.4.6 Sediment chemistry
Comprehensive chemical analysis of sediments is expensive, and requires substantial technical resources.  Whilst such analysis is to be encouraged where possible, it is necessary to establish a minimum set of parameters which all participants can guarantee to undertake within the logistic and funding limits of the monitoring programme.  
Samples will be collected using the same methodology as for benthos, and will be collected synoptically – it is essential that samples for physicochemical and biological measurements are collected at the same time and at the same locations.  It is recommended that a minimum of three replicate samples should be collected at each sampling point and occasion, and that a further two replicates should be collected for preservation and storage, so that a historical archive of material is developed over time.  Before preservation, the ‘storage’ samples should be split, so that subsamples can subsequently be sent to a central archive which will collate a full and representative set of subsamples from all countries and surveys.

As a general rule, sediment samples intended for physical and heavy metal analysis should be placed in polyethylene bags, while samples intended for organics analysis should be placed in clean aluminium containers.
Basic parameters to be measured will include:
· Physical composition – particle size, silt/clay content, organic content, carbonate content

· Redox potential (must be measured immediately upon collection, while sediment is still undisturbed in grab, and must be measured at a standard depth in the sediment)

· Water/moisture content

· (possibly gravimetric determination of total oil content on DCM extract, but depends primarily on laboratory access to DCM – it might be possible to distribute re-distilled DCM from laboratories working for the oil industry)
Parallel (replicate) samples should also be taken and preserved in order to create a historical archive of material.  This archive will represent a resource which can be used to conduct analysis of additional parameters (eg, hydrocarbons, pesticides, PCBs) should this be considered necessary in the future, and will thus enable a retrospective determination of contamination trends.  Preservation methods will include freezing, solvent and acid extraction, freeze-drying.  The default preservation method will be freezing, since this provides the best compromise for organic, inorganic, volatile and non-volatile substances.
5.5 Hard substrates

Hard substrates provide a habitat for a wide range of aquatic flora, including important species of red algae.  They cannot be sampled using grabs, and in water more than about 1m deep the most practicable approach is to use a submersible camera – either digital or video.  Aquatic flora tend to be confined to relatively shallow water (usually less than 5m, although the actual depth will depend on factors such as turbidity).

Within each monitoring location, it will be necessary to establish quadrats or rope transects so that images can be spatially related to each other.  GPS should be used to determine the location of quadrats and/or transects.  If possible, representative physical samples should be taken (this would require divers in deeper water, so may not be routinely practicable).
Acoustic monitoring (see below) has been used in Azerbaijan to map seabed characteristics, and have proved successful in delineating hard and soft substrates in shallow coastal waters. This method is useful as a tool to rapidly identify, and define the extent of, different coastal habitat types.
5.6 Macrofloral communities

These are often subject to the same sampling constraints as hard substrates, and similar methods will be required.  In the littoral and splash zones, it should be possible to collect physical samples by hand for taxonomic identification and biomass determination.  Attention should also be paid to fauna associated with macroflora – it is difficult to sample these in deeper water, but may be possible to use push-nets in shallower water.  Recommendations from participants are sought on the most effective and practicable methods for sampling fauna associated with macrofloral communities.  Information on the faunal communities associated with aquatic flora will improve our overall understanding of the ecological importance of floral communities.
Acoustic monitoring methods have been used by the oil industry in Azerbaijan to map the location and distribution of seagrass beds.  These methods are effective in providing a broad geographic picture, but do not have sufficient resolution to enable changes in the area of seagrass beds to be detected with good precision.  They are, however, very suitable for the purpose of rapidly surveying large areas of coastline in order to determine the overall distribution and importance of seagrass within a region.  Acoustic monitoring equipment is expensive, and could not be routinely used by all participants in all relevant habitats. However, it may be possible to hire suitable equipment and to co-ordinate periodic surveys between several participants.  This could perhaps (and depending on funding) be carried out every two years.
6 Terrestrial habitat monitoring

At all terrestrial monitoring locations, fixed photographic points should be established for routine recording of digital images. These images will be of value 
a) for assisting users to visualise the general comparative characteristics of each habitat

b) for tracking gross seasonal and longer-term changes in soil and floral community characteristics

Terrestrial habitat monitoring should ideally be conducted in spring and autumn for each study area.  Springtime monitoring will ensure that flowering and ephemeral plants are adequately recorded, while autumn monitoring will provide a clearer picture of the outcome of the growing and breeding seasons.
6.3 Flora

Monitoring of terrestrial flora will use two basic approaches:

· Transect sampling, where community composition is estimated at points along an extended line

· Quadrat sampling, where a specific area (eg 1m2, 10m2,) is randomly selected for detailed, quantitative study
If the study area is very large, it may be appropriate to establish a number of 100m x 100m sub-plots, within which detailed information will be recorded.
Transects should be used initially, to establish the basic ecological and physical structure of the area under investigation.  This will enable a basic mapping of soil and vegetation types, from which it should be possible to identify distinctive areas or strata.  The formal sampling programme should be designed to generate reliable and representative data for each identifiable stratum.
The spacing of transects will depend on the homogeneity and size of the area under study.  It is recommended that, for each survey site, a preliminary pilot study should be carried out using a large number of closely-spaced transects.  The data from the pilot study can be examined to determine objectively the extent to which the number of transects can be reduced without significant loss of information. Once transect locations and length have been decided, the start and end points of each transect will be recorded using GPS, so that they can be accurately re-visited on each survey occasion.  In study areas where a number of soil or plant community types are present, some transects should be positioned so that they cross the boundaries; this will enable any changes in the relative area of each type to be determined.
At pre-determined intervals along transects (intervals will depend on the length of the transect and the heterogeneity of the environment) plant cover will be assessed by either

a) the Domin scale, which assesses the abundance of dominant species on a scale of 1-10 or

b) percentage cover of the dominant species

The results of preliminary transect studies will be used to define (as indicated above) the number of distinctive sub-habitats within the study area.  Within each sub-habitat, randomly- distributed quadrats will be used to quantitatively determine floral species composition and biomass.  The size and number of quadrats will be determined specifically for each study area – the need to achieve reasonable statistical precision must be balanced against the fact that biomass estimate is destructive, and that sampling damage to sensitive habitats must be avoided or minimised.  This will require an assessment of whether the value of the information which would be generated is sufficient to justify even a minimal amount of sampling damage.  In all cases, however, no physical samples should be taken of rare or threatened species.  Where direct sampling is considered to be undesirable, it is recommended that an attempt is made to estimate biomass by conducting ‘calibration’ studies on less sensitive areas with similar characteristics (in terms of general species type and plant cover);  if participants co-ordinate the conduct of a sufficiently number and range of such calibration studies, this will provide a statistically-reliable basis for non-destructive biomass estimates in sensitive habitats.

6.4 Fauna

Within the context of a routine monitoring programme, direct sampling of mammal, amphibian and reptile fauna will often be impracticable, but it may be possible to routinely sample insect fauna.  The most practicable methodology for the majority of fauna will be to use the transect approach, with checklists for observation of tracks, droppings, burrows, direct sightings, etc.  Cost and logistic requirements will be minimised if the same transects are used for floral and faunal surveys.
Where an area is known to contain threatened or Red List species, it may be necessary to adopt monitoring methods designed to generate statistically-reliable data for these species. This will also be the case where there is an intention to use indicator species (either for the purpose of detecting particular types of disturbance, or where a particular species is known to provide a good general indication of ecological health).
Where the national authority or organisation responsible for monitoring has identified that one or more species in an area may have value as indicators (either of pollution effects or of general ecological health) it may also be necessary to implement specific methods to quantify population size or structure.  Participants will be requested to indicate if this is the case for any location, once a complete set of monitoring locations has been agreed and finalised.
6.5 Soil characteristics, topography and erosion
Soil type and land use data are essential.  It will be necessary to develop an elevation (topographic) map for each study area, and record:
· Surface water flow patterns and erosion (principally by photography)
· Evidence of grazing pressure and impact of other land use (again, photographic evidence is of value)
· Distribution of soil type in relation to vegetation (this will need to be aligned with the conduct of floral transect surveys)
Detailed chemical analysis of soil is beyond the scope of the proposed monitoring programme, but it is considered of value to systematically collect and store soil samples so that a reliable historical record of soil conditions can be constructed if required.  

Participants will be requested to collect representative core samples of soils from all monitoring locations. Cores should penetrate a minimum of 30 cm; however, the optimal depth of sampling will be determined by participating laboratories, in the light of their specialist knowledge of the areas they are responsible for monitoring.  Samples should be immediately photographed (on a white background, with a clear label indication time and location) after removal from the coring device.  Samples will be wrapped in aluminium foil immediately, and frozen as soon as possible.

Parameters for which soil samples may subsequently be analysed include:

· Particle size

· Geological composition

· Salinity

· Macronutrient content (N, P, K)

· Water content

· Organic content (measured for a series of soil horizon intervals
7 Ornithology

Ornithological studies will be required for both aquatic and terrestrial habitats.  It is important to establish the status of permanently resident bird populations (ie, those which play a permanent and significant role in the local ecology) and the status of migratory and overwintering populations, especially where these have regional or global significance.

We propose that standard monitoring should follow the methodology established by international and national specialists who have conducted a series of surveys for the oil industry in Azerbaijan in the past 5 years.  The data from these surveys should provide a useful template for recording and reporting.
Monitoring of local (resident) bird populations should take place at least twice per year (spring and autumn, ideally in co-ordination with floral and faunal surveys).

Participants are requested to provide information on their current monitoring of overwintering and migratory bird populations.  It is likely that existing  programmes will already be providing sufficient data, and that it will necessary only to ensure that these data are fed into the information system.  However, it will be important for participants to provide examples of the data they presently record, so that formats can be harmonised.  This will make maintenance of the information system easier, and will also maximise opportunities for information exchange between countries.

8 Conclusions and recommendations
The following tables summarise briefly the range and types of monitoring which will be necessary in order to cover all the main habitat types.  The number of surveys of each type per country will depend on the number of habitats which are nominated for monitoring.  It is clear that each country might have to mobilise a very large amount of resource to ensure that all types of habitat are fully covered.  This is one reason why a high degree of coordination is essential – we need to ensure that, over the whole region, each key habitat type has good geographical monitoring coverage, while also ensuring that the participating organisations are not overloaded.  It is better to secure a limited quantity of high quality data than to take the risk of setting targets which are not achievable.
	Primary category
	Environmental compartment
	Component
	Sub-

component
	Method
	Parameters
	Frequency
	Timing

	Aquatic
	Water column
	Plankton
	Double paired nets with flow-meters for zooplankton
	Species composition
	1-4 times per year
	Preferably summer/ autumn, when rates of environmental and biological change are low

	
	
	
	Horizontal/oblique tow
	Abundance
	
	

	
	
	
	Vertical haul for Mnemiopsis
	Biomass
	
	

	
	
	
	NIOZ closing water bottles for phytoplankton
	Population structure (selected species only)
	
	

	
	
	
	
	Reference collection development
	
	

	
	
	Fish
	Beam trawl and/or acoustic monitoring of local populations
	Length, weight
	
	

	
	
	
	
	Species composition
	
	

	
	
	
	
	Histopathology
	
	

	
	
	
	
	'Effect' measures such as PAH metabolites
	
	

	
	
	Water chemistry
	CTD
	Salinity, temperature, dissolved oxygen, pH, turbidity
	
	

	
	
	
	NIOZ closing water bottles for sampling
	
	
	

	
	
	
	Freezing or acid preservation of samples for archive
	Heavy metals, hydrocarbons, PAH, PCBs, pesticides if required at later date
	
	

	
	
	
	
	
	
	

	
	
	Mussel watch
	Collection of mussels from field locations
	Condition index
	
	

	
	
	
	Deployment of mussels in cages
	Filtration rate
	
	

	
	
	
	Freezing of mussel tissue for archive
	Heavy metals, hydrocarbons, PAH, PCBs, pesticides if required at later date
	
	

	
	
	
	
	
	
	

	
	Benthic
	Sediment
	Macrobenthos
Meiobenthos
	0.1 m2 van Veen grab
	Species composition
	Once per year
	July-September

	
	
	
	
	3-5 replicates per station
	Abundance
	
	

	
	
	
	
	Macrobenthos 0.5 mm sieve
	Biomass
	
	

	
	
	
	
	Meiobenthos: drinking straw 'cores'
	
	
	

	
	
	
	Flora
	Video/grab samples
	Domin scale/percentage cover
	
	

	
	
	
	Physico-

chemical properties
	3 replicates per station
	Particle size, carbonate, organic content
	
	

	
	
	
	
	
	Additional samples for hydrocarbons, heavy metals, pesticides, PCBs
	
	

	
	
	Hard substrate
	Flora
	Video/grab samples
	Domin scale/percentage cover
	
	

	
	
	
	Fauna (crustacea, molluscs)
	
	
	
	


	Primary category
	Environmental compartment
	Component
	Sub-

component
	Method
	Parameters
	Frequency
	Timing

	Terrestrial
	Flora
	Transect and quadrat
	Species composition
	Twice per year
	Spring and autumn

	
	
	
	Domin scale/percentage cover
	
	

	
	
	
	Biomass
	
	

	
	
	
	Grazing pressure
	
	

	
	
	
	Photographic record
	
	

	
	Fauna
	Transect and indirect observations
	Burrows, droppings, direct sighting
	
	

	
	
	
	Trapping/capture for insects and indicators
	
	

	
	Soils
	Visual record, photography
	Erosion and deposition patterns
	
	

	
	
	Core samples
	Soil structure, organic horizon, particle size, physical composition
	
	

	
	
	
	Soil pH, redox potential, salinity
	
	

	
	
	
	Additional samples for chemical and macronutrient analysis
	
	

	Ornithology
	Visual record, photography
	Species composition
	Resident birds 2 times per year
Migratory/overwintering birds once per year
	Spring and autumn for resident birds
October-January for others

	
	
	Estimate of abundance
	
	

	
	
	Number of breeding pairs
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