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Introduction
In 1999, within the framework of the Caspian Ecological Program (СЕР) exercised by TACIS, Caspian Regional Thematic Center on management of fish resources and other commercial bioresources (CRTC BM) prepared 5 reports dedicated to modern ecological state of the Caspian sea ecosystem and its bioresources. In these reports the long-term fluctuations of the basic components of sea ecosystem under the influence of natural climatic factors and human activities in the catchment part of the sea basin and in the aquatory of the sea are reviewed. The possible scripts or trends of further variations the ecosystem processes and the state of bioresources are presented.

On this basis the package of proposals (actions) aimed at conservation and restoration of reserves of the most valuable commercial species of bioresources, their rational and sustainable use by the Caspian states in a long-term outlook is formed.

The purpose of this document is to review and analyze on the basis of integration of materials, submitted in the 5 reports of CRTC BM, the following problems:

State of the environment with reference to bioresources;

State of fish stock on separate specific groups: sturgeon fishes, semi-migratory and fluvial fishes (Caspian roach, bream, pike-perch, wild carp etc.), marine fishes (sprat, marine herring, grey mullet), migratory fishes (the Volga herring -Black spine shad, white salmon (inconnu));

Detection of the factors unfavorably effecting the forming of bioresources under existing conditions and those factors, which can negatively affect the stocks of commercial fishes and commercial bioresources in the future if no prevention measures will be undertaken. The analysis of these factors gives an evaluation of their impact on bioresources at national, regional and global levels;

Legal framework influencing bioresources management;

· Recommendations for actions, directed at recovery of bioresources, including those undertaken within the framework of investment projects with indication of priority of their implementation.

1. Brief physical and geographic characteristic of the Caspian sea and its ecosystem.

The Caspian Sea - lake is the largest inland brackish water basin in a world which does not have water exchange with the World ocean. It occupies a deep depression situated on the boundary of Europe and Asia and contains over 78 thousand square kilometers of water which makes up about 44 % of the total amount of lake waters on Earth (quoted on: "The Caspian sea", "Hydrology and hydrochemistry". "World water balance and water resources of Earth", 1974). By its size and the amount of water the Caspian Sea is commensurable or exceeds such seas, as the Azov, the Baltic, the White, the Adriatic and the Yellow Sea.

Due to the isolation of the Caspian sea from World ocean at the end of Pliocene its ecosystem has maintained the autochthonal fauna incorporating remains of fauna of the tertiary seas of Sarmatian and Pontian periods (Zenkevich, 1963).
The natural-climatic conditions in the sea basin are very contrasting, representing the unique phenomenon, characteristic just for this basin.

It should be noted, that the Caspian Sea differs from other water bodies first of all by its meridional orientation. The length of the sea from the North to the South reaches 1200 kms, which predetermines the contrast range of its climatic conditions in different parts of the aquatory. So, the Northern part of the sea is located in a area of extreme continental climate with high temperatures in summer period and low in winter. The Southern part of the sea is situated in the area of wet and dry subtropics.

Western coast of the sea is enclosed by the offspurs of the Caucasian mountains, is afforested and has a developed hydrographic network. Eastern coast does not have a fluvial discharge, except for the area in the far Southeast (rivers Terek, Gorgan) and flanks to the area of semi-deserts and deserts.

The spatial distribution of fluvial discharge also is contrasting. Its major share goes into the Northern part of the sea (rivers Volga, Ural, Emba, partly Terek). The majority of biogenic matters is transported to the Northern Caspian sea accordingly. Therefore this area of the sea is the most productive. Besides the Northern part of the sea is the shallowest (the amount of water makes up 0,5 % of the total volume of the sea), - while the Southern part, on the contrary, is the deepest where about 66 % of all water of the Caspian sea is accumulated.

The bottom contour of the Northern part of the sea is the simplest while the Southern is noted for extremely composite configuration of bottom topography. In this part of the sea the underwater muddy volcanism is developed and the earthquakes are often here.

The special composition of the sea fauna is rather poor (Caspian Sea. Fauna and biological productivity, 1985).
L.A. Zeknevich (1963) classified 476 instances of fauna inhabiting the Caspian Sea into the following complexes: autochthonal (66 % of species), Mediterranean (4,4 %), arctic (3 %) and freshwater species by genesis. Thus, as noted by F.D. Morduhaj-Boltovskoj (1960), there are 2,3 times more representatives of relic fauna in the Caspian Sea, than in the fauna of the Azov-Black Sea basin.

The diversity of plankton fauna is, to the greatest degree, characteristic for the Northern part of the Caspian Sea, and the bottom fauna - for the Southern part of the Caspian.
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Note: The materials on phyto-zooplankton are taken from "Scientific basics..." (Section 2.2., A.A.Polyaninov, 1998), on zoobenthos from "The Caspian Sea. Fauna and biological productivity", 1985).
The ichthyofauna of the Caspian sea and of the mouth areas of the rivers, running into it, is represented by 124 species and subspecies referred to 17 families. It is inferior in its diversity to other Southern seas, however it is more productive and contains large number of endemics.

The main part of ichthyofauna of the sea is formed by the marine group of fishes (44 %) followed by the fluvial (river) ones (34 %). The most commercially valuable fishes are: migratory (15 %), including sturgeon, salmon, herring (Black spine shad) and semi-migratory (7 %), - Caspian roach, bream, wild carp, pike-perch and others.

Due to ecological conditions the benthophages and predators dominate in the Northern Caspian Sea, and the planktivorous fishes (planktophages) - in the Middle and Southern Caspian Sea. This is yet another peculiarity of the basin.

For the Caspian Sea as a closed basin the sea level fluctuations, conditioned by infra-annual variations of water balance (continental discharge, vaporization, precipitations), and also its acyclic variations under the influence of wind fields and fields of pressure are characteristic.

However, the biggest affect on the ecosystem processes in the sea render the interdecadal sea level fluctuations reaching several meters in amplitude and having at it unidirectional time extent.

In the 20 century two abrupt decreases of the sea level took place: in the 30s and in the 70s, when it lasted 9 and 6 years in a row correspondingly. Just during such unidirectional long-time periods of lowering of the sea level there happens the misbalance of ecosystem processes and the drop of productive properties of the basin. To the greatest degree it is exhibited in the shallow-water Northern Caspian Sea.

Meridional location of the sea and its insularity institute such pattern of currents, where the aqueous masses from the North penetrate far to the South, reaching coasts of Azerbaijan and Iran. When the high water cycle on the Volga River starts there takes place freshening of the whole sea, as it happened in the 80s and the 90s of this century.

During the rise of the sea level, as noted by N.M. Knipovich (1921), there occurs the intensification of water exchange between separate parts of the sea. Thus, the physical and geographic features predetermine the transboundary exchange of the physicochemical characteristics formed in one part of the basin with the others (mass, thermal and salt exchange, exchange of biogenic matters, toxicants, biological objects). As a result, the rise of the sea level promotes intensification of productive processes in the sea and rising of its biological efficiency.

We should note one more peculiarity of the Caspian Sea, related to formation of freshened water area along the Western and Southern sea coasts under the influence of entering of fluvial wate from the Volga, Terek, Sulak, Kura, Sefid-rud, Gorgan and shallow rivers running into the Caspian sea. Besides, tog the fluvial flow enriches the sea with biogenic matters and detritus, which promote the higher initial production of phytoplankton and bacterioplankton. As a result of it the semi-migratory fishes of the Volga coastal waters penetrate far to the south along the Dagestan coast and the migratory fish species (sturgeon, white salmon (inconnu), Black spine shad) migrate more actively in this part of the sea, rather than in the Eastern.

Those are, in a very brief form, the basic physical and geographic features of the basin, its ecological status and biological resources.

These materials allow to approach the problem of what natural and anthropogenic factors can have defining value at forming of biological productivity of the basin for all parts of this basin.

2. State of the environment with reference to bioresources.

The flow-chart of the ecosystem processes in the Caspian sea under the influence of natural and climatic factors is given in fig. 2.1. As it is apparent from the flow chart, the main natural-climatic factor determining the large-scale variations of biological productivity of the sea is the variation of humidity (moisture) in the basin of the Caspian Sea.

2.1. Sea level

The lowering of sea level is accompanied by dominance of heightened air temperatures in the Northern hemisphere of the Earth and intensification of zonal atmospheric circulation. At that the trajectories of cyclones are shifted to the North. For this reason the reduced amount of precipitation falls out in the basin of the Volga River - the main water artery of the Caspian Sea.

The rise of the sea level coincides with the fall of temperature of the climate, intensification of meridional atmospheric transportation and increased amount of precipitation in the Volga basin.

There is also a direct correlation between development of these epochs and the amount of vaporization from the surface of the sea. During the periods of lowering of the sea level (1930 - 1941; 1970 - 1977) there occurs intensification of vaporization and during the rise of the sea level - the of the amount of vaporization, Table 1.1.
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Long-term variations of water balance components of the Caspian sea
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In the report "The State of a bioresources, trends, reasons of exhaustion, proposals on restoration of resources", in section "Basic ecological characteristics determining the formation of an aqueous bioresources" carried out in CRTC BM in 1999, we ranked the influence of different fluctuation modes of the Caspian sea level on biological efficiency:

· Long-term, conditioned by wide-scale natural-climatic variations;

· Intra-annual, formed by variations within year of debit and credit accounts of water balance;

· The wind effected phenomena conditioned by the influence of wind fields onto the surface of the sea.

The long-term variations of sea level institute a long-time trend of physicochemical fields and biological characteristics. Intra-annual variations determine the seasonal changes of the above-stated characteristics of the sea ecosystem. The wind effected fluctuations of the sea level have a scale of a synoptic period (3-7 day) and can exercise influence, primarily, over dimensional reallocation of plankton organisms and fishes.

The most significant, determining wide-scale variations of biological productivity of the sea, are the long-term or, as it is accepted to name, "secular" sea level fluctuations.

The flow chart of the ecosystem processes is given on fig. 2.1. As seen from the flow-chart, the variation of water balance and, as the consequent, of the sea level is followed by reorganization of ecosystem processes, both abiotic, and biotic.

The rise of the sea level is accompanied by the increase of the continental flow, -therefore the conditions of spawning of migratory and semi-migratory fishes, which reproduce in the river or its supplementary water bodies, and also of herring and common sprat the spawning of which takes place in a particular area of the Volga River, are improving.

The expansion on the area of freshened zones in the sea, especially in the Northern Caspian, promotes augmentation of the area for fattening of fishes of the generative -  freshwater complex (semi-migratory fishes, sturgeon species, etc.) and by that promotes the increase in survival rate of their fries, improvement of feeding conditions and, as a result, increase of stock of these fishes.

One other important physicochemical process should be noted ~ the formation of vertical structure of aqueous masses, horizontal and vertical movements of water which change under the influence of the dynamics of sea level and of the increase/decrease of inflow into the sea of fluvial waters.

At the rise of the sea level the activity of the mid-caspian cyclonic circulation is boosted. The intensification of water rise in the central part of the circulation is accompanied by the subsequent spread of cold deep waters to its rim, thus compacting the gradient area on the shelf of the Middle Caspian. The intensification of cyclonic circulation in the Middle Caspian takes place on the background of total increase of intensity of horizontal movement, related to freshening of the top layer of the sea during the increase of fresh water flow into the Caspian Sea. The desalination (freshening) of the sea promotes the increase of vertical gradient of density in thermocline. At constant wind activity and increased stratification of waters the vertical water exchange is decreasing and the horizontal one is intensified.

As a result of the increase of entering with a fluvial flow БВ and OB, and increase of intensity of horizontal water exchange in the top layer of the sea, the considerable augmentation of photosynthesis in the euphotic layer is observed. Thus, it is possible to state, that with rising of the sea level the initial production processes are boosted and, on the contrary, with its dropping they subside.

The reviewed principles of formation of bioproduction processes as a result of variation of the sea level under the influence of the natural-climatic factors allow assessing the state of biological resources in the presence of a long-range forecast of the sea level changes.

The possibilities of management of the sea level regime are limited.

During abrupt decrease of sea level in the 70s the flow into the Kara-Bogaz-Gol bay was regulated, which allowed to maintain 25-30 cm layer of water.

The credit part of the sea balance - the river flow used for irrigation of lands and for drinking - economic needs on the Volga River, was cut down by the decision of the State commission of experts of Gosplan (State planning committee) of the USSR to the amount of no more than 20 km3 per year. It seems unrealistic that in the coming years the joint actions of the Caspian states on management of the sea level regime will be developed. It is yet more improbable now, because under the existing conditons the sea level stands high enough (about -27 meters of absolute level), and the considerable part of the coast of the Caspian states is drowned or is in the phase of underflooding.

Therefore it is necessary to head for the possible scripts of further development of the sea level regime.

The modern knowledge of world climatic processes does not allow to uniquely approach the prognosis of the of Caspian Sea level for an outlook.

According to different writers (Malinin, 1994; Mamedov, 1995; Pylev, 1995 etc.) further rising or stabilization of the sea level is expected in the coming 30-40 years.

Ivanov (1998) prognosticates, that with high odds it is possible to expect dropping of sea level in 2005-2010 with duration of 10-20 years, as a result of anomalously high solar activity of the 23rd 11-year cycle, which will begin in the year 2000.
Ratkovich, Ivanova (1998) on the basis of the statistical-probabilistic approach prognosticate possible dynamics of the sea level until the year 2030, fig. 2.2.
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Figure 2.2. Caspian Sea level forcast according to Ratkovish, Ivanova (1998) 1 - stationary climate; 2 - contemporary climate

According to this prognosis, at a stannary сIimate, i.e. those climatic conditions, which existed in the sea basin up to the end of the 70s of this century, sea level under the most unfavorable conditions can be declined down to the mark -28.5 meters of absolute level, under average conditions of development of climatic "scenario" -27.5 meters of absolute level. Under maximal favorable climatic conditions the sea level will be located at the marks close to -27.0 meters of absolute level, i.e. at those marks of the sea level which are observed in existing conditions.

In the event that the existing atmospheric moisture cycle over the catchment area of the sea will remain the same, the authors prognosticate, at the different random scripts, further rising of sea level within a probable interval of -24 (upper limit), - 24.5 (mean limit) and - 25.5 meters of absolute level (lower limit).

As it is clear from reviewing of the probabilistic scripts of the sea level regime development neither of them in the coming 10-15 years will lead to crossing of the critical for the Northern Caspian sea ecosystem mark of -29.0 meters of absolute level. The position of the sea level below this mark results in leap of water-salt balance, changes in quality structure of feeding base of fishes and considerable impairment of productivity of this part of the Caspian sea (Katunin, Strubalina, 1986).
The possibilities of the sea level control are limited (movement of part of the rivers flow and other basins, limitation of ingress of water into the Kara-Bogaz-Gol bay, cutting down of a part of an inefficient water area of the Northern Caspian sea), are not ecologically compatible and require major investments and time for their execution. Therefore it is necessary to recognize the improbability of their realization in the proximate decades.

It needs to be pointed out, that the probabilistic forecast of the position of the sea level is rather optimal for conservation of the sea ecosystem and support of rational fish economy.

The existing in nature wide-scale variations of water balance of the sea and accordingly the fluctuation of levels should be viewed as an inevitable reality. The development strategy of fish economy on the Caspian Sea should be plotted in view of this reality.

2.2. Riverflow

The conservation of the Caspian sea ecosystem is closely associated with quantitative formation of continental flow and the regime of its entering into the Caspian sea. The Volga River is of major importance for water supply of the Caspian sea, its share makes up about 85 % of the total fluvial flow coming into the sea, table 2.2.
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Notes: the data for 1959-1990 are taken from the work of V.N.Malinin (1993), the materials for 1991-1995 on the rivers Volga, Terek, Sulak and Samur are presented by the Hydro-meteorological Center of Russian Federation, on the Ural river - by the Hydro-meteorological Service of Kazakhstan, on the Kura river - by the fishery organizations of Azerbaijan, on the small rivers of Caucasus and the rivers of Iran from the work of V.N. Malinin (1993).
The present day hydrological regime of the rivers running into the Caspian sea is under strong influence of human activity. The total flow of the rivers of the sea basin, as a result of water withdrawal for irrigation purposes reduced by 42-48 km3.

Besides, the flow of all large rivers of the sea basin is regulated by a system of water storage reservoirs (to a lesser degree for the Ural river). As a result of it the intra-annual deformation of the river flow is observed, table 2.3.
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Note: the relations of the regulated flows (1960-1989) in relation to the natural period of water content (1930-1955); for the Volga River the regulated period is calculated for the period 1960 — 1995; the flow was calculated at the following check points: the Volga River - Volgograd, Ural river - settlement Topoli and settlement Mahambet, Terek river - Karagalinskaja settlement, Kura river - city of Saljany. As it is seen from table 2.3 the major amount of fluvial water goes to irrigation during the warm period of the year. In winter the water discharges have increased, with the purpose of generation of electricity at the electric power station.

Deformation of the .intra-annual flow of the rivers and irrevocable withdrawal of its  part for irrigation purposes were the main reason of decrease of fish productivity of the mouth areas of the rivers of the Caspian sea. The catches of the generative -freshwater fishes considerably decreased, that will be reviewed in the applicable section of this report.

2.3. Eutrophication.

The anthropogenic eutrophication in contemporary conditions is characteristic for continental water bodies of the majority of industrial countries of the world and affects also the inland seas.

And such an inland water body as the Caspian sea is not exception.

The main reason for development of this process in the Caspian sea is the excess inflow of phosphorus, nitrogen and organic matters.

The major amount of biogenic and organic matters gets into the Caspian sea with the river flow, as the total of the population living on the coast of the Caspian Sea, on rough estimates does not exceed 10 million people while in the catchment area of the rivers this figure is approximately one order hIgher.

Therefore at first approximation it is possible to consider entering of biogenic matters proportional to liquid discharge. Therefore, about 90 % of biogenic matters go into the shallow-water Northern Caspian with the river flow from the Volga and Ural. At that the main part of the biogenic matters discharge comes from the Volga River. The main input into development of eutrophication processes in the Volga waters was made since late 70s till late 80s by agriculture, and also by entering into the fluvial systems of not enough purified communal-household waters from the catchment area of the Volga, where about 60 million people live.

Since the beginning of the 90s the significance of agriculture in development of the eutrophication process has considerably decreased due to its depressive state.

The last five years (1993-1998) are characterized by stabilizing of entering of nitrogen and phosphorus into the Volga delta. In the recent period the entering of the mineral forms of nitrogen and phosphorus, as compared to the period before the regulation of the Volga flow, has increased in 2,5 and 3,6 times for a year accordingly.

The consequences of the eutrophication process are traced in following links of the ecosystem: augmentation of primary production of organic matter of phytoplankton ? intensification of detrital stream of organic matter, both of allochthonous and autochthonal origine ? increase of bacterioplankton in the sea water ? accumulation of the organic matter in bottom sediments ? growth of the biomass of zooplankton and zoobenthos ? rise of the number of the silver crucian as an indicator specie fish  of this process.   

The scales of development of eutrophication process in different areas of the Caspian sea are unequal. To the greatest degree they occur in the river mouth areas. The value of heterotrophic food chain in the water body has essentially increased: detritus - bacterioplankton - zooplankton.

According to the data of I. A. Sokolsky and R.I. Umerbaeva (1998) the biomass of  micro-organisms in the summer of 1998 as compared to the 60s and the 70s, in the  western part of the Northern Caspian, situated in the area of active development of  eutrophication processes, has increased in 2 times.

According to the data of I.A. Khripunov (1975) the content of organic carbon in bottom sediments of the Northern Caspian sea has increased in 1,5-2 times (for different fractions of grounds).   

It is essential to note two relevant circumstances:

· The process of eutrophication developed on the whole aquatory of the Caspian sea and in all links of the trophic chain, table 2.4. - 2.6.;

· The maximum manifestation of a succession fell to the end of the second half of the 80s, then there was some decrease of intensity of the processes of eutrophication, and the period of relative stabilization of the state of the ecosystem, the so-called climacterium has commenced
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Note: the maximum of zoobenthos biomass was registered in 1986-1990.
In the Middle and Southern Caspian sea the maximum development of autotrophic processes in the layer of efficient photosynthesis (0-30 meters) was also reached in 1986-1990 (116 and 114 % of oxygen saturation accordingly). In the subsequent five years there was a decline of saturation of this layer in the Middle Caspian down to 111, and in the Southern Caspian down to 108 % of saturation. In accordance with the long-term variations of photosynthesis of phytoplankton there occurred the changes of biomass of zooplankton in the Middle Caspian Sea, with the maximum development of animals in 1986-1990 - 107,5 mg/m3 (Tinenkova, 1996).
Thus, the maximum eutrophication was noted in the whole of the basin practically at the same time and occurred in all links of the trophic chain. Now the process of eutrophication is at the state of relative homeostasis.

2.4. Pollution

The pollution of waters of the Caspian sea is formed under the influence of human activity in the catchment area of the basin, in the coastal zone of the sea, and also on its aquatory (marine oil extracting, shipping industry).

Besides, atmospheric transfer of different contaminants in composition of aerosols, including xenobiotics, heavy metals, different organic compounds, including a stream of oil hydrocarbons can become a rather potent source of the sea pollution.

For the World ocean, on the estimate of Yu. A. Izrael and A.V. Tsyban (1989), the  contribution of atmospheric input into the balance of contaminants corresponds to the fraction of the river flow. There is no quantitative assessment of this process yet for the Caspian sea. It may be assumed, that a water body located in the depth of the continent is exposed to significant influence of atmospheric transfer of contaminants.

However, the main source of pollution of the sea and its biota are the continental flow and human activity in the sea proper. Just the river mouth areas, water areas near to settlements and developed marine oil-fields are the most contaminated parts of the sea.

The priority for the Caspian Sea at the present stage are oil hydrocarbons, heavy metals, phenols. To a lesser degree it concerns such toxicants as chlororganic pesticides (COP), detergents.

In spite of the fact that oil hydrocarbons are referred to the 4th class of hazardous matters, owing to its widespread occurrence and diluting properties in relation to COP, it is the most dangerous toxicant for the ecosystem of the Caspian Sea. The main areas of heightened concentrations of oil hydrocarbons are the river mouth areas of the Volga, Ural and the areas adjacent to places of crude oil production. Such water areas are the Eastern and Southern coasts of the Northern Caspian. In the Middle Caspian the Western coast, adjacent to the Apsheron Peninsular, and the shelf area of the Southern part of Azerbaijan in the Southern Caspian Sea.

The heightened concentrations oil hydrocarbons are registered near large settlements (Makhachkala, Izberbash, Baku etc.). The oil products are present everywhere in the Caspian Sea. In the Northern Caspian over half of the cases (54,1 %) comes on the concentration of oil hydrocarbons in the amount of 0,5-3 MAC (maximum allowable concentration).

The heightened content of oil hydrocarbons in water is accompanied by their accumulation in bottom sediments.

As a whole, in connection with reduction of marine oil transportation, the content of oil hydrocarbons in the sea has declined a little. At the same time, the prospecting and commercial production of oil is expanding, which can lead to global ecological consequences for the Caspian sea.

In the Southern Caspian, in the most polluted areas adjacent to the Apsheron archipelago, the reduction of production processes is traced at all trophic levels. So, according to the data of A.B. Kasymov (1994), in the contaminated parts, as contrasted to the clean ones, the annual production of zoobenthos is 2 times less. As a whole, the author values the reduction of fish resources due to impurity in the \ Western part of Southern Caspian at 316,7 thousand tons per year.

While analyzing the data of long-term observations it is possible to mark constant  presence in the water of chlororganic compounds, which is explained by their stability to biodegradation. Chlororganic pesticides (COP) have reached the greatest diffusion in the basin in the 60s - 80s, owing to their broad application in agricultural production, and in particular, in cultivation of rice.

In Russian Federation in the last decade the cultivation of rice in the Volga delta has considerably declined. Besides, the procedures of cultivation of this culture without applying agricultural chemicals are widely applied. The maximum of pesticide pollution in the Northern Caspian was observed in 1988-1989.
Spatial distribution of COP in the Caspian sea is irregular. The areas of high, low and zero concentrations are observed. The main pesticides of chlororganic series which   are   present   in the Caspian  water, are DDT (dichlorothe drophenyltrichloroethane) and its derivatives, hexachlorocyclohexane (HCCH), heptachlor, sometimes there occur aldrin, propanid, ramdor, etc. The highest pollution with COP occurs in the river mouth parts of the Volga, Terek, Kura and, probably, on the Iranian coast, i.e. in the areas of intensive cultivation of agricultural cultures, especially such as rice and cotton.

The chlororganic pesticides, apart from sorption on suspended matter, are well accumulated in bottom sediments and biocenoses.

According to the data of B.N. Kostrov, et al. (1997), significant amount COP is accumulated in the grounds of the mouth areas of the rivers Terek and Kura and exceeds their content in bottom sediments of the Volga coast in more than one order.

Monitoring of long-term dynamics of the content of COP, conducted by KaspNIRKh in the most representative for this purpose specimens of ichthyofauna - the sturgeon fishes, demonstrates that the inconvertible tendency of their reduction since 1990 -1992 is observed. The similar tendency is traced for bony fishes as well. The maximal concentrations of COP are formed in the liver and gonads of sturgeon fishes, and minimal - in gills and muscle tissue.

Among the chastik1 fishes species the highest level of accumulation of these compounds is registered in predatory fishes (catfish, pike-perch, pike), as representatives of the higher link of the trophic chain. With food the COP get into the fish organisms in bigger quantities, rather than directly with water.

The allocation of pesticides in fish organisms takes place according to the traditional scheme: liver - gonads - gill - muscles.

In the last years the priority of toxicants for the Caspian Sea changes. After oil hydrocarbons, due to the drop of COP concentrations, the heavy metals become one of the most widespread toxicants, thus displacing the chlororganic compounds.

Unlike other pollutants, the metals do not degrade in the natural environment, and only can change their physicochemical state. As a whole, the content of heavy metals in the Caspian sea, in comparison with their average values in oceanic waters, - is 1-2 orders higher (especially on zinc). Zinc and copper are the most widespread metals in Caspian Sea. There is a tendency of augmentation of heavy metals in the waters of the Northern Caspian Sea.

According to the data of B.P. Kostrov et al. (1997), the content of heavy metals (zinc, copper, lead, iron) in the opened part of the Middle and Southern Caspian does not exceed MAC, except for iron and zinc. These two metals can exceed the MAC in 10 and more times.

In the coastal zone of Dagestan according to the data of V.U. Matsapulin et al. (1997), the enrichment of the Caspian waters with heavy metals takes place due to drainage by surface waters of about 500 pyrite polymetallical formations situated in the basin of rivers Samur, Sulak (Avarskoye and Andyiskoye Koysu), Terek. The composition of polymetallic compounds includes lead, zinc, copper, iron, cobalt, mercury. Thus, the entrance into the Caspian sea of heavy metals is connected not only with technogenic pollution, but also with geochemical peculiarity of the basin.

The most toxic of heavy metals is mercury, specially its organic compound - methyl mercury.

The maximum values of common mercury are registered, mainly, in the muscle tissue of predatory fish species, and minimum values - in planktivorous fishes (planktophages).

The dominating in quantity element out of all determinable microelements is zinc. The series of descending of the heavy metals content in the tissues of different fish species (in averaged values) can be presented as follows:

Zn > Cu > Pb > Hg > Cd

For microelement composition the increase of concentrations of all metals in the series is characteristic:

muscles => gonads => liver

The biggest accumulation of heavy metals is characteristic for predatory fishes (catfish, pike-perch, sturgeon etc.).

The influence of overall toxicity of waters of the Volga delta was established in bony fishes at the stage of early ontogenesis (embryogenesis, larvae at the А-У stages of development). The total elimination was significant and varried from 38,0 (wild carp) up to 43,5 % (bream). To a much smaller extent there occurs the loss of perch fries.

Besides in the producers of Caspian roach, bream, silver bream, crucian, Abramis ballerus, perch and pike-perch (from 14 up to 89%) the exterior symptoms and disturbances of erythrocytes morphology are registered which is attendant to a toxic lesion. In 18-26% of the producers of Caspian roach the chronic cumulative toxicosis was diagnosed, the exacerbation of which is capable of reducing of the working fertility of females in unfavorable ecological conditions by 30-60%.
The long-term toxicological studies show that the cases of fish loss due to volley discharges of toxicants occurred in the 50s - 70s. Later, because of adoption of administrative actions to the law breakers, the impact of discharges of contaminating technogenic components has obtained the nature of chronic toxicosis.

In the present conditions the toxic impact of pollutants manifests itself, first of all, in physiological - biochemical and morphofunctional disturbances. So, at the end of the 80s and the beginning of the 90s the large number of sturgeon fishes with disturbed muscles structure and weakening of the roe shell was registered.

In the present conditions according to the data of the laboratory of physiology and biochemistry of fish of the KaspNIRKh Institute about 30% of sturgeon fishes have disturbance of reproductive function. As it was noted above, in 18-26% of the producers of Caspian roach the chronic toxicosis is registered, which can lower the working fertility by 30-60%. This phenomenon correlates well with such a fact, as priority accumulation of toxicants in the reproductive organ -- the gonads of fish.

To a much greater extent the pollution influences the population of the Caspian seal. The maximal amount of COP and heavy metals is accumulated in the fat of a seal and its liver. Thereof, beginning with the middle of the 80s the reproductive potential of the population has declined, the pathological cnanges in reproductive organs are observed. The number of barren females reaches on the average about 60%. In the last 8 years the stabilizing of this process was noted on the background of reduction of concentrations of COP in hypodermic fat of the seal.

Thus, the multidimensional field of technogenic pollution of the Caspian sea changes, at that the hydrocarbons become the priority toxicant, with an outlook further increase of their entering into the marine ecosystem.

2.5. Conclusions

1. The probable forecast regarding the position of the sea level for the foreseeable future (till the year 2030) is rather favorable for conservation of the sea ecosystem and for running of rational fish economy. 

2. The flow of the main rivers of the Caspian basin has Intra-annual regulation for almost 50 years already. Except for the Volga River no necessary drawdowns of water are executed during the high water period for watering of spawning grounds during the fish reproduction period. On the Volga River the imitation of artificial high waters does not meet the requirements of fishery. Most of the time they do not ensure the well-timed, from the point of view of biohydrological conditions, flooding of spawning grounds (flows, duration of watering, etc.). For the 39 years (1960-1998) of regulation of the Volga flow only in 8 instances the floods reached their natural amounts. 
The losses in catches of semi-migratory fishes have totaled, on the average for this period, about 40 thousand tons annually.
There is no realistic basis to expect any changes in water resources use strategy by the Caspian states in the conditions of present economic situation. It is necessary to recognize, that this hydroeconomic situation will remain the same in the foreseeable future.

3. In the river basins and in the Caspian sea the processes of eutrophication are developed, which affect all components of the ecosystem. The maximum manifestation of this process was noted at the end of the 80s and encompassed the ecosystem of the whole basin. Nowadays the eutrophication is at the phase of relative stabilizing. Considering the contemporary state of agriculture as well at the fact, that the delta and fore-delta of the Volga are already "washed out" and the ecosystems of water storage reservoirs are balanced and in the proximate 5-10 years one should not expect an increase of intensity of eutrophication processes.

4. The pollution of the sea ecosystem takes place under the influence of a broad spectrum of toxicants, priority of which at this stage are the oil hydrocarbons and heavy metals.

The main input of toxicants into the sea takes place with the river flow, industrial -household discharges of water from settlements, development of oil-fields in the coastal zone and directly in the sea.

Unlike in the 60s - 70s, nowadays the marine pollution is not accompanied with mass loss of fish and represents itself as a constant chronic toxicosis.

In the present conditions the toxic impact of contaminants on hydrobionts is exhibited as morphofunctional disturbance, including reproductive function. In many fishes the priority accumulation of toxicants in gonads takes place, which leads to reduction of working fertility, deterioration of sexual yields, and at the end to reduction of potential fish productivity.

To the greatest degree the toxic substances in the ichthyocenosis are accumulated in predatory or long-living fishes, such as sturgeon, and also in the Caspian seal. According to the specialists of KaspNIRKh the influence of the toxicants results in elimination of fries of semi-migratory fishes at the phase of early ontogenesis in the amount of 38,0-43,5% , in disturbance of reproductive function in approximately 30% of the producers, and on the average, in about 50% of barrenness of females of the Caspian seal. The present ecological monitoring is insufficient and does not fully encompass the studies of technogenic stream of toxicants.

Therefore the presented materials require further additional studies. The conducting of simultaneous all-caspian specialized ecological survey, including river mouth areas, and definition of a broad spectrum of toxicants in water, suspended matters, bottom sediments and biota is extremely necessary.

3. The state of fish resources and the factors unfavorably affecting bioresources in the present

The state of resources of the Caspian fishes is influenced by a broad complex of the natural-climatic factors and human activity, fig. 3.1.

The influence of all these factors on formation of each specie of fish is ambiguous and is connected, first of all, with their bionomics.
For generative - freshwater fishes and fishes inhabiting sweet water, the major importance has the fluvial flow, for marine fishes inhabiting open parts of the sea of importance are the changes in thermal and salt resources, supply of the trophogenic layer with biogenic matters.

Some fish species (sturgeon, semi-migratory, fluvial, migrating herring etc.) are exposed not only to commercial withdrawal, but also to strong pressure of poaching. At the same time some species of fish are not caught neither commercially, nor by amateur catch. The small part of the most commercially important fishes is reproduced artificially, the main part of the ichthyofauna is reproduced only naturally.

To some extent all Caspian fishes are subject to the influence of toxic substances dissolved in the water or sorbed on suspended matter, accumulated in bottom sediments or in the fish feeding objects. We will elaborate on this matter later.

The main share in the stock of commercial fishes of the Caspian Sea belongs to pelagic fishes (sprat, herring, grey mullet). Their resources exceed the amount of biomass of the benthivorous fishes (sturgeon, semi-migratory) in more than 2 times fig. 3.2.
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Fig. 3.2. Total stock of commercial fishes in the Caspian Sea 

The long-term changes of the amount of catches of fish in the Caspian Sea are determined by the general changes of reserves of some commercial species of fish under the influence of environmental conditions, the intensity of their commercial withdrawal, and also by the anthropogenic factors affecting the ecosystem processes.
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The structure of commercial withdrawal of the main fish species in the Caspian basin since the beginning of the 20th century is presented in table 3.1.

Table 3.1

Special composition of catches of fish in the Caspian basin (thousand tons) (excluding Iran) 
Fish species


Year periods




1910-1930


1932-1940


1941-1959


1960-1970


1971-1978


1979-1990


1991-1995


1996-1998



Sturgeon


11,0


15,9


9,6


15.3


22,1


21,1


6,5


1,75



Sprat


-


6,0


68,7


308,1


357,2


283,4


148,7


111,1



Large chastik


75,1


146,5


125,6


47,9


47,4


33,6


40,6


45,3



Caspian roach


160,1


131,9


64,8


18,8


18,8


9,2


19,7


12,9



Herring


94,4


90,0


64,9


12,8


1,6


1,8


1,7


2.5



Small chastik


-


34,9


26,7


20,6


18,0


15,8


10,0


11,7



Salmon


0,3


1,24


0,3


0,007


0,01


0,02


0,034


0,03



Grey mullet


-


0,01


0,55


0,63


0,55


0,22


0,05


0,02



Total:


456,2


429,0


373,2


430,3


465,7


365,1


227,5


185,5



Total without sprat:


456,2


423,0


304,5


122,2


108,5


81,7


78,8


74,4



Share of sprat (%) in the gross catch


0


1,4


18,4


71,6


76,7


77,6


65,4


59,9



As seen from the materials of table 3.1, due to different reasons in the Caspian Sea there was a step-by-step reduction of catches of all fish species, including, naturally, the total catch.

The quality structure of the catches also has changed. In the total catch of fish the share of sprats, primarily of anchovy-like sprats, had gradually increased.

The basic reasons for decrease of catches and their quality structure were the

following:
· Lowering of the sea level and low water-level of the Volga River in the 30s;

· Regulation of the flow of the Caspian basin rivers, including the Volga River, in the second half of the 50s. As a result of it the catches of large chastik, Caspian roach and small chastik has decreased by 65, 81 and 33 % accordingly;

· Change of the fishery regime, when the marine catch of fish was banned since the beginning of the 60s.

The positive factor was the conservation of sturgeon fries and, as a consequence, the increase of catches of sturgeon fishes, table 3.2.;

Table 3.2.

The relation of catches of fishes (in %) in the subsequent period of time to the catches of 1932-1959

Fish species


1932-1959


1960-1970


1971-1978


1979-1990


1991-1995


1996-1998



Sturgeon


100


120


173


165


51


14



Sprats


100


826


956


759


398


297



Large chastik


100


35


35


25


30


33



Caspian roach


100


19


19


9


20


13



Herring


100


16


2


2


2


3



Small chastik


100


67


58


51


32


38



Salmon


100


0,9


1,3


2,6


4,4


3,9



Grey mullet


100


225


196


78


18


7



Total:


100


107


116


91


57


46



Total without sprats:


100


34


30


22


22


20



· Lowering of the sea level and a low water level in the Volga River. The catches of such mass fish species as pike-perch, bream, Caspian roach have reached the lowest values in the 20th century, - 0,8; 3,98; 3,66 thousand tons accordingly;

· Just in this period the catches of sturgeon have reached its maximum - 27,27 thousand tons (1977);

· Cutting down of intensity of sprats catches by the Caspian states after disintegration of the USSR;

· Wide-scale development of marine and river poaching of sturgeon.

In the last years the catches of fish by the Caspian states (except for Iran) makes up less than 50% in relation to the catches of the first half of this century, and excluding the sprats - only 20%.

The present catches offish by the Caspian states are presented in table 3.3.
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Note: data on catches of the Caspian fishes by the Caspian states in 1998, except for Iran, which are referred to 1995.

The major part of catches of fish by the Caspian states falls at the two countries: Russian Federation and Islam Republic of Iran - about 86% of their general catch. Both countries give major attention to artificial breeding of valuable fish species. In particular Russia breeds sturgeon, white salmon (inconnu), wild carp, bream, kutum roach etc.; Iran, - sturgeon, Caspian salmon, kutum roach. Caspian roach and other species.

The introduction by Russia of grey mullet into the Caspian Sea promoted the formation of a wide scale catches of this fish just in Iran where this is promoted by hydrological conditions.

Low-scale involvement of Azerbaijan, Kazakhstan, Turkmenistan in catches of the Caspian sprats should be noted on the background of building-up of catches of this object by Russia and Iran.

The quality composition of contemporary catches of fishes is characterized by the small amount of catches of valuable fish species. So, the share of sturgeon and salmon fishes makes up only 1,3% of the total catch. The main part of the catches falls to the share of sprats - 67,9%. The second largest catch of fishes is the large chastik (19,5%), which takes a considerable place in the structure of fish economy of Russia, Kazakhstan and Iran.

The catches of such high-quality fish species, as Caspian roach and herring is insignificant and makes up less than 5% of the total catch.

Thus, during the 20th century the amount and quality composition of catches of the Caspian fishes was changing.

Before disintegration of the USSR the amount of fish catches differed only slightly from the amount in the beginning of the century. So, in 1971 it reached 555 thousand tons, which is close to the amount caught in 1910. However, the quality composition of catches has worsened considerably. So, if in 1910 almost half of catches were made up of herring and Caspian roach, in 1971 the basis of the catches was made up of sprats - 80%.

Let's explain now, is brief the reasons of the present state of certain most valuable commercial fish species.

Before proceeding to the more detailed review of the long-term dynamics of the main commercial fishes of the Caspian Sea it is necessary to note, that the artificial breeding of fishes in the Caspian Sea (pasturable aquaculture) is limited, basically, to the sturgeon and salmon fishes, and also some species of bony fish (kutum roach, wild carp, bream, Caspian vimber, Shemaya).

3.1. Sturgeons

In the Caspian Sea until recently there dwelt the largest stock of sturgeon fishes, which reached 90% of their world resources. At the same time, in the historically visible period the sturgeon fishes in the Caspian Sea did not belong to the mass fishes, such as, for example, herring or chastik fish. Their largest catch reached in the beginning of the century and by the middle of the 70s of the current century 39,2 and 27,4 thousand tons accordingly (Vlasenko et al., 1999). The catches of these fishes are characterized by high interdecadal variability. So, after the beginning of low-water periods on the Volga River, which took place in the 30s and the 70s of the 20th century, - the catches of sturgeon fishes were abruptly reduced. So, in the 40s the catches of sturgeon in the Volga-Caspian region went down to 1,2 - 2,9 thousand tons which testifies the probable overcatch of these fishes in the previous years.

The wide-scale changes of water-salt balance of the Caspian Sea, when there occurs an abrupt unidirectional lowering of the sea level, have a negative effect on the rate of growth of sturgeon fishes (Vlasenko et al., 1999). Naturally it manifests itself through the worsening of the feeding base and of the feeding conditions of these fishes.

Taking into consideration the exclusive alimentary and commercial value of these fishes and their caviar the Russian scientists and the fish-breeders (pisciculturists) have made a lot for rising of the number of sturgeon:

· The establishment of valuable food objects from the Azov-Black Sea complex is realized: the molluscs of abra and the worm nereisa, have taken a noticeable place in the food ration of the sturgeon;

· The biotechnology of artificial breeding of sturgeon fishes is developed, which was utilized at projection and construction of the sturgeon breeding factories in all Caspian states;

· Since the beginning of the 60s, the marine net catches in the mouth of the Volga River is banned;

· The reclamation of natural spawning grounds in the lower reaches of the Volga River took place;

· The wide-scale annual release of sturgeon fries from fish-breeding factories was realized.

However, despite of attempted measures, the reserves of sturgeon fishes in the present conditions have reduced abruptly. This process is promoted by a lot of the factors, one of which is the lessening of the scales of natural reproduction of sturgeon fishes in the Volga River, table 3.4. 
Table 3.4

Scales of natural reproduction of sturgeon fishes in the river Volga after the regulation of the flow (1959 -1998), thousand tons/year

(according to V.M. Raspopov, 1999).

Year periods


1959-1970


1971-1980


1981-1990


1991-1995


1996-1998



Sturgeon catches


10,7


7,6


6,8


3,05


0,92



The relation of catches to their amount in 1959-1970


100


71


64


28


8,5



In order to compensate the losses of sturgeon resources caused by the hydro-construction, for the first time in the world the construction of sturgeon reproduction farms (SRF) was realized on the Volga River. Later on the specialized vessels for transportation of sturgeon fries to marine pastures were built. These actions promoted building-up of release of a sturgeon fries from the SRFs.

So from the amount of 32,5 million species of a factory sturgeon fries in 1960-1970, the stocking of the sea by sturgeon fries has increased in the 70s in 2 times, as compared to the previous period, and then in 1981-1990 in 1,35 more times, reaching on the average for this period 89,4 million species of fries. However, the present catches, formed on the breeds of 1974-1987 (for the sturgeon), 1979-1990 (for sevruga) and 1970-1985 (for beluga) (Vlasenko et al., 1999) do not reflect the scales of natural reproduction of sturgeon and release of sturgeon fries by SRF in those years.

The reviewed materials show that stocking of the sea with factory sturgeon fries in the amount of 100-110 million species and that amount of replenishment, which was formed on natural spawning grounds has turned out to be insufficient to maintain the resources of sturgeon at a stable level.

Therefore, there is a complex of factors, which promoted such a fall-off of the sturgeon catches.

As remarked by A.D. Vlasenko et al. (1999) "the existing difficult situation with sturgeon resources is related to irrational catches, negative influence of the rivers flow regulation which resulted in abrupt reduction of natural reproduction and the increased scales of poaching. The pollution of the rivers and coastal areas of the sea which has amplified for last years is also of major importance".

The main factor of rapid fall-off of sturgeon reserves in the sea is the poaching, which has acquired catastrophic dimensions for the population of these fishes. So, according to calculations of A.D. Vlasenko et al. (1999), made on the materials of 1999 on the Russian sturgeon, as a result of poaching in the river and in the sea 11 permissible industrial catches are withdrawn. The studies of KaspNIRKh show, that the spawning part of the population reduced abruptly in the rivers Volga and Ural, as it is being caught twice: on the migratory paths in the sea and then in the rivers of the basin.

The abrupt increase of poaching has taken place just before the disintegration of the USSR and in the post-soviet period, and after that the efficiency of sturgeon protection has declined considerably, and the disastrous reduction of the catches has followed.

So, if in 1984-1988 the reduction of sturgeon catches, on the average, made up 4.6%, then in the following years it increased: in 1989-1990 - 14,5%, in 1991-1992 -y 17,5%, in 1993-1998 - about 36%.

Such considerable annual drop of catches can not be countervailed by any fish-breeding measures. Therefore the prime task, indispensable for salvage of the sturgeon population in the Caspian Sea is the cessation of wide-scale poaching. With the present state of the feed base it is possible to bring up the chatches in the Caspian Sea to 50 thousand.
3.2. Semi-migratory and fluvial fishes, salmon, black spine shad

The semi-migratory and fluvial fishes before the wide-scale development of catcheing of sprats with electric light made up, alongside with herring, the basis of the Caspian catches. Their main part (65-75 %) was caught in the Volga-Caspian region having the largest river mouth area and a ramified hydrographic network of the Volga delta.

The abundance of miscellaneous in hydrological conditions watercourses and water bodies in the Volga delta, the vast spawning-ground area, various aquatic vegetation determine the favorable ecological conditions for dwelling of semi-migratory and fluvial fishes in the Volga-Caspian region.

Besides in the Northern Caspian Sea in summer there forms a vast freshened (up to 8-9 %) area, the biggest in the Caspian Sea, that allows the generative - freshwater fishes to master the rich food resources of marine pastures.

In the present conditions this pattern stays (table 3.3.) and the Northern Caspian region keeps its leading position in catches of large freshwater fishes - 82,2% of the total catches of these fishes in the sea.

The stocks of semi-migratory fishes have declined considerably in their main area -the Volga-Caspian region, after regulation of the Volga flow (after 1959), - from 101,4 (1951-1959) to 46,3 thousand tons (1960-1974). During the period of the sea level drop in the 70s there was a further reduction of catches of these fishes - by 45% as compared to the previous period. With rising of the sea level the number of these fishes increased for the period of 1993-1998 up to 41,8 thousand tons. In view of minimum amount of the unaccounted catches, which equal to 30%, the amount of catch of these fishes makes up about 54 thousand tons. It is close to the value of catches of large freshwater fishes, which were reached immediately after the beginning of regulation of the Volga flow.

It should be noted that the catches of large freshwater fishes are rather stable in comparison with another fish species of freshwater complex.

The basis of the catches of large freshwater fishes under the conditions of natural water content of the Volga River was made up by three species: bream, pike-perch and wild carp. After regulation of the Volga flow the number of the two last species had strongly reduced. Their^depressh/e state remains the same till now. The population of bream, despite of the lowering of its number after the construction of hydrojpower stations at the end of the 50s, later has increased and now this specie is the most numerous among semi-migratory and fluvial fishes. The present catches of bream are close in their amount to the period of the beginning of flow regulation (1956-1960), table 3.5. It should be noted that the present replenishing of bream and wild carp stocks at the expense of their breeding in the system of spawning and breeding facilities (SBF) has no significant value. So, at lowering of the sea level in the 70s, when the conditions of natural reproduction of these fishes strongly deteriorated, - the catches of bream and wild carp, despite of replenishment of their reserves with the fries from SBF declined abruptly, table 3.5.

One of mass fish specie in Caspian Sea is the Northern Caspian roach. Its minimum catches in the beginning of the 30s reached 240 thousand tons. As the sea level was lowering in the 30s, so were the reducing the catches and, before the completion of hydro-construction made up about 50 thousand tons. After the regulation of the Volga flow the catches of the Caspian roach were reduced in half. In the 60s the catch of this fish in the sea was ceased and in the Volga River its catch started to be made with the finer mesh seines.

The reserves of the Caspian roach were strongly reduced during the drop of the sea level in the 70s, when its minimum catch in the amount of about 3,8 thousand tons was noted. With the rise of the sea level its catches increased up to 22,5 thousand tons, but in 1996-1998 reduced again down to 11,2 thousand tons. The decrease of number of the Caspian roach in the last years in the Northern Caspian region the specialists (V. I. Chernjavsky, 1999) connect to the impairment of its feeding due to the lowering of biomass of brackish water mollusks.

At the same time, in the present conditions the Caspian roach remains one of the most numerous fishes of the Caspian Sea. Its actual catches are much higher, as the private entrepreneurs directly resell part of the catches thus bypassing the official statistics. In spring the Caspian roach is caught everywhere during its mass migration by numerous amateur fishermen. In relation to the Caspian roach the expert estimate of the unaccounted catch in 30% is, in our opinion, undervalued.

To the greatest degree the catches of pike-perch have declined, as contrasted to the natural period of water content of the Volga River. As the pike-perch is an oxiphile fish the change of ecological conditions had the greatest effect on it. As well as for the other semi-migratory fishes, the regulation of the Volga River flow for the pike-perch was expressed in abrupt impairment of conditions of natural reproduction, as a result of which the catches of this fish have declined approximately in 2,5 times. Before the drop of the sea level in the 70s they were stable and were positioned within the limits of 4,5 - 6,2 thousand tons. At lowering of the sea level to the mark of about -29,0 meters of absolute level the catches of this fish were minimal in the Northern Caspian region and made up about 1 thousand tons. With the rise of the sea level the commercial reserves of pike-perch have increased and gradually the catches have reached 5-7 thousand tons, which was observed before the drop of the sea level. However, if before the drop of sea level in the 70s the catches of pike-perch in the Volga River in relation to the catches of these fishes in the Ural River made up on the average for a period of 1956-1985 2:1, in the subsequent years it considerably changed into the side of increase of pike-perch in the Ural River. So, in 1986-1990, 1991-1995 and 1996-1998 the Volga catches of pike-perch in relation to the Ural have made up: 0,8; 0,6; 0,3:1 accordingly.

Thus, for the first time in this century there happened the reallocation of catches of pike-perch between the Volga-Caspian and the Ural-Caspian regions. The reason for this are the two processes: reallocating of fries and adult semi-migratory fishes between the Western and Eastern parts for the benefit of the latter and impairment of the gas regime in the Western part of the Northern Caspian Sea. Such situation will be preserved in further as well, during the period of high stand of the sea level.

The long-term changes of wild carp hardly differed in the features for the earlier reviewed species of semi-migratory fishes. In present conditions its resources and catches stabilized on the amounts of about 3 thousand tons.

Part of the population of wild carp (marine) is not being caught due to banning of marine catches.

The state of such valuable commercial freshwater predators, as catfish and pike is rather stable, especially it refers to the catfish. Its present catches exceed the catch of this fish in the 30s - 40s in over 2 times. It is related to the variation of bionomics of the lower reaches of the Volga after lowering of the sea level, which lead to the augmentation of reserves of this valuable fish.

The catches of pike in the Volga-Caspian region are stable and make up 2,5-3,6 thousand tons.

The other regions of the sea, including the Ural-Caspian region, have a very restricted value for catches of wild carp, pikes and catfish.

The catches have declined to extreme amounts in Azerbaijan and Turkmenistan.

The reserves of small chastik (redeyed rudd, tench, perch, crucian etc.) were affected by the same factors, as the large freshwater fishes (regulation, sea level fluctuation), and also the changes of hydroqraphic network and biotopes in the lower area of the delta and development of euthrophication processes. The catches of these fishes are concentrated basically, in the Volga-Caspian region. The existing catches of them are insignificant and within the 90s varied in the limits of 8-12 thousand tons. In the composition of this group of fishes the attention is drawn to abrupt increase of reserves of the silver crucian, which did not occur in audit catches until the late 50s - beginning of the 60s. The increase of the number of silver crucian began since the end of the 70s (Vetlugina, 1990).

In the 80s the mean catches of silver crucian made up to about 0,45 thousand tons, in the 90s they have increased up to 2 thousand tons, with a maximum in 1992 (2,36 thousand tons).

The silver crucian is actively mastering the basins of not only the lower, but also middle and upper areas of the Volga delta, as well as the basins of the Volga-Akhtuba floodplain.

By its ecological conditions it is possible to consider its reserves stable for perspective.

One of the valuable commercial species of fishes is the kutum roach.

The greatest distribution of it is observed in the Western and Southern parts of the Caspian Sea (Dagestan, Azerbaijan, Iran). The catches of this fish in the Caspian Sea were never great and made up in the most favorable years in the basin of about 2 thousand tons. In the last decades its catches remained at the minimum amounts of 0,001-0,002 thousand tons.

On the assumption, that the major part of kutum roach is not reflected in the official statistics, nevertheless it is possible to consider that despite of its breeding in Azerbaijan, the resources of this fish are insignificant.

Therefore the efforts of Iranian specialists arouse steadfast interest, because they managed within a rather short period (15 years) to increase the catches of this fish from 500 till 8-12 pousand tons. The Iranian ichthyologists - fish-breeders (ichthyologists -pisciculturists) mark an exclusive flexibility of this fish in artificial reproduction.

The migratory herring is the only object from the Alosa family, which is exposed to commercial withdrawal after its entering the Volga River. In the rest of the rivers of the basin it practically does not occur.

Before the construction of the HPS on the Volga River the migratory herring was one of the numerous fishes and its catches reached 200 thousand tons. In the 40s of this century there were caught about 40 thousand tons of this herring, and the present catches make up to about 3 thousand tons. In 1999 4,2 thousand tons of herring were caught -- the biggest catch for the last 33 years. Thus, the number of migratory herring since the beginning of the century reduced considerably, the quality structure of special composition had varied also. Out of two subspecies: the Volga multi-stamen shad and the Black spine shad the latter remained, which was less numerous in the past. It may be assumed, that its reserves stabilized, and the rise of the trophic status of the Volga River in the conditions of eutrophication process will have a positive effect on survival of fries of the Black spine shad.

The catches of fishes which refer to salmon (Caspian brown trout, white salmon (inconnu)) reached their maximum in the second half of the 30s and did not exceed 1,9 thousand tons. The reserves of these fishes have declined after the drop of the sea level in the 30s and specially after buildings of dams on the rivers Volga, Kura, Terek, when the natural spawning grounds were lost for these fishes.

The present resources of these fishes are formed at the expense of artificial factory breeding in Russia, Azerbaijan and Iran. However, the scales of fish-breeding do not allow to gain large catches, which do not exceed 0,06 thousand tons. The outlooks for the increase of reserves of these fishes are related only to the increase of the scale of factory breeding and rising of its performance.

While summing up this section dedicated to bony fishes, their resources and scales of present catches, one can come to the following conclusions:

· The reserves of the viewed fishes have considerably declined as contrasted to the period of natural water content of the rivers of the of Caspian Sea basin;

· The major part of the Caspian fishes is caught in the Northern Caspian region (over 80%);

· Under the influence of a unstable hydrological regime of the rivers, the reserves of bony fishes vary strongly; the most stable are the catches of bream, migratory herring, catfish and pike;

· The intensity of bony fishes catches in the 80s -90s in the Volga-Caspian region was low, as contrasted to the previous decades, which allows to estimate the state of these species of fishes as stable;

· The reserves of all species of semi-migratory and fluvial fishes (except for wild carp and bream) are formed completely due to their natural reproduction, which in the majority of years does not correspond to the indispensable ecological conditions of spawning of these fishes;

· The augmentation of reserves of salmon fishes is possible only on the basis of expansion of scales of their factory breeding and rising of its performance.

3.3. Marine fishes

The Caspian marine complex of an ichthyofauna is represented by three families:

the herrings - Clupeidae, which includes three species of sprats (common, anchovy-like and big-eyed) and also herrings pertaining to one genus Alosa, the mullets - Mugilidae, including two species of grey mullets: golden mullet and leaping mullet, the perches - Percidae, where the marine pike-perch belongs to.

Together with the numerous representatives of bullheads, the sprats make up the basis of the Caspian trophic pyramid. In its majority the marine complex of the Caspian ichthyofauna is represented by pelagic fishes, which in their basis are planktivorous (planktophages). The Caspian Seal, sturgeons and pike-perch actively feed on the Caspian sprats and herrings. The total stock of the Caspian marine fishes in 1998 was valued at 2314 thousand tons (Sedov S.I., et al., 1999). Two thirds of this stock falls to the Caspian sprats and about 1% of it make up the grey mullet.

At the end of the last century and in the first half of this century the catches of herrings accounted to tens and hundreds of thousand tons and were one of the major items of the Caspian catches.

The maximum of their catch was reach in 1913-1917 and was varying within the limits of 288,1 - 365,1 thousand tons. With the cessation in middle of the 60s of marine catches, the catch herrings practically stopped, except for the migratory Volga herring.

At the end of the 40s Russian specialists under the management of Professor P.G. Borisov developed the procedure for catching of sprats with the use of electric light. After that the intensive development of sprats catching began, which has reached the maximum in the beginning of the 70s - over 400 thousand tons per year. Behind this major catch there stood the apparent overcatch, and after that the catches of sprats declined and varied in the 70s and in the beginning of the 80s in the limits of 302 - 371 thousand tons. The stabilizing of sprats catches was reached with catches of the order of 250-280 thousand tons.

With disintegration of the USSR and the change of the geopolitical situation of new economical realities the catch of sprats by the Caspian states reduced abruptly, table 3.5.

Table 3.5

Catch of sprats by the Caspian states in 1982 -1998, thousand tons; %

Year periods


Azerbaijan


Kazakhstan


Turkmenistan


Russia


Iran


Total for the basin



1981-1985


53.8 18,5 •


26.7 9,2


46.2 15,9


162.8 56,0


L2 0,4


290.7 100



1986-1990


50.5 18,7


28.3 10,4


41.0 15,1


146.1 53,9


5J. 1,9


271.0 100



1991-1995


22.6 12,7


16.3 9,2


16.7 9,4


91.0 51,1


3L4 17,6


178.0 100



1996-1998


6J: 3,7


M 4,7


9^ 5,3


91.0 50,7


64.0 35,6


179.6 100



Note: 
1. Numerator- thousand tons; denominator- %;

2. Data on sprats catch in IRI, 1997-1998, - unofficial.

The depression of sprats catches goes on in Azerbaijan, Turkmenistan and Kazakhstan the catches of which reduced in relation to the beginning of the 90s in 3-4 times. Russia started to overcome the decline of production activity of sprats having approached the catches of 1992.

During the reviewed period the catches of sprats in Islamic Republic of Iran (IRI) had grown considerably. On this background there occurs lowering of catches of sprats and the share of Azerbaijan, Turkmenistan and Kazakhstan in an aggregate catch of these fishes, table 3.5.

In the present conditions the reserves of sprats are rather stable and such sprat species as common and big-eyed are almost not be used for catching. Therefore, there are major reserves in their development.

However it is necessary to master the reserves of common and big-eyed sprats, which now are supplementary to anchovy-like sprat catches, very deliberately.

It is necessary to do with bearing in mind that the catches of seal now is ceased and the catches of predatory herrings are not carried out.

This problem will rise very acutely when Azerbaijan, Turkmenistan and Kazakhstan will overcome their lagging in development sprat catches and will reach the indexes of the catch of period in the beginning of the 80s. In this case even, if Iran stabilizes its catches at the present amount, the total catch of the Caspian sprats should make up to about 350 thousand tons, which is significantly higher than the advisable catch of these fishes in the year 2000 - 272 thousand tons (Sedov S.I. et al., 1999).

The formation of reserves of sprats and their allocations on the aquatory of the sea are influenced by hydrometeorological factors, long-term variations of the sea level, thermal and salt reserves, entering of biogenic matters into the photic layer of the sea, including with the ones entering with the river flow, the number of stormy days during the period of early ontogenesis of sprats etc. (Sedov S.I. and co-authors, 1999). As a whole, the specialists value the influence of the sea level rise on the stocks of marine fishes as a positive factor.

To the greatest degree it was reflected in the state of reserves of the common sprat. According to the data of A.A. Asseinova there was an increase of productivity of fries, expansion of its spawning area, survival rate, table 3.6.

Table 3.6.

Survival rate of the common sprat (%) in the Northern Caspian Sea (According to the data of A.A. Asseinova)

Year periods


Productivity


Survival


Area. Thousand km2



1931-1958


290,9


69,7


47



1959-1968


31,9


32,1


21



1969-1979


23,4


9,5


24



1980-1984


89,0


35,6


31



1985-1994


112


42,4


40



1995-1997


128


42,9


42



As it is seen from the data of table 3.6. during the period of the sea level rise the survival of common sprat has increased in 4,3 times, as contrasted to the period of low stand of its level.

At the same time, A.A. Asseinova (1999) remarks, that the productivity of this fish has not reached those values, which at the adequate level of the 30s were much higher, table 3.6. The survival of sprat fries is also below the applicable index of the 30s (by 27%). It may be assumed, that low contemporary productivity of common sprat is a consequence of the disturbed biohydrological regime of the sea, as a result of the regulation of the Volga flow. The survival in the last decades has increased, under the influence of eutrophication processes and the increase of biomass ofzooplankton, but apparently, the toxic influence (and the quality of water as a whole) determines its lower coefficient, as compared to the period of the first half of the century.

At the same time, in the last years this process was stabilized. Thus, it is necessary in the proximate years to be oriented on the reached stock rate of the common sprat. It is not necessary to expect any significant variations in reserves of anchovy-like sprat in view of lower replenishment, table 3.7.

[image: image11.png]Table 3.7.
Long-term dynamics of reserves and replenishment of anchovy-like sprat,
average daily catch with different types of vessels
(according to Sedov S.1. and co-authors, 1999)

Daily catches, tons

Total loss
(billion
specimen

Replenishmen
t (billion
specimens)

Biomass,
thousand

1990
183 100 18.7 13.9 6.3




With reference to sprats it is possible to mark, that the maximum of production processes for their populations was fell at the 80s, i.e. to the initial stage of the sea level rise and now these processes stabilized.

The strategy of further existence of the Caspian catches consists not of building-up of the catch of anchovy-like sprat, but in its rationalizing, perfecting of the catch methods, which allow to master all three species of sprats at the industrial scale.

Besides, considering the present allocation of sprats it is necessary to master new areas of their catch, in particular the aquatory of the Middle Caspian Sea.

Since 1965, when the marine catches were forbidden, the Caspian herring are caught only as migratory Volga herrings and in small amounts in spring during the time of their spawning migration. The reserves of herrings are great and compound about 560 thousand tons, including commercial part - 348 thousand tons in 1998 (Sedov S.I. and co-authors, 1999). The main part of the total stock of herrings belongs to Dolghin shad (54%), South Caspian shad (32%) and big-eye shad (about 14%).

The problem of development of their catches is not resolved till now because of lack of selective methods of catch, which would allow not to catch supplementary sturgeon fishes.

The catches of grey mullets in the Caspian Sea is carried out since 1937. However the absence of reliable fishing gear and the difficulties with catching of this fish did not allow to achieve large catches. In the greatest amount the grey mullet was caught in the 50s, when there was a marine catches of herring and the maximal amount of catch of this fish made up 1,58 thousand tons. After the banning of marine catches of herrings the specialized catches of grey mullets did not produce major effect. With disintegration of the USSR the catches of this fish practically ceased. In the 50s in Iran the greatest successes in the catch of grey mullet were reached and have made up to about 2,3 thousand tons (1952), and then at the beginning of the 60s the catch of this fish reduced abruptly. Nevertheless, in the 80s - 90s the catch of grey mullets in Iran has reached considerable amounts of 2,4 -5,1 thousand tons. The reserves of grey mullets were assessed by A.I. Khoroshko (1985) still in the 80s, which by his estimate made up to about 15-20 thousand tons. It may be assumed, that in present conditions the reserves of grey mullets increased. They have mastered the aquatory of Northern Caspian Sea rather widely.

3.4. Caspian Seal

The reserves of the marine animal according to the specialists of KaspNIRKh now makes up 410 thousand pieces.

For the period since the middle of the 80s the population of seal has decreased by 110 thousand pieces. In the last three years (1997-1999) the catches of the seal were practically not conducted.

According to the data of the last aerial surveys (1986, 1989) the amount of sexually mature females emerging to the ice went down to 60-63 % from their amount in 1980-1985 (Khuraskin, Pochtoyeva, 1992). The major reason of such reduction is the high barrenness of females, i.e., the consequence of the reaction of the population on pollution of the Caspian Sea ecosystem.

The primary actions that need to be taken are the conducting of aerial survey and organization of seal catches at the level of 21,7 - 22,0 thousand pieces.

3.5. Conclusions

· The state of reserves of the Caspian marine fishes should be valued as satisfactory and stable.

· Long-term variations of this complex of the Caspian ichthyofauna, as well as other fishes of the basin, is intimately closely related to the natural-climatic and anthropogenic factors.

· The absence of marine catches does not allow realizing of the catch of marine herrings and grey mullet.

· The existing considerable reserve for an increase of marine fish catches is related to the necessity of development of new fishing gears, extension of ecological and biological studies on time-space dynamics of allocation of herrings, in particular.

4. The factors, which will probably be effective in the future if no actions are taken for their prevention.

One of the factors, which may be of crucial importance for functioning of the Caspian ecosystem is the oil pollution. The hazard is related directly to the oil pollution, as it is wide-scaled and acutely toxic. The numerous works have shown, that threshold amount of affecting concentration of oil hydrocarbons on the biota is 0,01 mg/l at the MAC of 0,05 mg/l.

The long-term studies conducted by the Azerbaijan scientists have shown, that exactly the oil pollution is the reason of abrupt decrease of general biological productivity and attrition of fish reserves of the Western shelf of the Southern Caspian (KasymovA.G., 1994; Salmanov M.A., 1999).

In spite of the fact that the Caspian Sea is being contaminated by oil products for a long time already, in the nearest future the scales of entering of oil hydrocarbons into the sea ecosystem can considerably increase in connection with deploying of marine oil extracting in all parts of the Caspian Sea.

The prime direction of drilling over of the seabed will be realized at the Apsheron threshold which is carving out the Southern part of the sea from the Middle and at the Mangyshlak threshold -the boundary between the Northern and Middle parts.

Thus, the industrial oil extracting will go on at the migratory paths of migratory and marine fishes, which can lead to disturbance of the existing natural process.

The entering of oil products into the marine environment will render negative impact on all complexes of fishes.

Dissoluble and the volatile components of oil hydrocarbons will be affecting the neiston, including ichthyoneiston (sprats). The heavy fractions of oil hydrocarbons settling on the see bottom, will affect the bottom biocenoses. The latter in the greater extent refers to the Northern Caspian Sea, the ichthyofauna of which is mainly represented by valuable benthovorous species of fish (sturgeon, semi-migratory etc.). The threat of degradation of the sea ecosystem is real and is obvious, therefore it is necessary to undertake proactive measures. The priority actions should include the development and adoption by the Caspian countries of the uniform special requirements of fisheries at conducting of exploration, retrieval operations and operation and maintenance of oil-wells.

In these demands the limitations on usage by the oil industry workers of highly productive water areas which are being the places of mass fattening or spawning of fishes, and also the order of recovery of wastes from oil productions etc., should be determined

Besides it is necessary to realize regular nature conservation inspecting of the water areas near to operating oil fields by the representatives of the Caspian states. In this problem the broad openness should be unfolded.

Summarizing of such ecological monitoring by the representatives of the Caspian states at special annual sessions should be realized, which should result into the worked out collateral recommendations for the nature conservation bodies of the Caspian states.

Besides it is necessary on the phase of prospect drilling to envision special compensatory measures at the level of possible damage to fisheries.

5. Legal framework, influencing the management of bioresources

The Caspian ecosystem, as a whole, is uniform and consequently the solution of common Caspian ecological problems, sustainable development and use of bioresources cannot be realized by effort of only one Caspian state. Their realization should be regulated by the legal international documents, which should be ratified by the supreme bodies of the Caspian states. These documents should encompass all sides of reproduction, use and protection of aquatic bioresources. The exploitation of reserves of the coastal regional ichthyofauna should be governed by that Caspian state to which it is referred.

It is seems justified, if all legal and normative documents referred to conservation and development of bioresources of the Caspian Sea will be formed in one parcel "The Agreement on conservation, use and protection of the Caspian Sea bioresources".

At the 1st stage it seems realistic to adopt the framework "Agreement" on the basis of which, during a set period time the document permitting actual management of bioresources of the Caspian Sea with involvement of the representatives of all Caspian states will be developed and approved. This document should be formed on following issues:

· Bionomics, protection of surface and ocean waters;

· Reproduction of bioresources (natural and artificial);

· Acclimatization of hydrobionts from other basins;

· Use of bioresources by the Caspian states;

· Protection of bioresources;

· Scientific support of separate blocks of the "Agreement";

· Regulation of use of the legal documents by the Caspian states;

· International cooperation;

· Control and a procedure of realization of the legal and normative documents.

At the end the "Agreement" should promote realization of formed by the Caspian states uniform "Concept" and «Action Plan» on conservation and sustainable development of bioresources of the Caspian Sea.

Now there exists a draft of the framework "Agreements...", which is not adopted yet, because of the absence of consensus about the status of the Caspian Sea as a geographic object.

The solution of this problem is considered the primary task in framework of CEP. With this purpose it is offered to establish a commission of experts on development of this document by the representatives of the Caspian states on the mutually acceptable ground.

The adoption of such "Agreement" will allow to conduct uniform, coordinated and mutually advantageous ecological policies on the Caspian Sea, without which it will be not possible to maintain unique bioresources of the Caspian Sea and its relic fauna in any Caspian country.

6. Recommendations for action on restoration of bioresources of the Caspian Sea (including the investment projects)

The held diagnostic analysis of the Caspian ecosystem has shown, that its state is determined by aggregate influence of the natural-climatic and anthropogenic factors. The former of them in the present conditions and in the immediate future (10-30 years) will develope favorably for forming of the bioresources. The anthropogenic processes negatively affect the ecosystem, but are in the phase of stabilization. However one shouldn't exclude the possibility of aggravation of the ecosystem's condition, if the marine oil pollution will be developed or the undesirable hydrobionts of the Ctenophora type will penetrate into basins.

By the end of the 20th century the structure of the Caspian Sea ecosystem has changed considerably on all trophic levels, mainly due to human impact, the species introduced from the Azov-Black Sea area became dominant in the plankton and zoobenthos composition.

Special composition of catches and their amount for the majority of fishes has strongly varied as compared to the first half of the 20th century. The basis of present catches is made up with pelagic fishes.

The reserves of the most valuable fish species (sturgeon, salmon) have abruptly declined and are supported mainly by their artificial breading.

In the rivers of the sea basin and immediately on the marine water area the poachers realize a catch of the most valuable species of fishes - sturgeon in the scales considerably exceeding the official catches.

The poachers' are well technically equipped, they are armed, have a network of resale of raw material and its transportation outside the limits of basin. In this case we deal with the organized crime and, probably, interdependent mafia structure.

After disintegration of the USSR a uniform fishery management system on Caspian Sea has ceased to exist.

Now there is no uniform concept of development of a fish economy for all of the Caspian states, no integrated system of measures on conservation and sustainable development of bioresources, their protection and scientific support.

In the past, all the Caspian states which were part of the USSR, had a uniform system of centralized management of fishery in the Caspian Sea, its financial security and support of scientific studies and catches, protection of bioresources.

There is no alternative to collateral support of fish economy in the Caspian Sea by the Caspian states, as only in this case it is possible to influence the conservation of bioresources in the whole basin.

In fact, the Caspian ecosystem is uniform, the anadromous species of fish master all or nearly all water areas of the Caspian Sea. Moreover, only by the collateral efforts of all Caspian countries the population of sturgeon fishes can be maintained and the potentially possible catches up to 50 thousand tons can be reached.

The first step in establishing of intergovernmental bodies of the Caspian states should become the adoption of the "Agreement on conservation and use of biological resources of the Caspian Sea". The prepared draft of the "Agreement..." can serve as a frame basis for adoption of the "Agreement..." on the basis of consensus of the Caspian states. The work on adaptation and coordination of the "Agreement..." can be started in the framework of CEP and the existing administrative structures.

As is known, the draft project of the "Agreements on conservation and use of biological resources of the Caspian Sea" encompasses the whole circle of problems, related t support offish economy in Caspian Sea. In particular, it envisions the rules of use and protection of bioresources, creation of a uniform system of reproduction of valuable fish species, development of uniform collateral scientific programs of studies, order of commodity export including sturgeon caviar etc. The "Agreement..." should become a legal basis of support offish economy in Caspian Sea.

The conclusion of the "Agreement on conservation and use of biological resources of the Caspian Sea" corresponds to the long-term concerns of all Caspian states and the mankind - as the Caspian ecosystem presents the world-wide value.

When dealing with problems, related to conservation and development of the Caspian ecosystem the ecological imperative should be observed, in the basis of which lays the principle of priority of biological life of the basin in its existing relic forms and iterated unique fish resources above other types of human activities (marine oil extracting, water transport, etc.).

For sustainable and rational development of use of biological resources of the Caspian Sea in framework of the "Agreement on conservation and use of biological resources of the Caspian Sea" the following problems are subject to be resolved by the Caspian states:

· Removal of contradictions and definition of priorities in use of bioresources between the Caspian states;

· Improvement of principles of allocation of biological resources between the Caspian states;

· Development of uniform solutions on protection of marine environment and biological resources of the Caspian Sea.

Thus, the establishment in the long term of the Highest Caspian Council for management of bioresources should promote organization and coordination of solution of macro-ecological problems affecting the concerns of all the Caspian states.

The priority tasks should include the adoption of a complex of sturgeon population conservation measures and development of sturgeon culture in the Caspian Sea in the long term. Some basic conclusions stream from the reviewed above diagnostic analysis on the state of population of sturgeon species:

· For conservation of heterogeneity of sturgeon populations and for receiving of rigorous producers for artificial reproduction it is necessary to provide natural reproduction in those rivers of the basin of the sea where these fishes go to with the purpose of preservation in them of phylogenetic adaptation;

· The artificial reproduction of sturgeons should be brought up to the scales of release of 150 million fries per year, at that the sturgeon culture can not be built on the "recruits", i.e. species ripening for the first time;

· The further work on rising performance of the factory sturgeon breeding at all stages of biotechnological process, including rising of the survival rate of fish fries in the sea is necessary; 

· The increase of the scales of fries release from the factory is only possible with the solution of technical problems, related to stocking up of the producers all year round;

· The conservation of sturgeons is impossible without struggle with the organized poaching.

· The last item is the key one for the solution of the problem of conservation of sturgeon population at a level of commercial stocks.

· The specialists of KaspNIRKh (see report of Vlasenko A.D. and co-authors) suggest a system of measures, which should provide protection of sturgeon from poaching, in particular:

· The governments of the Caspian states should prepare and realize the system of measures on strife with poaching - including introduction of the state monopoly on catches, processing and sale of sturgeon commodity, the way it had already been realized in Iran; 

· Limitation of the areas, time of movement, and also the power of motors of personal small sized fleet, engaging of the frontier troops and law-enforcement agencies to protection of fish resources. Such system of regulation of fishermen's operations is realized in the boundary areas of different seas, for example, on the Baltic sea, where it is customary practice of boundary check, which is quite applicable to the water area of the Caspian Sea as well;

· Establishment of International Caspian inspection on bioresources conservation.

It may be assumed, that the international organizations (TACIS, UNDP, etc.) should be attracted for the solution of this problem within the framework of performance of the international ecological program. Besides this process will be promoted by the toughening of international control over the export caviar within the framework of the Appendix 2 of the "Convention on International Trade in Endangered Species of Wild Flora and Fauna" (CITES).

Thus, the increase of stocks of the sturgeon is possible at performance of following conditions: augmentation of scales and efficiency of natural reproduction and factory cultivation of fries, abrupt reduction of the scales of poaching.

As it was indicated in chapter 3 (table 3.4.) the scales of natural reproduction of sturgeon fishes in the Volga River are going down and only for the past 3 years in relation to the period of 1991-1995 they have declined in 3,3 times. The similar phenomenon is observed and on the Ural River. In the other rivers of the basin (Kura, Terek, Sulak) - the entrance of fishes there is extremely small. The major reason of abrupt dropping of efficiency of natural reproduction of sturgeon fishes consists not in the unfavorable biohydrological regime of the rivers Volga and Ural, but in considerable decrease of admittance of sturgeon producers (first of all of females) to the spawning grounds in spring (Vlasenko and co-authors, 1999).

Therefore the prime and real task should become the increase of admittance of the producer sturgeons to the spawning grounds and their protection in the rivers of the basin, including the Volga and Ural Rivers.

In the proximate years it is improbable to realize the admittance of sturgeon females annually in optimal amount of 400 thousand females of the sturgeon, 110 thousand females of sevruga and 2,5 thousand females of beluga. However building-up of admittance of the producers to the spawning grounds should become the strategic purpose of contemporary sturgeon breeding.

The spawning grounds of sturgeon should gain the status of reserve or a status of strictly protected areas, with the applicable provision of their protection.

In the field of artificial reproduction, apart from building-up of scales of factory production of sturgeon fries, it is necessary to realize the measures on decrease of losses at all stages offish-breeding process.

The special attention should be given to the three main directions:

· To realize technical re-equipment of SBFs with the purpose of practically year-round stocking up of the producers on the basis of keeping them with the purpose of long-lived reservation of fishes. It will allow to extend the genetic pool of the stocked producers and to lengthen time frames of catches of fishes;

· To resolve (technically) the problem of management of the thermal regime at stages of receiving and incubation of impregnated roes and growing up of the larvae to the stage of exogenous feeding;

· To transport of the factory sturgeon fries to the marine pastures with the help of specialized vessels only.

In aggregate, on calculations of A.A. Kokoza (1999), it will boost performance factory sturgeon breeding in 2,5 - 4 times.

It is necessary to mark, that the solution of these technical problems can be resolved during the short term and will not demand a considerable capital investment.

The realization of technical re-equipment of SBF will allow to increase the release of sturgeon fries into the Caspian basin by 74 million fishes, whish in industrial return will constitute the augmentation of catches of these fishes by 7,1 thousand tons (Vlasenko A.D. and co-authors, 1999).

With the purposes of increase of sturgeon stocks in the Caspian basin, their sustainable and rational commercial use, protection and scientific support of operations it is necessary to conduct the following actions, developed by the specialists of KaspNIRKh (Vlasenko et al., 1999):

· To optimize the use of fluvial flow to the interests of a fishery on those rivers, where the sturgeon producers go to spawn. The regime of high water should ;    be approximated to its natural development in the years of the 50% of secure flow, but not higher than 75% of provision in the years with small water content.

· To do the reclamation of natural spawning grounds, if necessary to realize construction of new filled-up sandy-gravel artificial spawning grounds. To fulfill dredging operations on the main fish passage channels, thus providing the entrance of the producers to the spawning grounds.

· To take real measures on suppression of poaching in the sea and during spawning migrations in the rivers of the basin.

· To vest places of a mass spawning and fattening of sturgeon fishes with the status of reserved fishes, and forbid all kinds of economic activities in them which damage these fishes.

· To elaborate and unify the rules of fishery in the Caspian basin determining the basic withdrawal of sturgeon fishes in the rivers of basin, on the basis of scientific studies according to the general reserve of separate species of sturgeon and the amount of permissible annual withdrawal.

· To increase the efficiency of artificial factory cultivation of sturgeon fries and to provide its transportation to the marine pastures of high nutritional value.

· To realize increase of the scale of factory breeding of sturgeon fries up to 150 million pieces per year, by realizing technical re-equipment of factories in 2000 - 2005.

· Unconditional execution by the state nature conservation bodies of the measures, directed at quality control of fluvial and sea waters of the basin, use of necessary repressive measures against organizations guilty of polluting of the basin.

· To realize the solution of all nature conservation measures on reproduction, commercial withdrawal and protection of sturgeon species within the framework of intergovernmental agreements regulating the execution of all these problems.

At execution of all necessary measures for reaching of potentially possible catch of sturgeon at a rate of 50 thousand tons, the contribution of each state to the scales of reproduction of sturgeon fishes and OflY for the Caspian countries can be the following, table 6.1.

The strategy of solution of the problems of contemporary sturgeon breeding lies in correction of theoretical provisions, scientifically justifying conservation and, later, development of sturgeon ecomomy in view of modern ecological, socio-economic and geopolitical realities.

Table 6.1.

Scales of natural and artificial reproduction of sturgeon fishes in the Caspian basin for the Caspian countries in the long term.

(without Iran), thousand tons.

Sea regions


Volga-Caspian


Ural-Caspian


Dagestan


Kura-Kaspian



Natural reproduction


10


10


-


-



Artificial reproduction


20


3


2


5



Ofly


30


13


2


5



Within the framework of this stage the Concept on conservation of rare and threatened species and separate populations of sturgeon and products made of them in view of a long-time outlook should be developed.

It is necessary at this stage to conduct complex ecosystem studies including ecological-toxicological works, the state of feeding base, definition of the number and age structure of sturgeons, their spatial distribution. The expeditions should encompass all water areas of the sea, including regions of the Azerbaijan and Iran coasts. These studies will allow at the second stage to update primary actions on conservation of sturgeon fishes, and also the "Concept", which should later be adopted by all Caspian states.

Only by collateral efforts of the Caspian states it will be possible to maintain and to increase the reserves of sturgeon. This is a difficult, but feasible task, since in the second half of the 20th century the major scientific and practical backlog for the solution of this problem is realized. The sturgeon can become delicacy not only for the rich people, as remarked the great Russian oceanographer N.M. Knipovich, but also for celebratory table of the simple man of every Caspian of country. The motto of sturgeon conservation should be as such: "We shall preserve the relic sturgeon fishes for the nature and man".

The problem of conservation of salmon fishes is even more acute. There were major difficulties with stocking up of the producers. It is complicated by large scale of poaching, in particular in the rivers Volga and Kura.

It is necessary to mark, that the biotechnology of breeding of these fishes is well developed and requires only the applicable hardware permitting to catch and to contain the producers in shops of a long-lived withstanding. In opinion of the specialists of KaspNIRKh the supply of stocking of the producers will allow to extend the scales of reproduction of this fish.

In particular, for the white salmon (inconnu) it is necessary to increase the release of fries to marine pastures till 10-15 million fishes per year to provide a stable conditions of catches.

It is necessary to consider the scales of such breeding of white salmon (inconnu) sufficient for stage 1, then it will be possible to update the further sizes of reproduction of this fish.

As well as with the sturgeon species, there is an acute problem of struggling with poaching. Especially it refers to the Western coast of the Middle Caspian Sea and the lower current of the Volga River. This problem can be carried out simultaneously with protection of sturgeon fishes.

There is even more acute problem with reproduction of the Kura salmon. Due to lack of producers it is necessary to forbid the catches of this fish for 4 years and use the caught producers only for the fish-breeding purposes. To prolong growing up period of the salmon fries in marine cage$ with the purpose of rising of commercial return and expansion of the scale of artificial reproduction of this valuable fish.

The state of reserves of bony fishes, as a whole, we value, as rather stable. The further augmentation of reserves of these fishes can be reached only as a result of improvement their natural reproduction.

The possibilities of management of watering of spawning grounds and freshening of river mouth areas of the rivers are rather limited, since the existence of HPS predetermines the necessity of flow regulation.

Nevertheless within certain limits, it is possible to optimize a regime of of water drawdowns in lower reaches of the rivers. The present scientific developments in watering regime are carried out for the rivers Volga and Terek. It is necessary annually to achieve the greatest possible allocation of water for fishery purposes in the rivers of the basin, in view of the water content of each concrete year.

With the purpose of rising of efficiency of natural reproduction of bony fishes it is necessary annually to conduct reclamation measures, which include:

· Reclamation of spawning grounds; including incoming watercourses;

· Conducting of dredging operations on the fish passage channels;

· Exercise of reclamation operations (cutting of hard and soft vegetation, harrowing) in the kultuk area of the deltas of the rivers of the basin.

· It seems justified to return to the solution of this problem with the help of fishes -reclamators (white amur). The positive effect was obtained in the 70s on the supplementary water bodies of the Terek by the employees of the Dagestan office of KaspNIRKh;

· To unfold operations on factory breeding of pike-perch and, probably, of wild carp, and in Dagestan and Azerbaijan - the expansion of scales of cultivation of kutum roach.

It is necessary to mark, that the rise of catches of some fishes, as, for example, of the Caspian roach can be reached by variation of the size of the mesh in seines. Presently the Caspian roach is basically is caught at the age of 5-6 years old, amounting to more than 80% of the age series (ChernjavskyV.L, 1999).

It is necessary to optimize the catches, with the purpose of catching of younger age groups, therefore V.I. Chernjavsky considers, that the catches should start with 3 year olds. To such regime of commercial catching of the spawning flock of the Caspian roach should correspond the mesh in seines, equal to 27*30*40 mms.

In this case the catches of the Caspian roach should increase at not less than 30%.

In view of above named measures it is possible to achieve not only the conservation, but also the increase of stocks of bony fishes. Same as the sturgeon, bony fishes require the increased protection especially pike-perch, Caspian roache, wild carp, white salmon (inconnu) and catfish.

The problems of exploitation of marine fishes are related on the one hand to the absence of catches of such valuable species of fish as herrings, grey mullets (in all the Caspian states, except for Iran), on the other - the heightened commercial load on only wide scale used specie - the anchovy-like sprat. There is a necessity of putting off of such load from the anchovy-like sprat, at the expense of expansion of commercial withdrawal of other marine fishes.

One of such approaches is the use of new fishing gears, in particular, on-board grabber (crown runner), which allows to catch all three species of sprats.

For catches of herrings and grey mullets no fishing gears are designed as yet permitting to escape the supplementary catches of sturgeon fishes.

It is one of the main problems of the increase of commercial catches in the Caspian Sea.

As the first stage of solution of this problem it is necessary to recognize the necessity of development of the Concept of exploitation of marine fishes of the Caspian Sea. In this Concept the relevant attention should be given not only to the procedures and scales of commercial withdrawal of marine fishes, but their bionomics, behavioral reactions, time-space allocation of adult fishes and their fries, contingency (or its absence) of places of fattening with the sturgeon (fishes?)

After that it will be possible to proceed to the second stage of the solution of this problem - the development of methods and areas of catching of marine fishes.

In the proximate years this problem will be very acute, since the building-up of sprat catching (on the basis of predominant use of only one specie - the anchovy-like sprat) has a limited reserve. There is an acute problem on coordination of the Caspian countries on the amount of catches of sprats, including Iran.

It is apparent, that this problem should also be reviewed in the Concept and discussed at the intergovernmental Commission on bioresources.

Thus, in the strategic action plan (SAP) as the first stage it is necessary to recommend the development of the Concepts on sustainable development of separate species of ichthyofauna of the Caspian Sea (in blocks), with definition of concrete series of steps of its realization and economic substantiation.

At the same time it is necessary to fulfill complex surveys updating the reserves of bioresources in the aquatory of the whole sea, including food base for fishes and ecological studies (hydrology, hydrochemistry, microflora, toxicants). At conducting of works it is necessary to include the studies describing the qualitative state of sturgeon and other fishes.

As the near-term projects submitted for review to the Briefcase of the Priority Investments (BPI) it is necessary to include following:

· To elaborate the "Concept of conservation and development of a fish economy in Caspian Sea in the conditions of expansion of marine oil extracting", to realize complex ecosystem surveys of the Caspian Sea, with the purpose of obtaining more precise information of the reserves of commercial fishes. To develop and to introduce the estimation of reserves of fishes with the help of hydroacoustic methods;

· To conduct renovation and capital repairs of 7 sturgeon breeding factories in the Volga delta, 2 fish-breeding factories in Dagestan and Azerbaijan;

· To realize building of 5 vessels for transportaion of alive sturgeon fries into place of fattening in the Northern Caspian Sea;

· To fulfil renovation of several fish passage channels in the Volga delta (Kirovski, Gandurinski, Igolkinski, etc.), to conduct land reclamation of Kubyakinski bank in the delta of Terek, to renovate the fish passage channels in the deltas of the rivers Ural and Kura; 

· To conduct reclamation of natural spawning grounds of sturgeon on the area of 150 hectares and of semi-migratory fishes on the area of 220 thousand hectares in lower reaches of the Volga;

· To complete renovation of Nizhneterski and Karakolski spawning and growing water bodies in the delta of the Terek;

· To form on the basis of the isolated Southern part Agrakhanski bay the spawning and growing water body;

· To renovate salmon breeding factories and spawning and growing facilities on the Kura River;

· Legally formalize as reserved areas or reservations the spawning ground of sturgeon and mouth areas of the rivers of the basin, with the permission of conducting there of scientific and research works and operation of water transport;

· To increase the scales of cultivation of kutum roach on the basis of Sulak sturgeon breeding factory, Samur spawning and growing facility and Novobiryuzyakski hatchery; 

· To elaborate new rules of marine fishery in the Caspian Sea with consideration \  for the interests of the Caspian states;

· To fulfill biological-economic evaluation of renovation of catches of traditional commercial species of fish (Caspian sprat) and iterating of catches of unused or not enough used marine objects (marine herring, grey mullet);

· To elaborate uniform complex intergovernmental programs on study and use of marine bioresources of the Caspian Sea;

· To give an estimate of stocks and the present state of the population of seal on the basis of conducting aerial photography and to elaborate biological-economic evaluation and the system of measures on iterating of catching of the Caspian Seal;

· To elaborate and to introduce the ecological requirements, uniform for of the Caspian states at oil extraction in the Caspian Sea, with exercise of monitoring of marine biocenoses during the whole period of prospecting, boring and exploitation of a well. To determine the paths of minimization of damage to marine bioresources, which will be implied during oil production, to elaborate compensatory measures.

All this large amount of the investment proposals is subject to expertise and economical estimation, which should be conducted by the representatives of the Caspian states. The reality of implementation of the separate projects is adjusted on the basis of emanating of financial assets by state bodies of the Caspian states and international organizations.

�








1 Chastik - a "fine-mesh" fish species of small commercial value, as opposed to the "red" fish species -sturgeon, salmon and other highly valuable fishes.
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