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Annex 1: Listing of Priority Habitats
1 Introduction
The Caspian Biodiversity Information System will, over time, provide both a historical record of environmental studies initiated under the auspices of the CEP, and the raw material with which scientists will be able to investigate (and understand) changes in the health and status of the Caspian ecosystems.

The Information System will provide a repository of all the environmental information contributed by the littoral states. However, although it will be of substantial academic value, its primary purpose is as a tool with which to identify the most sensitive habitats, the most vulnerable species, and the major threats to both.
It is hoped that objective use of the Information System in future years will help to resolve some of the uncertainties surrounding causes of change (and suspected degradation) in Caspian habitats and in the ecosystem as a whole.  

While historical information can be of great scientific interest or value, we express here the conviction that attention and effort must be focused on generating and interpreting new data. The reasons for this are simple:
· Historical data were not generated with the primary aims of maximising comparability or of detecting and quantifying trends.  Most historical data were generated for purely scientific purposes, and frequently lack a sufficiently broad ecological perspective

· Our primary concern is the status of the Caspian now, and the detection and quantification of trends which will enable us to understand the relative importance of processes which threaten its integrity and sustainability

Irrespective of the historical status of the Caspian ecosystems, we cannot assume a continuity of processes and pressures.  Pressures of the past may have contributed to the present situation, but they may not contribute in the same way to future changes. It is an urgent necessity to understand

a) the present status of the system

b) the actual pressures to which it is subject

c) the rates and directions of trends

This report summarises the output of previous reports on priority habitats and habitat threats.  The Caspian Coastal Sites Inventory Project, which is in progress at the time of writing this report, is revising habitat classifications and will provide an update on the identification of priority habitats and their status.

This report also considers the use of indicator species and biological indices in some detail.  As a basic principle, however, we do not consider indicators and indices to be a primary tool in understanding biodiversity status and trends.  The primary emphasis must be on 

a) establishing a reliable and consistent long-term regional monitoring programme

b) comprehensively analysing and interpreting the data generated by this programme

Indicators and indices might (or might not) be identified in the course of data analysis. They are, in general, too simplistic and too vulnerable to error to be relied on as the principal tools for interpreting and summarising data.  We therefore recommend that

a) indicators and indices are not used in the initial stages of the monitoring programme

b) that indicators and indices are only used once they have been fully validated and tested against more comprehensive methods of data analysis

c) that they are always used with caution, and reviewed regularly, to ensure that they remain valid

If a comprehensive approach to data analysis is adopted, there will be no additional benefit from the use of indicators and indices.  If a comprehensive approach is not  taken, the indicators and indices will not be a reliable substitiute.
2 Objectives

The objective of this report is to describe and define ways in which recent and future data can be used to monitor and assess status and trends in Caspian ecology.  

Although the Caspian region contains a wide variety of terrestrial and aquatic habitats, the primary focus will be on the marine habitat.  There are several reasons for this focus:
· The marine environment is a shared heritage of all the littoral states, and is therefore one where all states can participate with equal interest and benefit
· The marine environment contains a set of strongly linked habitats, which are subject to many common pressures

· It is necessary to start somewhere:  monitoring and assessment of all Caspian habitats will require enormous resources, and monitoring of the marine environment offers the opportunity to use resources with maximum efficiency and benefit
It is not proposed that key terrestrial and freshwater habitats should be ignored; all that is proposed is that initially, the focus of coordinated and integrated action should be on the marine environment.  The Caspian sea cannot be divided into separate compartments; what affects one part of the sea may affect all parts, since all parts are linked.  The sea itself is a unique body of water which is of global significance.  Concerted action in marine monitoring and management therefore has the potential to deliver the greatest benefits to all participating states.

3 Priority Habitats and threats

Priority habitats can be defined according to a number of criteria.  A principal criterion would be that a particular habitat is unique within the Caspian region, or that it is represented only within small areas or at a small number of locations.  Similarly, a priority habitat may be one which contains a rare species, or which contains a significant proportion of the Caspian population of a species.  These are ‘conventional’ definitions; essentially, a priority habitat is one which is perceived at a national or regional level as being of high value.  This does not necessarily depend on objective scientific criteria, since it is equally important that the social values of each nation are acknowledged; by definition, what people value is important.
It is important to distinguish between habitat types and specific local habitats or areas.  Habitat type is, on a regional biodiversity basis, the most important category.  For each habitat type, the key issue is how well-represented it is on a regional basis.  The loss of a local example of a habitat type is of high regional biodiversity importance if the habitat type is regionally uncommon, rare or unique.  The loss of a local example is of lower regional importance if the habitat type is regionally common or covers a significant proportion of the regional land area.  However, the regional significance of a common habitat type would be higher if (for instance) the total habitat area was close to the minimum required to support any rare or endangered species.  

When considering the needs of individual species, it is also necessary to consider the minimum viable area of each example of a habitat type, and the degree of ‘connectedness’ between areas of similar habitat.  In principle, it is possible for a habitat type to be regionally represented by a substantial total area, but for the individual habitat units to be too small to support key animal species.  
The terrestrial environment supports a much wider range of habitat types than does the aquatic (and in particular the marine) environment.  
Species in faunal groups such as fish, mammals and birds may occupy several habitats over the course of a year, and these habitats may be different in character and may be physically unconnected.  The survival of some species may therefore be dependent on the maintenance of several distinct and unconnected habitats.

In contrast, there is a relatively high degree of connectivity between marine habitats, both in terms of the freedom of movement of species and of the influence of ecological and anthropogenic factors.  The marine environment is also a unique and shared resource between Caspian nations. 

3.1 Priority habitats

A listing of priority habitats is contained in annex 1 of this report and is summarised from the REGIONAL ACTION PLAN FOR PROTECTION OF CASPIAN HABITATS (CEP Project RER/98/G32/A/1G/31). This report presented a comprehensive list of Caspian habitat types; the present CCSI project is in the process of updating this list, and identifying priority sites for biodiversity monitoring.

3.2 Threats
The Regional Action Plan report also comprehensively summarises the actual and potential threats to the habitats of the Caspian, and provides an indication of the relative importance assigned to these threats by each country.  The relevant text is reproduced here.

1.Sea level rise. The modern Caspian transgression during the past 18 years resulted in a sharp increase of sea levels (by about 2.5 m). Inundation of the coast brought on additional pollution of sea habitats and wetlands by toxic substances (pesticides, herbicides and so on) and oil products, and a loss of highly productive spawning grounds in lower reaches of rivers. This process is attended by progressive salinization of soils and a drift of surge zone in the coastal zone. The soar of sea levels caused disastrous displacement particularly in habitats located in shallow waters, on the coast and wetlands.  Such displacements gave rise to stresses of many living organisms and were the reason for a loss of biodiversity. Their former habitats were lost and formation of analogues at new places is a long-term process. Therefore certain species have lost their environmental niches. For instance, nut lotus (Nelumbo nucifera), a rare species, has almost disappeared in eastern (Kazakhstan) part of the Volga delta. Economic damage of this phenomenon is not considered here.

The sea level rise mostly affected coastal habitats in the Cis-Caspian lowland (Kazakhstan, Russia), lowland deltas in Azerbaijan and offshore shoals. 

2. River flow regulation. Hydro-constructions on the rivers Volga, Kura, Terek, etc., which started in the 30s, resulted in reduced water and nutrient runoff and alteration of their natural regimes. This caused changes in environmental conditions and structure of habitats in their deltas and, correspondingly, negatively affected the biodiversity. Almost a half of natural spawning grounds of sturgeons have been lost on the Volga and semianadromous fishes (zander, carp, Caspian roach) on the transboundary (Turkmenistan and Iran) Atrek.

The river flow control has strongly tailed off content of nutrients in them. Perennial researches showed that the content of mineral phosphorus is a limiting hydro-chemical factor for development of the Caspian biota. Damming of the Volga flow has sharply diminished the content of phosphorus in the North Caspian (up to 0.1-0.2 mg/l). Due to this the major feeding grounds of commercial fish has shifted southward. The content of phosphorus in the Middle Caspian constitutes 10-12 mcg/l, and 20-30 mcg/l in the South Caspian. Eastern shoals are relatively poor because phosphorus is intensely consumed by phytoplankton (extents of its maximal productivity).

3.Offshore oil and gas production. Intense development of oil industry on the Caspian Sea during the past decade provide no ground for optimism in terms of preservation of habitats and biological diversity. In spite of application of modern environmentally sound technologies for hydrocarbon exploration and production, the extent and rate of undertaken activities are too high. The highest intensity and scope of waters under development is in the Kazakhstan sector of the North Caspian. In the nearest future, the yearly production will reach 50 m. tons under forecasted resources of 5-7 billion tons. In the Azerbaijan and Turkmenistan sectors of the sea the reserves of hydrocarbons are not large. Yet, the explored oil fields will be further developed, hence there is a high probability of contingencies. Besides, construction of new pipelines is expected here, including underwater pipeline (Aktau-Baku) and transportation of the Tengiz oil by tankers to Baku. First of all, oil and gas production poses a threat to habitats for a high risk of emergencies and offshore oil spills. Increased shipping and construction of infrastructure (oil rigs, piers, artificial islands, etc.) are associated with these and, as a result, an increased discharge of waste waters, emissions into the air of products of combustion, impurity of waters, point changes in bottom relief, increase of noise and light effects, electromagnetic impacts, etc. A complex of these factors destabilizes habitats and exerts adverse influence on living organisms. An assessment of expected environmental consequences for the whole sea, definition of threshold values of sustainability of habitats to anthropogenic impacts, is needed to undertake preventive actions. 

It is necessary to undertake systematic actions for improvement of EIA procedures, standards, environmental legislation and their enforcement.

4.Oil and oil products transportation. The main risk is linked to transport pipelines from offshore platforms to the shore and unloading of tankers at terminals. Technogenic pollution of bays from ports and moorings happened on the Caspian Sea from the 30s of the last century. Oil spills during unloading of oil tankers, discharge of bilge waters and oil to “lighten” vessels at banks and during major repairs in ports resulted in mass mortality of birds (ducks, coots) from oil pollution. Shipping of oil tankers sharply raised in the Middle Caspian in the 70s. Frequent spills of crude oil and other oil products into the sea occurred due to poor technologies. For decline of production in the 80s, the situation with oil pollution in the vicinity of offshore oil production facilities has significantly improved, which in turn exerted favorable influence on biota. For example, thickets of stonewort, which are the indicator of water cleanliness, restored in the Turkmenbashi gulf and shrimps became abundant again.

5. Chemical pollution. Perennial pollution by waste waters of industrial and communal facilities, located in the coastal zone and along the rivers entering the Caspian, still present a serious environmental peril because many toxic substances don’t decompose for a long time and accumulate in water, soil, sediments and, correspondingly, in tissues of living organisms, particularly, hydrobionts. Heavy oil pollution is representative of offshore oil fields and the shelf in the Azerbaijan sector, coastal oil fields of Kazakhstan, and, to certain extent, Turkmenistan. Many of these installations are partially or completely submerged. The potential threat of an increase of pollution of waters of the North and Middle Caspian has recently escalated due to intensified oil exploration, production and transportation in the region.

This factor jeopardizes offshore habitats and wetlands of Azerbaijan, Kazakhstan and Russia and northeastern part of the Kazakhstan coast.

6.Eutrophication is a direct implication of water pollution by industrial and household organic effluents. Enclosed water bodies of wetlands (gulfs, lagoons, delta lakes) in the deltas of the Volga and the Kura are highly susceptible to eutrophication, which stems from a high density of population in catchments of these rivers. Information on blooms and development of hypoxic zones is not available. 

7.Poaching. The poaching endangers, first of all, biodiversity, particularly, ichthyo- and ornithofauna. The poaching indirectly also exerts influence on habitats manifested in changed ratio of population and productivity of different groups of living organisms. In the long run, this can disturb the equilibrium and sustainability of natural ecosystems. 

Overfishing of sturgeons in estuaries during spawning run and illicit shooting of waterfowls after completion of a hunting season or outside of permitted places inflict significant damage to populations and their resource potential. The significance of overfishing sharply rose in the 90s. One of the main reasons for increased poaching was a low level of livelihood and a high rate of unemployment.

8.Invasion of exotic species. Three new exotic species of plankton have been recently found in the Caspian: Blackfordia virginica, Aurelia aurita and Mnemiopsis leidyi. Independently whether they were introduced by man or not, such invasions of exotic species raise certain concerns. The invasion of Mnemiopsis is a particular problem since it was especially baneful for the environment of the Black Sea in the end of the 1980s. 

Potential adverse impacts from explosive development of population of Mnemiopsis in the Caspian can be quite considerable. The Caspian is under significant environmental stress resulting from natural impacts (sea level fluctuations, meteorological surge phenomenon) and polluting factors, mainly, related to river runoffs. As a result of food competition and direct predatory impact from Mnemiopsis, sprat stocks became highly sensitive. Since sprats are the main element in the diet of Caspian seals, this endemic species can be indirectly affected. Finally, the potential mass of settling debris of Mnemiopsis can exacerbate the presently observed anoxia of deep strata. 

9. Diseases. Under conditions of cumulative toxicosis, living organisms become vulnerable to diseases and epizootics, but they can’t be a factor threatening sustainability of habitats. In spite of this, a report of the Ecotox project names morbillivirus (distemper) as the main reason of mass mortality of seals in the Spring of 2000. In light of provided data, this reason seems to be subsidiary. 

10.Natural tectonic activity. Activities of mud volcanoes occasionally leads to water pollution by oil, mass mortality of birds and fish. Several earthquakes have been recently recorded in the Caspian region. According to data of Kaspekokontrol, these earthquakes have increased the content of hydrocarbons in seawaters in several places.
The effects of climate changes on the dynamics of habitats and biological diversity of the Caspian have been poorly studied. The overwhelming majority of this kind of researches refers to paleontology. The majority of researches conclude that climate changes indirectly influenced on the biodiversity of the ancient Caspian through the influence of climate on sea levels and salinity. 
Thus far, the factors threatening coastal and offshore habitats have not been assessed in any of the Caspian littoral states. Multiple sources of impacts, both in certain types of habitats and in national sectors of the sea and coast have not been also cumulatively assessed. 

Similar experience in other countries and at a narrow regional level shows that the first direction is preferable since it makes provision for general evaluation of parameters of abiotic environment and correlation of their dynamics with dynamics of components of biota. The second direction, as a rule, doesn’t sufficiently looks at interconnection of components of biota between them and with parameters of abiotic environment. 

An analysis of the national action plans for preservation of Caspian habitats showed that a list of threats to habitats is almost similar in all five littoral states, but they have different priorities:

	Factors threatening habitats
	Azerbaijan
	Iran
	Kazakhstan
	Russia
	Turkmenistan

	River damming 
	3
	6
	5
	1
	4

	Sea level fluctuations 
	7
	2
	3
	5
	7

	Pollution
	1
	5
	4
	2
	6

	Invasion of exotic species
	5
	1
	6
	4
	1

	Offshore oil production
	4
	3
	1
	6
	2

	Oil transportation
	8
	4
	7
	7
	3

	Poaching
	6
	N/A
	2
	3
	5

	Eutrophication
	2
	N/A
	2
	8
	8

	Diseases
	10
	7
	8
	9
	7

	Tectonic activities
	9
	8
	10
	10
	10


The above table shows that it is quite difficult to set the priority of a particular factor for the whole region due to differences in natural conditions and socio-economic developments of littoral states and also dominating forms of economic activities, enforcement of environmental legislation and many other reasons.

Of the above threats, only sea level rise and tectonics can be considered natural processes, the others are related to human activities.

The distribution of priorities indicated in the table reflects the historically formed situation and it is subject to significant changes in the nearest future. Besides, impacts of the above factors have not been equally studied.

4 Indicator species

4.1 Constraints on the use of indicator species
The term ‘indicator species’ has a very wide range of meanings, and the general concept has been used with widely varying success.  At its best, the concept can provide a very simple, reliable and clear means of assessing the status of a habitat or ecotope.  At worst, the concept can be misleading in the extreme, leading to incorrect conclusions (and consequently to ineffective or counter-productive environmental management decisions).  It is therefore important to emphasise that the concept cannot be ‘forced’ on all types of habitat and biological community.  The use of indicator species must be entirely empirical and pragmatic – that is, it is necessary to demonstrate on the basis of concrete and comprehensive data that, for a particular habitat or community, it is workable and that it delivers a consistently reliable indication of trends. 
Most importantly, we must be able to clearly describe the ecological characteristics or features with which an indicator species is associated, and to be able to demonstrate empirically that there is a consistent and persistent relationship. We must also keep any observed relationship under constant review – it is not safe to assume that the value of an indicator species will remain constant if conditions change.

An ‘indicator species’ is thus something which emerges from a thorough consideration of a large amount of data; it is not something which can safely be selected a priori (and especially not on the basis of purely historical data).
In the process of developing tools with which to interrogate the biodiversity information system, we need to ask the question:

· Do we have sufficient recent data to identify possible indicator species

We should be careful not to ask the question:

· Which are  the indicator species

In some (perhaps many) cases, it is likely that it will not be possible (at least in the short term) to clearly identify useful and reliable indicator species.  Indicator species are something we should be prepared to use if possible, but not something which we should expect to use in all circumstances.  
The consequences of using an inappropriate or incorrect indicator species can be severe, especially if a high degree of reliance is placed on the use of such species.  It is rarely the case that indicator species respond only to specific stresses or influences, and it is therefore always possible that changes in indicator species might be the result of factors which have neither been anticipated or measured.  The ecosystem is not a laboratory in which all potential factors of influence can be strictly controlled. A mistaken choice of indicator species, or misinterpretation of the reasons for a response, can lead to erroneous conclusions.  Erroneous conclusions can lead to the wrong environmental decisions and actions; at worst, they can lead to attempts to correct problems which don’t exist whilst failing to identify the problems which are most serious.
Indicator species should never be used as the primary means of describing the status of a habitat; they should only be used as an aid to interpretation and explanation when it is clear from a thorough assessment of comprehensive data that their characteristics do in fact reflect important ecological features.  
Where the use of an indicator species is supported by a wider range of data, such species can be very useful as a means of summarising complex data sets, and can thus be of great value in communicating the results of environmental monitoring to non-scientists.
4.2 Definition and selection of indicator species
We can define indicator species in a number of ways.  There is no single definition which is applicable to all habitats.  Table 2 summarises some of the commonest and principal definitions.  In this early stage of the implementation of the biodiversity information system, it is important to recognise that
· Historical information on indicator species is of value in providing guidance on the ecological role and function of such species but

· The use of indicator species in future assessment of Caspian habitats must be based only on empirical evidence from recent, current and future monitoring data

It is not considered safe to adopt the use of historically-defined indicator species without formal validation by means of data which represent the present condition of the Caspian ecosystem and its component habitats.  There are two principal reasons for this

· Ecosystem circumstances and functions may have changed since any particular indicator species was proposed or adopted

· More importantly, an indicator species is of no (or negative) value if it cannot be validated using current data
In this respect, it is essential to understand the difference between species lists compiled over many decades, and the species lists which can be generated using routine monitoring methods.  The original species checklist produced for CEP was 543 pages long.  One of the tasks of the present information system project was to ‘filter’ this list, and produce a shorter list of species which could reasonably be considered to be permanent members of the Caspian ecosystem.  The shorter list excluded species for which identification was uncertain, or which were likely to have been temporary introductions (eg from the Volga) which were not represented by permanent reproducing populations within the Caspian proper.  

This ‘filtered’ list is still over 200 pages long.  It represents all the available identifications, recorded over a period of many decades by many scientists.  It does not, however, represent a realistic basis for assessing trends in the biodiversity status of the present Caspian system.
This is a contentious statement, and requires further explanation.  The first point we must make is that the CEP species list gives no indication of the frequency with which any particular species has been recorded.  A species which was recorded only once has the same apparent status as a species which was recorded 1000 times.  If a species was recorded only once in several decades, in practical terms it does not matter whether it is or is not a ‘real’ member of the Caspian biological community.  What matters from a practical point of view is that the probability of recording this species in any single monitoring survey is effectively zero. Consequently, the value of this species in monitoring changes in biodiversity is also effectively zero.

This point can be illustrated by evidence from seabed invertebrate monitoring carried out since 1996 in Azerbaijan on the Apsheron sill and in the nearshore area south of the Apsheron peninsula.  Over a period of 8 years, a total of 183 invertebrate taxa were recorded.  However, for any individual survey, the number of recorded taxa ranged between approximately 30 and 60.  At any individual monitoring station, only 20-30 taxa were recorded.  And, of the 50-70 taxa listed in any one survey, only 10-12 taxa were recorded with sufficient frequency to permit any quantitative analysis of the data.  In all surveys (>25 in total), most of the recorded species (>60%) occurred at only one or two stations, and many were recorded in only a single replicate sample at a single station.  Even within this particular example, it is clear that we cannot, in any single monitoring survey, expect to observe and record all of the species known to be present within a relatively restricted geographical area.  

Table 1 summarises the species frequency for the offshore area of the Apsheron sill.  This shows that, for most major taxonomic groups, the majority of species within the group occurred only infrequently in samples.  Although it is possible that, ecologically, some of these infrequent species might be potential indicator species, it would not be possible to use them in this way because of the quasi-random pattern of their occurrence.
Table 1 Total number of species observed in Apsheron sill area  in each major taxonomic group, and the number in each group considered common (>25 of a total of 250 stations) and uncommon

	Group
	Number of species

	
	Common

(>10% of stations)
	Not common

(<10% of stations)
	Total

	Polychaetes
	6
	3
	9

	Oligochaetes
	10
	5
	15

	Gastropods
	15
	33
	48

	Cumacea
	7
	14
	21

	Bivalve
	2
	4
	6

	Amphipods
	17
	33
	50


It follows logically that we have to be very careful in the selection of indicator species – a basic requirement is that its distribution and abundance must satisfy some very simple statistical requirements.  It does not matter how ecologically important a species is, we cannot use it as an indicator species if it occurs more or less at random in real environmental samples.
The previous point raises an important question.  This relates to the choice of sampling method.  In the example cited above, there are several possible interpretations for the observations.  One is that the majority of species are truly low in abundance and very patchy in their distribution.  Another is that the standard marine sampling methods are adequate only for the more abundant and uniformly-distributed species – ie, that a significant proportion of species are not representatively sampled by the methods used.  It is not, in fact, known which of these is the correct explanation.  However, we can be sure that the cost of investigating this, and if necessary of developing more representative sampling methods, would be very high indeed, and would take considerable time. Science should not, in principle, be limited by cost and time; however, in practice neither time nor money are unlimited.  It is therefore impossible to avoid making a choice – do we work within the limitations of existing methods, and seek to collect new data as rapidly as possible, or do we postpone the gathering of data until the methods are perfected?  This is a strategic decision for the littoral states, but this project would offer the following comments:
· It will be difficult to even define a ‘perfect method’ without extensive research

· The time and cost to achieve such a definition cannot be estimated with confidence

· Even if perfected methods could be developed within an acceptable cost and timescale, they may be too expensive to employ in routine monitoring

The conclusion is that, within the practical limitations of a future monitoring programme, the selection of indicator species should be conditional on being able to demonstrate their validity by analysis of data generated recently (ie, within the past 5-10 years) or within the monitoring programme itself.  
Table 2  Potential criteria for the selection of indicator species
	Definition
	Comment
	Example

	A species which is central to the structure or function of an ecotope
	Often called ‘keystone’ species, and more common in the terrestrial environment than in the aquatic environment. 
	A typical keystone species would be (for instance) a grass, shrub or tree which dominates the structure of a habitat, and provides food and refuge for other species in the community

	A species which is known to be sensitive in specific ways to specific forms of disturbance, and which is likely to be adversely affected by such disturbance
	Sensitive species (whether ecologically important or not) can be useful indicators in pristine environments.  Their use is often limited to the early detection of disturbance, where a marked reduction in abundance or distribution may be observed.  They may be of less value in disturbed or partially disturbed conditions, since it is rarely the case that their response is directly proportional to the degree of disturbance
	In the marine environment, amphipods are an example of this type of organism.  Field studies in offshore and coastal areas in Azerbaijan have indicated that amphipod abundance and diversity is drastically reduced in coastal sediments which have been subject to historical industrial contamination.  Laboratory studies have shown that amphipods are particularly sensitive to hydrocarbons.  In marine areas where amphipod abundance and diversity is still high, this group of invertebrates could therefore be used to indicate the incipient effects of hydrocarbon contamination

	A species which may not be ecologically important or particularly sensitive, but which responds to disturbance in a way which can be empirically shown to correlate with overall ecotope or habitat health
	This is the simplest and most direct definition.  If such a species can be identified, and if sufficiently robust statistical correlations can be demonstrated, then it can offer a very cost-effective means of monitoring.  Rather than investing in exhaustive and comprehensive monitoring, it may be possible (at least part of the time) to simply measure the status of a single species
	No example is offered.  While this is the most direct definition, it is also the most difficult to implement.  Ecosystems are not stable and unchanging structures.  While they may retain broad uniformity over long periods if not disturbed, there is usually significant natural variation from year to year in the success of the individual species which make up the system.  A very large amount of data, gathered over many years, would normally be required to define this type of indicator with any confidence

	A species which is known to be opportunistic and tolerant of particular types of disturbance
	An increase in the abundance or dominance of such species can directly indicate the impact of disturbances such as eutrophication or pollution
	In coastal waters, an increase in the dominance of green macroalgae at the expense of red algae and seagrass can often be an indication of eutrophication or increased turbidity.  Green algae use sunlight more efficiently than seagrass, for instance, and are able to use nutrient directly from the water column (rather than from sediment via roots).  High nutrient levels and increased turbidity associated with discharges from towns and cities are therefore often accompanied by an overall reduction in macrofloral diversity and significant increases in the abundance of a small number of species of green algae

	A species which is diagnostic of a particular community or habitat
	This may be either a quantitative or a qualitative identification.  This type of indicator is used primarily as an aid to classifying habitats, and in particular in distinguishing between habitats which are similar.
	Most often used in numerical classification, where individual sample stations or entire survey areas are classified according to their biological composition using multivariate statistical methods.  The selection of such indicator species is entirely empirical – they are simply those species which, at a particular level of classification, most reliably discriminate between one group of stations or surveys and another.  Such species may, of course, also be keystone species or species which are used a priori by scientists to define the transition from one ecotope (or sub-ecotope) to another


4.3 Other forms of indicator
Indicator species are only one method of characterising a habitat or the status of a habitat, and may often not be the most useful or effective.  Two other approaches have been widely used:

a) abundance ratios between selected pairs of species
b) biotic indices, which combine information on two or more species (which may respond in different ways to environmental stressors)

Both approaches should be considered, although (as with indicator species) the selection of an approach should depend on objective validation from reliable data sets.

Abundance ratios may be useful if a habitat or ecotope contains two species which are present in quantifiable abundance and which respond in different ways to environmental stressors.  If one species (sensitive) declines in abundance in response to a particular stressor and another species ( tolerant or opportunistic) increases in abundance in response to the same stressor, then the ratio of abundances may provide a more sensitive indicator of impact than the individual abundance data.  This is particularly the case when the ratios are determined in individual samples (rather than being based on abundances which are averaged over a large number of samples).  The use of abundance ratios has historically provoked controversy and argument; it is not an approach which can be assumed to work for any particular habitat, but is one which would need to be statistically validated using a comprehensive data set.
Biotic indices are simply a more sophisticated version of abundance ratios, and seek to use information on a larger number of species whose ecological function and responses are well-understood.  These are usually most effective in describing the effects of habitat alteration, in situations where 

a) such alterations are large, as in cases where sewage discharge impacts a river system (with significant increases in the deposition of organic material)

b) where the biota present in the unimpacted system are highly adapted to the environmental conditions of the system (such as the insect fauna of river systems)

Biotic indices, although they reflect real biological responses, are often based on purely statistical or numerical criteria – for instance, they may be calculated as linear equations using factors derived from multivariate analyses of species data (principal components analysis, multi-dimensional scaling, multiple discriminant analysis etc).
It is not possible to state a priori whether either of these approaches will prove to be viable on the basis of future monitoring data.  However, it is recommended that some effort should be devoted to investigating the possibility of developing such indices.  This represents a secondary stage in the process of implementing and using the information system, since it is only possible to develop relevant indices once

· sufficient data have been accumulated to permit meaningful analysis and
· the data have been thoroughly evaluated to clearly and confidently identify the main trends and pressures on the Caspian ecosystem

In other words, the indices should be tailored to reflect real features of the system, rather than being used to determine what these features are.

4.4 Use of indicators

Indicator species may be used either quantitatively or qualitatively – that is, interpretation can be based on numerical abundance, biomass or distribution, or it can be based simply on presence and absence.  Biological indices are more usually quantitative,  even if they are based on joint presence or absence of several species.

Indicator values are frequently compared and interpreted without any reference to uncertainty – that is, the values are treated as absolute values, rather than as estimates with a known precision and accuracy.  The environmental data from which indicator values are derived generally are of low precision. The statistical uncertainties associated with each parameter used in calculating an index combine, and the resulting index is therefore always less precise than the data on which it is based.  Before using any indicator value, it is therefore important to make an attempt to quantify the precision of the value.  If this is not done, then there is a real risk that comparisons of values will be invalid and may lead to the wrong conclusions.  
The valid use of an indicator requires 

a) that the user has a valid estimate of the smallest difference which can be detected with confidence

b) that the user has some idea as to the smallest difference which has identifiable ecological and biological significance

The use of standard diversity indices poses a particular risk, at least until sufficient data have been accumulated and analysed to establish a reliable basis for interpretation.  Standard diversity indices tend to give rather low values when applied to Caspian marine data, and as a result there may be a tendency for users to attach too much significance to decimal places.  For instance, if the Shannon-Weaver index at one location is 2.54 and at another is 2.75,  we should be careful not to conclude that diversity is truly higher at the second location.  To draw conclusions, we need three pieces of additional information at least

a) the natural variability in the value of diversity index at the first site

b) the natural variability in the value of diversity index at the second site

c) the overall pattern of within-site variability of the index for all similar habitats
Indicators can be extremely useful, but their purpose must be clearly defined.  Indicators, when properly validated, are a valuable tool for summarising and describing complex trends and changes.  They are not, however, a substitute for a thorough assessment and understanding of the data on which they are based, and should never be used in isolation.
5 Approaches to classification
One of the main disadvantages of indicator values is that they are rather cryptic – a calculation is performed on each set of sample data, and all further interpretation is based on the results of these calculations.  This places a severe constraint on the value of comparison and interpretation, since any apparent trends or differences are limited by the assumptions on which the index calculation was based.  In particular, univariate indices are therefore unable to reflect actual similarities and differences in the species present at different locations.  A diversity index can be the same at two locations, or between two times at the same location, even if there are no species in common at all between the locations or times.

Multivariate methods such as ordination and classification overcome some of these limitations, by ensuring that comparisons take into account the actual species present and absent at each sampling station or location.  These methods can thus be used to investigate spatial and temporal patterns in community composition.

Ordination methods generally seek to arrange stations or samples in 2- or 3-dimensional space, in such a way that the position of a station in the ordination space reflects its similarity to, or difference from, other stations.  The ordination space is usually represented by a series of diagrams, each of which in turn represents two of the dimensions generated by the analysis (eg, if the result is a three-dimensional space with three corresponding axes, the diagrams may represent the axis pairs 1-2, 1-3, 2-3).  The ordination axis ‘scores’ can often be correlated with corresponding environmental data, so that the main environmental gradients associated with each axis can be identified.

Ordination may identify ‘clusters’ of similar stations, or it may show a continuum of stations along a gradient.  If clustering is evident, then it may also be useful to use statistical tools designed specifically to reflect this.  Cluster analysis seeks to develop a hierarchical dendrogram or tree diagram, which links stations or samples together on the basis of their similarity.  The cluster analysis may be ‘bottom up’, where initially the most similar stations are grouped, and then the most similar groups are linked, or it may be ‘top down’, in which an array of stations is progressively subdivided into smaller and smaller groups.
Both ordination and clustering are generally based on one of several methods for calculating similarity between stations or samples.  One approach is to calculate a similarity index between all possible pairs of stations. A variety of similarity indices are available, but these need to be considered carefully before use as each index reflects different sample properties (for instance, some indices may emphasise the joint presence of species, whilst others may also take into account the joint absence of species).  This approach can become computationally demanding, since the number of possible pairs increases geometrically as the number of samples increases

A second approach is to repeatedly ‘shuffle’ the species-by-sample matrix until similar species and stations are grouped together as consistently as possible. Reciprocal averaging is the most commonly used method; this approach has the advantage that the original data are not ‘lost’ in the computational process, and that the success (or failure) of the analysis is therefore easier to determine.  The approach is also less computationally intensive than that based on the use of similarity indices.  Some implementations of the approach (eg, Two-Way Indicator Species Analysis, TWINSPAN) have the additional advantage that they highlight the species most clearly diagnostic of each station grouping, and provide a hierarchical key which can be used to assign future samples to pre-identified station groupings.
The advantage of ordination and classification methods is that they reflect actual patterns and relationships in data, and are therefore less subjective than the deliberate selection of indicator species or groups of species.  This helps to ensure that the choice of indicators is restricted to those which can validly and reliably be tracked using actual monitoring data.  It is essential to select only indicators which can be shown to reflect real and meaningful changes in the results generated by future monitoring programmes, and this can only be done by carefully analysing and interpreting these results.
Ordination and classification methods can be simultaneously applied to both biological and environmental data, and this can be a powerful approach to understanding the impact of environmental factors on biological community health and diversity.  It can be particularly valuable when attempting to distinguish between natural trends and anthropogenic stresses.  This approach has been applied in the UK and EU to detecting the presence of ecological change, by developing a classification of ecotypes in relation to habitat structure.  Initially, a comprehensive range of ‘clean’ or natural sites is surveyed, and classified (using multivariate methods such as TWINSPAN) according to biological community composition.  A second multivariate analysis (usually multiple discriminant analysis) is then used to determine a combination of environmental characteristics which can be used successfully to assign sites to their correct biological class.  This process, in effect, defines a statistical relationship between natural environmental characteristics and natural community composition.  The strength of the approach lies in the fact that it is objectively and statistically based on a comprehensive data set, rather than on a set of judgements or assumptions.  Subsequent monitoring is aimed at detecting any deviations from the original data and from the statistical predictions.  This process enables
a) the effect of habitat changes on community structure to be clearly defined and understood (eg, if there are observable habitat changes but no corresponding community changes, this provides valuable information on the resilience and adaptability of the community

b) community changes which deviate from habitat expectations to be detected (for instance, community change may occur in the event of chemical contamination, even if there is no observed change in the physical structure of the habitat)
6 Proposed Strategy

6.1 Priority habitats

Consistent with the modular approach defined in the proposed regional monitoring programme, attention will be focused initially on the marine environment, which represents a common heritage and which consists of a series of connected habitats which are in principle subject to common threats and stresses.

The Caspian Coastal Sites Inventory Project has begun to identify priority coastal habitats, including unique embayments and river deltas and estuaries.  Many of these more localised habitats will be subject to localised influences, and will require management at the national level.  The proposed initial regional monitoring programme will complement this, by focusing principally on representative seabed habitats which reflect the natural community composition and diversity of the Caspian.  These habitats are not necessarily rare or unusually sensitive, but are considered a biodiversity priority because the availability of integrated regional information for these habitats is essential for a reliable understanding of general trends in the ecological processes on which biodiversity depends.

6.2 Ecological indicators
The preceding sections have emphasised the importance of basing the selection of indicators on the evidence available from recent, current, and future monitoring.  Nevertheless, it is recognised that monitoring agencies in the littoral states may have established preferences with respect to ecological indicators, and these must be taken into account when analysing monitoring data.  It is not, in any sense, absolutely necessary to use indicator species or species groups. These are simply a ‘shorthand’ method of summarising the status of the environment in relation to particular stresses or processes, and should never be used as a substitute for detailed analysis of the underlying data.  It is important to be aware that the basis on which an indicator is selected may not remain valid for all time, and that the value (and meaning) of an indicator can change over time.  Regular and detailed data assessment is necessary to ensure that conclusions based on indicator values are reliable.

The following steps are recommended:

1. Each country will prepare a list of indicator species and ecological indices which they currently use, or which they consider to be valid and useful.  This list should include the practical and/or theoretical basis for selecting (or calculating) the indicator, and the ecological processes which it is believed the indicator represents

2. The countries will cooperate to mobilise and initiate a regional marine environmental monitoring programme, using common methods and an agreed range of marine habitats

3. After an initial period of successful monitoring (minimum of 3 years, in order to generate sufficient information) the data will 

a. be subjected to multivariate analysis as described in the preceding sections of this report, and 
b. be subjected to assessment and calculation based on the lists developed in step 1 above

4. The results of a. and b. above will be assessed at a regional workshop, and a decision will be made on the adoption of appropriate ecological indicators.  If necessary, the decision will be postponed until further data have been collected

5. Once sufficient data are available to justify a decision, a set of indicators will be recommended and adopted as the basis for summarising regional trends in ecological status and biodiversity

6. The countries will also establish a process of regular, detailed data analysis, to ensure that trend analysis does not rely only on the use of the selected indicators.  This will ensure that there is a sound scientific validation for the indicators, and that any factors which might invalidate the indicators (or for which the indicators are not sensitive) are clearly identified and accounted for

Annex 1: Listing of Priority Habitats
This listing of priority habitats is summarised from the REGIONAL ACTION PLAN FOR PROTECTION OF CASPIAN HABITATS (CEP Project RER/98/G32/A/1G/31). This report presented a comprehensive list of Caspian habitat types; the present CCSI project is in the process of updating this list, and identifying priority sites for biodiversity monitoring.

The Regional Action Plan report identifies three major categories of habitat and describes them as follows:

Marine 

Marine habitats of the Caspian Sea are not distinguished by a high level of biodiversity. 
Salinity and depth are the major natural factors of differentiation of offshore habitats and their diversity. Freshwater organisms inhabit the river deltas and coastal waters whilst Caspian endemic species and some introduced species of marine origins live in the remoter areas where the saline conditions are stable. The are also hyperhaline species present in the salt lakes located around the Caspian, such as Kara Bol-Gaz bay. Oxygen conditions in certain locations also provide potential for existence of both oxyphile species and species resistant to oxygen deficiency and temperature stratification provides environmental niche for species of various geneses including arctic invaders.
Species have during the course of evolution because of the harsh conditions have become highly adaptive allowing them to survive a broad range of natural variables and creating considerable genetic diversity 

Coastal zone and wetlands 
In the coastal zones there is a considerable diversity of coastal habitats providing favorable conditions for existence of many plants and animals, the most valuable of which are included in the national reserves and parks. 

The wetland habitats of the Caspian Sea (deltas, fore deltas, floodplains, bays, lagoons, ) are distinguished by a high biodiversity, supporting large populations of birds and with rich vertebrate and invertebrate faunas, as well as a large diversity of hydro- and hygrophytes. They serve as vast spawning and feeding grounds for fish and are important stop-over on the route of bird migrations from Arctic to Africa.
The following particularly valuable habitats are identified:

Marine Habitats

Russian sector

1. The open waters in lower stretches of the Volga fore delta, with the depths of more than 2.5m are the most productive fish feeding grounds of the Caspian. The area is distinguished with rich flora of submerged-aquatic macrophytes forming underwater meadows with coverage ranging from 20 to 60%. Some twenty fish species feed and mature in these areas before and running downstream to the sea. This is a transit zone, which provides a passage to spawning grounds on the Volga for sturgeons, herrings, and whitefish. In calm weather, a great number of waterfowl also forage in these waters.  
Kazakhstan sector

2. Open stretches of the Ural fore delta with depths for more than 2.5-3m is characterized by occurrence of all diadromous, semidiadromous and freshwater fish species. This area is of particular importance as a transit zone for sturgeon, roach, etc., providing for successful spawning in the Ural. The area is distinguished with a high concentration of pelagic bird species, particularly, during migrations.

3. The Volga-Ural interfluvial (2,5-4 м) is an area with a high concentration of sturgeons during periods of spawning and feeding of young, again serving as a feeding ground for diadromous and semidiadromous fish species and waterfowl.

4. The Ural furrow is distinguished with a high level of biodiveristy of macroalgae, phytoplankton and benthos, and is a wintering ground for sturgeons. It is also the location for the highest concentrations of roach during summer foraging and autumnal migration. This area is unique since during ancient-long regressions of the sea, the North Caspian has dried out several times and the Ural furrow become a lake, which has created a gene pool of autochthonous species, including many endemic species such as the brown algae Monostroma latissita, the red algae Acrocatium davisii..

5. The region of Kulaly Island (depths of 6-9m) is distinguished by a high concentration of sturgeons in springtime and during wintering.

6. Eastern part (from the Mangyshlak peninsula to the cape Kenderly) – spawning (15-20 m) and feeding grounds (20-50 m) for immature anchovy and big-eyed sprats.

7. Depths of 50-75 m – the places of the highest concentration of pelagic fish, feeding and wintering grounds of sturgeons (during 5-7 months).

8. Open pelagium at the coast of the Mangyshlak peninsula as a habitat of a number of endemic species of benthos and ichthyofauna. Largely, these are settled forms, which don’t have considerable magnitude and biomass.

Azerbaijan sector

1. The entire western coast of the Middle Caspian with the range of depths 10-50 m is a breeding ground for shad and sprat, and a wintering and feeding ground for sturgeon young.

2. Yalama-Devechi stretch (depths 10-50 m), as above.

Turkmenistan sector

1. South-eastern stretch from island Ogurchin to the border with Iran as a mass wintering ground of all fish species and a place of their considerable concentration throughout a year.

2. The whole Turkmenistan sector of the Middle Caspian is distinguished with a rich food base, a low level of pollution and insignificant impacts of anthropogenic factors, hence it is very favorable for fattening of sturgeons.
Iran sector

No information available
Coastal Habitats

1. Tertiary broad-leaved forests of Girkan type (Iran and Azerbaijan) as reservations of endemic dendroflora.

2. Riparian forests of river valleys and deltas 

3. Desert ecosystems of ancient marine terraces of the Kenderly-Kayasan plateau and Mangyshlak as habitats of endemic species of flora ad fauna.

4. Undisturbed zonal and intrazonal habitats of subzonal types of deserts and subtropics in all countries as benchmarks of landscape and biological diversity.

Wetlands Habitats
Few of the wetland habitats are formally registered as global conservation areas at present, but significant wetland areas are present throughout the Caspian region, and all of these make a valuable contribution to national biodiversity.  Most of these wetlands provide an important temporary habitat for migratory fish and birds, and thus also have high importance with respect to regional biodiversity:

Russian Sector

The deltas of the rivers Volga, Terek, Sulak and Samur, floodplain reed belts, marshy meadows of the Kyzlar gulf, and the Bakas bog in the central part of the Sulak lowland refer to the most important wetlands of the Russian sector.
1. Volga delta. 
· An area of wide flatland of about 19000km2 dissected by riverbeds. 

· Monadnocks (Baer knoll), with zonal brown soils and desert plants, are widespread in the upper stretches of the delta and riparian areas. The main tributaries of the delta from the east to the west are Kigach (Kazakhstan), Buzan, Bolda, Kamyzyak, Old Volga and Bakhtemir. The floodplain forests consist of willow (Salix alba, S.triandra) and poplar (Populus nigra) and form on the channel banks. Herbage and grass meadows form at interchannel areas in combination with oak forests (Quercus robus) mixed with elm (Ulmus laevis) and breaks of guelder rose (Viburnum opulus) and bramble (Rubus caesus). Closer to the sea, the hydrographic network branches to hundreds of waterways. Some of the branches have been artificially deepened for navigation. A lot of streams (yerik) emerge during floods, which then dry out during low levels. There are numerous lakes (ilmen) with thickets of hydrophyte plants (Phragmites australis, Typha angustifolia, Butomus umbelatus, Sparganium stoloniferum, Trapa natans, etc.) gradually regressing into floodplains covered with reed in lower stretches of the delta. Thickets of rare lotus species such as nut bearing or Caspian lotus (Nelumbo nucifera) give exotic view to delta landscape. More than 400 species of flora occur on the surface of the delta.

· The estuary (fore delta) forms an extensive shoal bordered in the south with the significant depth increase (at the level of Tuleniy island). Coasts of the estuary are low lying and slightly gentling. The fore delta stretches seaward to the distance of more than 110km and is divided into three zones. The first zone with depths of up to 3m characterized by underwater relief and dense thickets of aerial-aquatic vegetation – underwater meadows of pondgrass (Potamageton pectinatus, P.perfoliatum), valissneria (Valissneria spitalis), and elodea (Elodea canadensis). The rise of sea levels and an increase of erosion contributed to intensified sedimentation in branches of the delta, causing inundation and waterlogging of land habitats. As a result, key areas of forests and scrubland, which are homes to many species of mammals and nesting bird species, have been reduced. Also the rise of sea levels has resulted in sharp dwindling of habitats of lotus and bur-reed – the most valuable food plants for birds. 

· The Astrakhan Biosphere Reserve (650000 ha) is located in the estuary of the Volga. It was established in 1919. It was included into the list of areas of international importance in 1971 as a habitat of waterfowls and migratory birds in compliance with the Ramsar Convention on Wetlands (Decree of the CM of the USSR of 26.12.75). The status of Biosphere reserve was assigned to portion of its area (62.5 thousand ha) in 1984 and 31 thousand ha and is especially protected.

· In addition to the reserve, there are 11 botanic monuments established in the 70-80s.
2. The Terek delta. 
The Terek is one of the largest rivers in the north of the Caucasus Mountains. The Terek delta is a vast plain, sloping northeastward with two major branches. The area of the delta is 8,000 km2, and that of the fore delta is 4,000 km2. The hydrographic network of the delta often changes due to siltation and human activities. There are a lot of liman (lagoons) in the delta, particularly, in its central part and allot of bogged lowlands (plavni) with small elevations in the form of ridges along watercourses. Sand dunes occur in the lower stretch of the delta.

The fore delta is shallow (up to 5-7m) with no clear drop of depths. It encompasses the Kizlyar and Agrakhan gulfs and the coastal region of southwestern part of the North Caspian. The deepest areas lies between islands Tuleniy and Chechen at 8 to 11m.
The main agricultural lands of Dagestan are located in the Terek delta (812000 ha). The damming of the river resulted in a drop of its flow by 22%. Meadows and wetlands have been supplanted by desert biotopes with predomination of wormwood (Artemisia taurica, A.turcomanica) on the largest part of the delta. 

Lowland alder forests (Alnus barbata) have formed in lower stretches of the delta under conditions of excessive humidity. Upland well moistened areas are occupied by floodplain thickets of trees and scrubs (Salix triandra, S.alba, S.caspiaca, Populus hybrida, P.alba, Elaeagnus caspica, Tamarix ramosissima, T.hohenackeri) in combination with floodplain meadows (Calamagrostis epigeios, Alopecurus arundinaceus, Elytrigia elongata, Poa palustris, species of Carex and Juncus). All forests have been considerably degraded. 

Irrigated agriculture and to lesser extent animal husbandry are developed in the delta. The main farming sectors are viticulture, horticulture, arable and forage. Sheep prevails in animal husbandry. Silk farming is well developed with considerable areas of mulberry tree plantations.

The current grasslands are maintained by artificial watering. Irrigated agriculture in the Terek delta has been practiced for 300 years. Water abstraction for irrigation and replacement of natural watercourses by canals has led to destruction of the large parts of wetlands, productive grasslands and fertile soils. Many habitats have been lost since the diversion of the main river channel which enters the sea avoiding the delta. The sea level rise resulted in a reduction of areas of floodplain covered with reed and an increase of secondary salinization of the coast. Such transformation of habitats has led to a fall of numbers of migrating birds and other species of animals.
3. The Sulak delta (including marshes of Bakas)

The Sulak delta is connected in the south with the Terek delta at the Terek-Sulak lowland of Dagestan. It is a mostly a wetland area covered with reed with two notable bogged areas – central and eastern. The central area is covered with the Bakas marshes, which is recharged by spring water flowing from the west and the eastern area is located in lowlands of the river Sulak, from Adjidada to the Caspian.

The wetlands, limans and oxbow lakes of the Terek and the Sulak deltas are habitats of such red-listed plants as Cladium mariscus, Orchis palustris, Nymphaea alba, Trapa hyrcana, etc. and boast 29 species of higher plants.

The interfluvial region of the Terek and the Sulak is a floodplain, covered with thickets of hydrophytes, predominantly reed (Phragmites australis) and cat’s tail (Typha angustifolia). The transition zone shoals of the Agrakhan gulf are also covered with reed. This area is distinguished with a high species diversity and changing habitats resulting from constantly altering hydrological and salt regimes. Forests have preserved only in the form of patches because of intense logging and tillage. The forests mainly consist of red oaks (Quercus robur). Habitats with excessive moistening are covered with alder (Alnus barbarat). 

4. The Samur delta 

The Samur delta is distinguished by a floodplain forest predominated by willow, oleaster, poplar and shrubs and broad-leaved trees such as red oak (Quercus robur) and hornbeam (Carpinus betulus). These two form both pure forest and mixed forest with elm (Ulmus saliacea, U.suberosa), maple (Acer campestra) and ash (Fraxinus excelsior). Although that all woodlands are heavily degraded, they are still serve as asylum for many species of rare plants (Hedera pastuchovii, Ereanthus ravenae, Nectaroscordum tripedale, Crocus adamii, C.Spiciosis, Orchis palustris, Pteracarya pterocapra, Pyracantra coccinea, Primula woronowi, Atropa belladonna ) and also nesting and migrating birds. 
Reed beds develop in lower reaches of the delta, in the transition zone sea-land and at shoals with the depth of up to 3m, with well-developed layers of aerial-aquatic and underwater plants.        
Kazakhstan Sector
1. The Ural delta (600 km2). 
Climate is sharply continental. Summer temperature is higher than +40 centigrade, and winter temperature is – 40centigrade. Yearly rainfall doesn’t exceed 150mm. Flood and freshets occur from April to June (78.5% of the yearly runoff).

The flora of the area includes 100 species of higher plants, of them 4 species are listed in the Red Book of Kazakhstan. Vegetation mainly consists of thickets of reed (Phramites australis) and cat’s tail (Typha angustifolia, T.Latifolia), which have developed on marshy soils in lower reaches of the delta with a well-developed layer of submerged-aquatic plants (Potamageton petinatus, P.perfoliatus, Ceratophyllum sulmersum).

Annual saltwort-halophyte shrub communities (Tamarix hispida, Kalidium foliatum, K.caspicum, Nitraria sibrica) form in middle reaches of the delta on meadow saline soils and meadow salinas. 

Thickets of willow (Salix caspica) and shrubs (Tamarix ramosissima, T.hispida) with a grass layer consisting of gramineous plants (Aeluropus littoralis, Leymus multicaulis) and herbage (Glycyrrhiza uralensis, Vexibia alopecuroides) grow on riparian beach barriers with alluvial meadow-bottomland soils. The highest riparian stretches with alluvial deserted and takyr soils are covered with sparse communities of xerophyte bushes (Ceratoides papposa) and annual saltwort (Petrosimonia triandra) with singularly occurring oleasters (Elaeagnus oxycarpa). The delta is not suitable for farming due to strong salinization of soils and high salt content of ground waters.

The phytoplankton consists of 47 species of algae. Diatoms and green algae are dominating (Aminova, 1998). Some 267 forms of microalgae, of which 123 were diatoms, were found there in the 50s. In general, freshwater species are predominating. Halophilic species prevail in shallow waters. The predominating set of phytoplankton species refers to mezosaprobic indicators indicating to moderated pollution of water. 

More than 100 species of animals have been registered in zooplankton communities. The major set of species has not changed during the past century. 

The Ural delta is alive with birds. Some 300 migratory species and about 80 species nest are found there. The nesting grounds of gallinule and white-tailed plover have been restored with the rise of sea levels and extension of areas of reed beds and the wetlands have become more important for all waterfowl. 

Three species of amphibians inhabit the delta: common toad, lake frog and the spadefood toad. Of reptiles, European pond terrapin and grass snake inhabit in the lakes of the delta, and sand lizards and eremias occur on desert stretches of the shore.
2. The Volga-Ural interfluvial zone. 
This area has formed due to sedimentation of alluvium deposited by the Volga and the Ural, comprising a wide belt of reed beds combined with enclosed lagoons, shoals, sandy spits and open stretches of shallow waters. These habitats are less sustainable compared to the habitats of the Ural delta.  

The vegetation is rich and diverse, however, only reed beds are of landscape significance. There are thickets of nut-bearing lotus, which also occur at the territory of Kazakhstan, in the eastern branches of the Volga delta and are the peculiarity of this area. Wetlands alternate with meadows-scrubland, floodplain-forest, salina and psammophyte vegetation. The area is heavily influenced by flows from the Volga and the Ural and the salinity reaches 1% in western part and 5% in eastern part. The flora of the area includes 150 species of higher plants, of these, 5 are red-listed. The proximity of the Volga delta contributes to the local biodiversity.

Phytoplankton includes 47 species and forms, with predominatly freshwater and brackish water algae. A drop of algae abundance has been observed in the past decade. The highest diversity and number of plankton algae is found in western stretch, which is influenced by the Volga runoff.  The zooplankton of the region includes 26 taxons of organisms. A freshwater complex – 56% prevail in the interfluvial while other groups are scarce: euryhaline – 19%, brackish water – 17% and marine – 8%. 
The wetlands of the Volga-Ural interfluve are of great importance for waterfowl and wading birds and the western part of the interfluvial adjoining to the Volga delta is of special significance. Settlements of wading birds occur in willow forests and scrubland, including spoonbill, glossy ibis, night heron and four species of egrets – little heron, squacco heron, gray heron, cattle egret. The coast of the North Caspian is the northern border of habitats of night heron. The osprey (Pandion haliaetus), little bittern (Ixobrychus minuatus), greater spotted woodpecker (Dendrocopas major), golden oriole (Oriolus oriolus), great tit (Parus major), and a number of other birds nest in the region. Many dendrophilic species occur there during seasonal migrations, including the chaffinch (Fringilla coelebs), brambling (F.monifringilla), robin (Erithacus rubecula), woodcock (Scolopax rustico;a), etc.

More than 30 species of birds nest the reedbeds, for instance the coot (Fulica atra), big (Podeceps cristatus) and red necked grebe (P.griseigena), mallard (Anas platyrhynchos) and gadwall (A.strepeca) and mixed colonies of common tern (Sterna henundo), black-winged stilt (Himantopus himantopus), oyster catcher (Haematopus ostralegus) and other species nest on the sandy and pebbly shores and spits. This area is of particularly high importance for birds during post-nesting and autumnal migrations. Thousands of mute swans (Cygnus olor) accumulated on shoals and whooper (C.cygnus) and bewick (C.bewiscii) swans are common. Flamingos (Phoenicopterus rogens), and flocks of diving ducks and shellduck also occur there. Several millions of little stints stop off there to molt and fatten before further migration. In autumn, greylag goose (Anser anser), white-fronted goose (A.abitrons), bean goose (A.fabalis), and lesser white-fronted goose (A.erytropus) migrate through the area in great numbers. 
Amphibians are represented only by one species – the lake frog (Rana ridibunda). Of reptiles, European pond terrapin (Emus orbicularis), 5 species of lizards and one species of snake – large whip snake (Colaber jugularis) are common. 
Azerbaijan Sector

The Azerbaijan part of the Caspian region is marked with rich diversity of wetlands. In the 1950s the area of wetlands was 80 thousand ha now reduced to 22 thousand ha. 

The following are the most important wetlands:

1. Samur-Devechi coast
Including shoals, with the total length of the coastal strip is 174 km, and is 3-4 km wide, and incorprates  Agzybir lake (6 thousand ha). These wetlands are stopovers and feeding grounds for migratory geese, teals, sandpipers, herons and glossy ibises. Gallinule, coot, moor hens, white-eye and other birds are found here throughout a year.
2. Absheron-Gobustan coastal stretch 
Includes shoals (5-10 km wide), lakes and water reservoirs (Boyuk Shor, Krasnoye, Amiradjan, Gaply Gel, Gala, Hodja, Gasan, Mirzalady, etc.), most of which are polluted by oil and waste.

3. The Kura delta and southeastern stretch of the Kura lowland, and adjoining shallow water of the sea. 
The Kura is the second biggest river draining into the Caspian after the Volga. The area of the delta is 100km2, and the estuary 750km2. The climate is representative of dry subtropics with long hot summers and moderate-warm winters. The total yearly rainfall ranges from 130 to 252mm depending on locality. The Kura delta is located east of the Kura-Araks lowland. The delta has a poorly developed hydrographc network (2 branches and navigation waterways) and absence of lakes. The fore delta is a narrow coastal belt with depths of 10-12m, with a well-marked drop off to 100m depth. A shallow gulf (up to 10m), Zuyd-Ostoviy Kultuk, is located south of the delta. The relief of estuary has numerous banks and ridges. 
The flow of the Kura is regulated. The hydrological regime is determined by the volume and time of water releases from upstream reservoirs.   

The reserves “Gyzyl Agaj”, “Shirvan” and “Bandovan” are situated in the Kura delta. These wetlands are important locations for migrating and over-wintering waterfowl. There are also nesting birds, particularly, sandpipers, seagulls, cormorants, herons, ibises, ducks, and meadow chickens. A few geese, swans, saw-billed ducks, pelicans, and flamingo - in shallow areas of the sea – can also be found here. The arable ands located in southeastern part of the delta on the border with the Lenkeran lowland are feeding grounds for various geese species including the red-breasted goose.

4. Lenkeran coast 
Including shoals, the coast line is 60 km long and 4-5 km wide. The waters of the Minor Gyzyl Agadj gulf (8.8 thousands ha) are resting and over-wintering grounds for 27 bird species (mallard, red-crested and red-headed pochard, tufted duck, greater scoup and scoup, little and great sanderling, great crested and little grebe and pygmy cormorant). 
Turkmenistan sector

Wetlands of Turkmenistan are represented by a complicated system of interconnected large gulfs for the Caspian Sea. The following main wetlands are distinguished: 

1. Central (wetlands of Markov) 
The wetlands of Markov are a complex system of interconnected gulfs of the Caspian Sea with the total area of 220 thousand ha. Of these, the Turkmenbashi (former Krasnovodsk) gulf takes 66%, Balkhash – 17%, North Cheleken – 12%, and Mikhaylovskiy – 5%. During the modern water level fluctuations, the areas of these gulfs have increased by a factor of 1.5.

The ancient delta of the Amudarya brought a great deal of fertile silt and nutrients, was connected to this system of gulfs up to the end of the Tertiary period. This is why the local plant and animal world is richer in comparison with other gulfs of Turkmenistan coast. Four major species of macrophytes and stonewort enrich these feeding grounds. Favorable climatic, hydrological, and food conditions and protection provide rich feeding grounds for large numbers of birds (129 species from 13 orders). The total number of migrating birds has fallen by a factor of 2 during the past 30 years (general phenomenon for Paleoarctic) and ranges from 5 to 8 m birds, of them more than 350 thousand over-winter here. 
Mass feeding of young herrings and mullets occur in all these gulfs. Small non-commercial fish supplement the food base of sturgeons and seals. 26 species of vertebrates listed in the Red Book of Turkmenistan live in the protected areas of the wetlands (Khazar state reserve – 8 thousand ha), including 2 species of mammals, 21 species of birds, 1 species of reptiles, and 2 species of fish. Of the 61 species of occurring flowering plants, 4 are red listed. 

Considering the unique qualities of the system of gulfs, they were included in the special list to the Ramsar Convention as wetlands of international importance, typical of the bio-geographic region.
2. Northern and southern stretches of wetlands 
The northern and southern wetlands include gulfs, kultuks (deeply jagged shallow bays), lagoons, lakes, shallow waters of the sea and the Atrek delta; a total area of 37 thousand ha. Watering of the delta is seasonal and unregulated and desertification and salinization are widespread in the region and therefore the present vegetation consists mainly of halophytic plants. Riparian forests and shrubs (Salix excelsa, Populus diversifolium), which used to grow here, have been virtually destroyed during the past 50-60 years and scrubland (Tamarix hohenackerii, T.hispida, T.meyere) has been felled during the past decades for fuel. The substitution of meadow-marshy and floodplain ecosystems by desert ecosystems is the reason for a shift of the wintering grounds of white-fronted and lesser white-fronted geese from the south Caspian to the Black Sea.
These wetlands attract 30% of the total population of migrating and wintering birds of Turkmenistan. Hunting and poaching of waterfowl and wading birds, mainly coot, diving and river ducks amounted to 54-60% during the past decade. There is an urgent need to potect the brood stocks of these birds to ensure a sustainable resource.
The northern and southern stretches also serve as wintering grounds for almost all fish species, particularly in lower reaches of the Atrek, at the border with Iran. 

Iranian sector 

No information available
