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1. INTRODUCTION

Caspian Sea is a unique closed natural water body, largest on the planet. Its square is around 400 th km2, maximum depth are more than 1000 m., but for the major part of the sea (around 70 %)the depth is up to 200 meters. Presently the level of the sea is 27 meters below ocean level and is characterized by significant amplitude of oscillation (more than 3 meters in past century). Caspian is a saltish water body (its salinity is 3 times lower than the world ocean) with ion –saltish water composition differing from the ocean one. The square of sea drainage area is 3.5 mln km2, and 80% of river drainage to the sea is brought buy Volga river. Sea costal line is 6700 km. And 1460 km is Russia’s coast.

The catch of different bioresources is undertaken in the Caspian Sea (the sea is one of the leading ones in the world in terns of productivity) and first of all- unique resources of sturgeon, also activity is undertaken for exploration and production of rich oil and gas fields. Caspian plays an important role in transportation links and has large recreation capacities, some valuable specially protected natural territories and water bodies are located here. Severe anthropogenic load on Caspian ecosystem is significantly intensified by natural fluctuations of its level.

Due to its rich resources coastal zones all over the world are historically one of the most exploited areas. Presently, around 60% of Earth population leaves in 60 km coastal zone. Conflicts related to intensive use of coastal resources inevitably lad to intensification of social and economic development problems. Problems of multiple jurisdiction and competition among users of the resources with the absorbance of conflict resolution mechanisms, non-adequate ways of resources protection and also absence of federal and local policy of coastal zone management and development lead to the loss of sustainable development capacity.  

That is why the integration of nature use with modern management practices plays a key role for successful socio-economic and sustainable environmental development of the countries and regions. In this respect methodology for integral coastal zone management (ICZM) was developed in foreign countries during last 30 years and it represents an economical and legal mechanism for harmonization (in the market conditions) of numerous controversial interests of coastal nature users. On the 1992 UN Conference on environment and development in Rio-de-Janeiro the countries with the access to the sea were recommended to develop and implement ICZM programmes in accordance with their conditions. In the recent decade the interest towards ICZM became global. Presently more than 90 countries implement more than 180 ICZM programmes. Such approach allows transforming high level of sea sciences development and extensive knowledge of the coastal zone directly to social economic achievements of coastal regions in a most effective manner. ICZM methodology is seen as the most advanced up-to-date approach towards implementation of sustainable development concept. 

Caspian Environment Programme (CEP), being a regional umbrella programme established by Caspian countries and led by international agencies, considers as an important task. One of the first tasks of CEP Caspian regional thematic center for integral transbaundary coastal area management planning (CRTC ITCAMP) is preparation of Caspian coastal area survey. This paper is dedicated to the coastal profile of Russian Federation, the coastal length of which is 1460 km. The border of administrative districts adjacent to the sea was taken as a land border of coastal zone. Special attention is paid to the coastal area of Republic of Kalmykia represented by Lagan district where the pilot project on testing of draft Guidelines for coastal planning will be implemented on the next stage of work of CRTC ITCAMP.

2. PHYSICAL AND GEOGRAPHICAL COASTAL PROFILE

2.1. Borders

Borders of Caspian coastal area are identified from one side by administrative division of Russian Federation hat includes three of its subjects- Dagestan Republic, Republic of Kalmykia and Astrakhan oblast, and form the other side, by the borders of relevant natural processes. The most typical process characterizing the coastal area is interaction of land and sea. It varies in time and space. For the last 10 thousand years the level of Caspian oscillated between absolute altitudes –20 and –30 m. Total length of Russian Caspian coast is 1460 km and in relation to the present level of Caspian (-27 m abs) the area of sea impact can change from 7 m over the modern shore line to the depth of around 15 m, where bulge forming role of waves and river flows is significant.

2.2. Climate

Coastal climate is temperate continental, on the south transforming to subtropic, dry, with hot summer and relatively mild winter. Yearly sum of radiation balance is 3500-3900 MJ/m2 per year. Air mass with continental characteristics are prevailing – relative humidity up to 60-70% in summer and 70-80% in winter.

For Northern part of Caspian January is the coldest month, June is the warmest one. Average monthly temperature in January is from –6,8 to 1,4 (C. Duration of frost period reduces from north to south and from east to west. Largest yearly range of air temperature is observed over north-western part of the sea (25-27(). Longest duration of period when average daily air temperature is below zero constitutes 113 days for Astrakhan and 100 days for Iskustvenniy island.

In winter Northern Caspian is covered by ice. During sever winters the whole water area of Northern Caspian is covered by ice, which sometimes stays from November to March. During mild winters the thickness of fast ice is 35-40 sm., during sever winters- 70-90 sm. Southward the fast ice is not formed, but for instance in Makhachkala area during sever winters with continuous and strong south-eastern winds broken ice can form thick mass with 5-6 m. thickness. Astrakhan raid and area of Chechen, Tuleniy islands are characterized by large hummocking where 3-6 m. ice conglomeration can be observed. 

Wind activity in northern-western and western areas of Caspian Sea varies. The area of Makhachkala is referred to as the stormiest. South–eastern and eastern winds prevail here in summer, and western and northern western in cold period. Average yearly wind speed is 5/6 mps, strongest monthly-7,6-8,7 mps. Storm winds with the speed of more than 15 mps can be observed along the whole coast. In Kalmyk-Astrakhan area they are most often in April, and in Dagestan – in March.

The growth with reduction of width is relevant for spatial distribution of precipitation from north to the south along coast from Astrakhan up to Derbent. The annual amount of precipitations in the area of Astrakhan (208 mm) is approximately 2 times less than in Makhachkala and Derbent . At the cost two maxima of annual precipitations are observed: in September- November and June.

The average number of days with a steady snow covers in cities of northern and southern areas of coast changes within the limits of 43-18 days. At the Dagestan coast the snow cover is not formed in more than 50% of winters. 

2.3. Hydrology of rivers 

2.3.1. General information on rivers

The drainage of four large rivers (clockwise) enters the Russian part of Caspian coastal zone: Samur (river bordering with Azerbaijan), Sulak, Terek and Volga. Lengths of the rivers and areas of their basin are following: Samur- 213 km and 7.73 thousand km2, Sulak-169 km and 15.2 thousand km2, Terek – 623 km and 43.2 thousand km2, Volga- 3530 km (after construction of water reservoirs cascades) and 1360 thousand km2. The water regime of Samur, Sulak and Terek is related to Tien Shan type, which is featured by summer high water complicated by flood and Volga – to the East Europe type with a spring high water, summer and winter mean water and autumn high waters.  (7).

2.3.2. Drainage of water, sediments, salts and its change over years.

The drainage of all rivers was impacted by antropogeneous influence (tab 2.3.2.1.). Due to increase of water scoop the drainage of Samur water ahs notably reduced; due to losses from a surface of Chirkeysk reservoirs (constructed in 1974) the drain of Sulfik water has decreased slightly; in relation to expansion of irrigation areas the drainage of Terek water slightly reduced in the basin. In Volga drainage regime one can mention three main periods: period of a conditionally natural drainage (till 1956), period of filing o f large reservoirs (1956-1960) and period of regulated regime (after 1960). Despite the large volumes of irrevocable losses of drainage in Volga basin (up to 30 km3/year during filling of reservoirs, 24 km3/year presently) the natural fluctuations of river water content notably block antropogeneous influences on the drainage. The example is increased drainage of Volga in 1978-1993 (Tab. 2.3.2.1).

The drainage of alluviums of all rivers has decreased, specifically for Sulak after a construction of Chirkeysk reservoir and for Volga after construction of Volga-Kamsk cascade of reservoirs (tab. 2.3.2.1).

There is not enough data on drainage of dissolved substances (salts and pollutants) for identification of long term trends.  Average mineralization of Volga water totals for 300 mg/l. Annually 22-160 thousand tons of oil hydrocarbons, 220-1900 tons of phenols, 620-3500 tons of organic substances, 1.0-5.7 thousand tons of copper, 0.2-15.3 thousand tons of zinc enter delta of Volga with river water (18).

2.3.3. Annual fluctuations of water drainage

The drainage of rivers’ water is distributed irregularly within the year (tab. 2.3.3.1). For Sulak the main share of water drainage occurs in the period from May till August (64%). After construction of Chirkeysk reservoir this share was reduced to 42%.  For Terek 54 % of the annual water drainage occurs also in the May –August period. For Volga in conditionally natural conditions (till 1956) during a high water period (May -June), 42% of annual water drainage occurred, and during winter months (December-February) 3-4 % of an annual drainage occurred. After the regulation of the river share of Volga drainage in a high water has decreased to 33%, and a share of each winter months increased up to 6-7 % of an annual drainage (tab. 2.3.3.1). 

The drainage of alluviums is distributed within one year more regularly than drainage of water.

     Table 2.3.2.1. Averaged values of river water, alluviums and salts drainage on [5, 7, 18]

	River
	Hydronage
	Period
	Drainage of water, km3/py
	Drainage of weighted alluvium, mln of t.per year
	Average turbidy water g/m3
	Drainage of salts mln.t. per year
	Average water mineralization mg/l

	Samur
	-
	1930-1957


	2.60
	-
	-
	-
	-

	
	
	1966-1980


	1.63
	4.7
	2880
	-
	-

	Sulak
	Sulak settlement
	1957-1974


	4.54
	13.5
	2970
	-
	-

	
	
	1975-1989


	3.53
	1.64
	465
	1.5
	420

	Terek


	Kargalinskaya st
	1930-1985
	8.40
	15.1
	1800
	-
	-

	Volga
	Verkhnee lebyajye v.
	1881-1955


	245
	-
	-
	-
	-

	
	
	1950-1955


	233
	13.6
	58
	-
	-

	
	
	1956-1960


	232
	11.5
	49
	-
	-

	
	
	1961-1970


	228
	7.4
	32
	-
	-

	
	
	1971-1977


	195
	4.5
	23
	-
	-

	
	
	1978-1993


	262
	8.4
	32
	-
	-

	
	
	1961-1993


	242
	7.3
	30
	631)
	2701)


    Notes: 1) for 1951-1975 .; 2) here and after dash means absence of data.

Table 2.3.3.1. Annual distribution of rivers’ water drainage (in % of yearly) on [5, 7, 18]

	River


	Hydronage
	Period
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	год

	Sulak
	Sulak settlement 
	1957-1974


	2.7
	2.7
	2.9
	6.3
	15.0
	19.3
	18.6
	11.5
	8.3
	5.8
	3.8
	3.1
	100

	
	
	1974-1989


	8.1
	8.1
	6.0
	5.2
	8.1
	12.2
	12.7
	9.5
	6.5
	5.9
	7.9
	9.8
	100

	Terek
	Kargalinskaya st
	1930-1985


	4.2
	4.2
	4.9
	6.0
	9.1
	14.1
	16.5
	14.6
	9.6
	6.6
	5.4
	4.8
	100

	Volga
	Verkhnee Lebyajye
	1950-1955


	3.6
	4.1
	4.6
	7.7
	21.4
	20.7
	10.0
	6.2
	5.1
	6.6
	6.9
	3.1
	100

	
	
	1956-1960


	4.9
	5.8
	7.4
	8.7
	18.9
	20.2
	7.7
	6.1
	5.4
	5.5
	5.3
	4.1
	100

	
	
	1961-1999


	6.1
	6.1
	7.7
	8.1
	19.8
	13.4
	7.1
	6.5
	6.0
	6.2
	6.2
	6.8
	100


2.4. Hydrology of the sea

2.4.1. Water balance


The main contribution into inflow part of Caspian Sea water balance is brought by drainage of rivers’ water (about 80 %), and into the expenditure part-evaporation from a surface of the sea (tab. 2.4.1.1). The total drainage of all rivers entering Caspian Sea averages for about 300 km3/year (80% for Volga, 6% for Kura, 3 % for Terek, 2% for Ural, 1.5% for Sulak, 0.5 % for Samur, 7% for the small rivers of Iran, Azerbaijan and Dagestan) [4]. Thus, 84.5% of rivers’ drainage into the sea and 68% of inflow part of water balance (64% is input of Volga) is a share of russian  rivers (Sulak, Terek, Volga) [7]. The data of calculations (tab. 2.4.1.1) testifies that the main reason of change of resulting water balance is fluctuations of a drainage of rivers water.

Table 2.4.1.1. Average annual constituents of Caspian Sea water balance on [1, 4, 10,11]

	Period and its duration (years)
	Inflow, km3/year
	Outflow, km3/year
	Resulting balance km3/year sm/year

	
	River drainage
	Ground drainage
	precipitation
	evaporation
	Drainage to Kara-Bogaz-Gol
	

	
	
	
	
	
	
	

	1900–1929 (30)
	332.4
	5.5
	69.8
	389.4
	21.8
	–3.5

–1.0

	1930–1941 (12)
	268.6
	5.5
	72.9
	394.8
	12.4
	–60.2

–15.4

	1942–1969 (28)
	285.4
	4.0
	74.1
	356.3
	10.6
	–3.4

–0.9

	1970–1977 (8)
	240.5
	4.0
	87.6
	374.9
	7.1
	–49.9

–13.8

	1978–1995 (18)
	315.0
	4.0
	86.1
	348.7
	8.6
	47.8

13.6


2.4.2. Water level

The change of a level of the Caspian sea in palaeotime and in the historical period, as well as for instrumental period of measurements since 1830 is closely connected to fluctuations of global climatic conditions, and also recently to the influence of human activity on water balance.

The changes of a level of the Caspian Sea for last 10 thousand years specify that its amplitude can reach more than 25 m ( for last 3 thousand years about 15 m). The average supercentury level is close to the mark of 25 m abs. (fig. 2.4.2.1)

The most complete reconstruction of historical changes of a level of the Caspian sea (2,5-3,0 thousand years), on the basis of the basis of the various historical documents and archaeological data, and also materials on restoration of hydroclimatic conditions for various time intervals allows to present them with accuracy up to one decade. 
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Fig. 2.4.2.1. A curve of fluctuations of a level of the Caspian sea for last 10000 years. Figures in circles below are the numbers of the most precisely expressed stages of newcaspian transgression identified by geo-morphological analysis [14].

The long-term fluctuations of the level in the Russian part of coastal zone of the Caspian sea in XX century solidly reflect the data of instrumental observations in Makhachkala (fig. 2.4.2.2, tab. 2.4.2.1).
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Fig. 2.4.2.2.  Changes of Caspian Sea level (Makhachkala) for 1900-1999

Table 2.4.2.1. Changes of Caspian sea level (Makhachkala) in XX century

	Period
	Level, m BS
	Change of level for period,sm
	Average intensity of level change, sm/year

	
	Beginning of period
	End of period
	
	

	1900-1929


	-25.57
	-25.88
	-31
	-1.0

	1929-1941


	-25.88
	-27.84
	-196
	-15.1

	1941-1977


	-27.84
	-29.01
	-117
	-3.2

	1977-1995


	-29.01
	-26.66
	+235
	+12.4

	1995-2000


	-26.66
	-27.08
	-42
	-7.0


5 periods are clearly notable in fluctuations of a sea level for 1900-2000 [10, 11]: 1900-1929- weak downturn of a level; 1929-1941- sharp fall of a level; 1941-1977 – slow decrease of a level; 1977 –1995 – fast and significant increase of a level; 1995-2000 – slow decrease of a level.


During 1929-1941 the average intensity of level fall has made 15.1 sm/year, during 1977-1995 the average intensity level rise was equal to 12.4 sm/year. For the 100-year’s period highest average yearly level was observed in 1903 (-25.55 m BS), and lowest in 1977 (-29.01 m BS)


Thus, the range of charge of average annual changes of Caspian level in XX century has made 3.46 m.


The main reason of long-term changes of Caspian Sea level is natural (and partially anthropogenous) fluctuation of rivers drainage (tab. 2.4.1.1) and first of all of Volga (tab. 2.3.2.1) [1,4,7,10,11]


Annual fluctuation of Caspian Sea level  (tab. 2.4.2.2.) are insignificant. The range of change of average monthly levels usually makes 25-40 sm. Highest levels of water are usually observed in June – July (on the average  - 1 month after a high water on Volga), lowest – in November – February


Tidal fluctuations of level are greatest in Northern Caspian (in Kizlyar gulf and on a seashore of Volga). Extreme pileup was fixed on November 10-13, 1952 (on a backround average annual sea level – 28.12 m BS, i.e. is lower than a level of 1999 for more than 1 m). During storm eastern and southern winds with speed more than 15-18 m/s (with impulses up to 40 m/s) the level of water at western coast of Northern Caspian has risen on the average on 3.0-3.5m, and in shoal zone of Volga mouth seashore – 3.0 m. On Bryanskaya kosa posts the level has risen on 3.5 m, on Tuleniy isl.-on 3 m, Kaspiyskiy (Lagan) – on 4.2 m, Kochubey settl. (Kizlyar gulf) – on 3.7 m, Jestkiy isl. – on 1.5 m, at the sea edge Volga delta – on 1.6 m [1,18].  Pileup rise of the level has distributed into Volga for 600 kms, at Astrakhan the increase of the level was 0.4 m. The area of land flooding has totalled for 17 thousand km2. According to calculations the repeatability of this pileup- I time per 150-200 years [1, 18].


Data on extreme pileups (besides pileup in November, 1952) on Northern Caspian are presented in tab. 2.4.2.3.

Table 2.4.2.2. Annual change of Caspian sea level (Makhachkala) For separate years and periods

	Year
	Average yearly level, m BS
	Deviation of average monthly level from average annual, sm
	Range of change of average monthly levels, sm

	
	
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	

	1995


	-26.66
	-8
	-15
	-5
	-3
	-1
	17
	19
	20
	3
	-8
	-10
	-11
	35

	1997


	-26.95
	-13
	-5
	-5
	2
	3
	14
	14
	3
	6
	-6
	-14
	-6
	28

	1999


	-27.00
	-9
	-4
	5
	0
	6
	23
	19
	4
	-7
	-16
	-17
	-5
	40

	1956-19851)


	-
	-13
	-12
	-10
	-2
	8
	18
	19
	13
	3
	-6
	-10
	-10
	32


Note: 1) according to for 19 posts on coast of the Caspian sea [18].

Table 2.4.2.3. Greatest pileups in Northern Caspian (without pileup of 1952) on [18].

	Location
	Period
	Greatest size of pileup, sm (year)

	Biruchya kosa
	1892-1945
	232 (1944)

	Kaspiyskiy (Lagan)
	1935-1949, 1976-1990
	197 (1945)

	Bryanskaya kosa
	1940-1958
	159 (1946)

	Tuleniy isl.
	1937-1990
	139 (1981)

	Iskusstvenny isl.
	1941-1991
	140 (1991)

	Chistaya Banka isl.
	1941-1958
	205 (1941)

	Ukatniy isl.
	1951-1964
	116 (1957)


Pileups at the Dagestan coast do not exceed 0.7-0.8 m. At the modern increased background sea level (about-27.0 m BS) the danger of pileup phenomena is increasing, especially in western part of Northern Caspian.

The sizes of set-downs are much less, than pileups. In Northern Caspian they do not exceed 1.5 m, at the Dagestan coast – 1.0 m [1, 18].

Most frequently both pileups and set-downs in the Russian part of a coastal zone are observed in the late autumn and winter.

2.4.3. Flows

The wind currents, and closer to river deltas – drain currents, prevail in the Russian part of a coastal zone of the Caspian Sea.

Cyclonic circulation of waters is generally specific for the Caspian Sea.

At the Dagestan coast from Samur mouth up to Astrakhan a peninsula steady southeastern alongshore currents are observed [1,4].

The circuits of currents in shallow Northern Caspian are more complex. In Northern Caspian on the average in 70% of cases drift wind currents are shown, in 12 % of cases gradient currents caused by tidal fluctuations of level are noted, 18% of cases are related to weak unstable currents.

The direction of wind currents in Northern Caspian is basically defined by direction of wind [1,4, 18]. The wind currents focused lengthways isobath prevail. So, in average depth zone of Volga mouth seashore currents caused by winds from north, northeast, east and southeast, have the basic component on west and southwest (repeatability 27%); the currents caused by winds from a southwest and northwest, have the basic component on east and northeast (17%). Western and southwest currents turn along western coast of Northern Caspian, creating general transfer of waters to the Middle Caspian.

During calm drain currents from sleeves of Volga delta are basically directed to SSE. In other cases drain currents, as weaker ones, follow the wind current.
2.4.4. Water temperature

Temperature of sea water at Dagestan coast is rather homogeneous and has precisely expressed seasonal changes. Lowest temperature of water is observed in February, highest – in August [1]. In superficial layer in February the temperature of water is equal to 3 – 5 C0; in April it raises up to 9 – 10 C0; in August it reaches 24 C0; in October it is reduced to 15-16 C0.

In Northern Caspian distribution of water temperature is more irregular [1, 4, 18]; contrasts between temperatures of river and sea water have an effect here.

In the spring, after deicing of water area temperature of water on surface reaches 9-12Co. In the summer, at maximal warming-up of sea surface, temperature of water on the average changes from 25 (near to sea edge of Volga delta) to 23 C0 (on border with Middle Caspian). In the autumn the spatial gradients of temperature are directed, on the contrary, towards delta: on border with Middle Caspian temperature of water makes 16-17 C0, and at sea edge of delta – only 11-12 C0.

2.4.5. Salinity of water

At Dagestan coast the seasonal variability of water salinity is insignificant [1]. On the surface salinity of water makes about 12% (in April), 11-12% (in August) and 9-11% (in November). In a narrow strip, where Sulak and Terek enter the sea, salinity of water reduced to 1-5%.

Picture of distribution of water salinity in Northern Caspian is more complex [1,4, 18]. Here, salinity field gives reaction to seasonal, and long-term fluctuations of Volga drainage.

All shoal zone of mouth seashore is occupied by fresh waters. In average depth zone salinity of water in a superficial layer is rapidly increasing southwards and southeastwards.

In the spring (April) water salinity changes from 1-2 % on border of shoal and average depth zones of mouth seashore up to 12% on border with Middle Caspian. In the summer (June, period of a high water on Volga) this range of water salinity change decreases from 1-2 to 9-10%. In August and October the water salinity field is similar to April.

During high water on Volga the main transfer of desalinated waters to the Middle Caspian is usually directed along western coast [1].

There is a feedback of Northern Caspian waters salinity and water drainage of Volga [4]. At annual volume of Volga drainage 260 km3 average salinity of water makes 6.7%, at volume of drainage 240 km3-8.3%, at volume of drainage 220 km3-9.2%, at volume of a drainage 200 km3-10%.

2.5. Geology and Seismics

In geological respect the coast  is characterized by various structural conditions, originality of palaeographic development. All northern coast and shoal of Northern Caspian adjacent with it is located within limits of Caspian syneclise of Russian platform-territory of steady long depression, salt-dome tectonics and powerful thickness of newest pliocene-quarternary formations. Billowlike structures of epigercian Scythian-Turan platform are located southwards of a deep break, limiting a hollow.

The Dagestan coast and western part of Middle Caspian are located in the zone of the North-Caucasia progressive flexure of Caspian rugosity, filled by 8-10km thickness of meso-neozoic formations dislocated in plications and broken by explosive infringements. The coast is located in seismic activity zone, stretched by a wide strip along coast of the Caspian sea. The centres of strong earthquakes which are settling down on various depths are connected to this zone. Very strong, accompanied by dramatic consequences, was the Dagestan earthquake of 1970-the strongest for last 70 years on Caucasus, it reaches 9 numbers on MSK-64 scale and caused sharp energezation of landslide processes. The centers of large earthquakes are related to area of articulation of various blocks of earth’s crust in a frontal part of the Dagestan wedge with the increased activity of newest and modern tectonic movements.

The modern Caspian coast is almost fully combined of friable quartenary formations. The outcrop of native rocks-sarmat lime stones and upperkhazar litho-field conglomerates is noted only within the limits of coast of seaside Dagestan.

The general deficit of derelictions in the coastal area that started even before the beginning of the modern transgression promotes also the erosion of coasts, which only deepened it. The deficit of derelictions is happening quite thanks to human’s activity (the impressments of the sand from the beaches, water pollution and depression of benthos organisms, the reduction river flow.  For example, the flow of Samur river, one of the three main sources of terrigenous material, only recently was about 17 mln ton/year, but it has now reduced to 12-4,7 mln.ton/year. 13,5 mln. ton/year was arriving through Sulak before the Chirkey Hydroelectric Power Station (1974), however it reduced to 1,64 mln.ton/year by the time the construction was completed. The prints of the erosion have been registered in the delta of Samur river, where 20-40 meters of the coastal area was washed-out within one year only (1988-1989). All in all 300 meters of coastal area has already been washed-out. Thus, the erosion due to the latest raising of the sea is not compensated by the hard river flow even in the areas close to the mouth of the river.   
Long-term coastal researches proved the existence of the general alongshore current of the derelictions from the mouth of Samur river to the distal end of Agrakhan spit on the basis of the mineralogical and geomorphologic data. The use of alongshore current of the derelictions in not equal in its different parts and varies between 70 to 110 thousands cubic meters per year (in front of Bashli, by the Caspiysk mole), and between 200 and 300 thousands cubic meters per year (nearby Makhachkala).      

In the southern part of the Russian coast (within the limits of the piedmont Dagestan) the continuation of the wave dereliction of the shores and, somewhere, their passive sinking without visible decrease of the speed of the land loss, matched the modern raising of the sea level.  
According to the existing estimation the 1900 ha of the coastal area and corresponding recession of the coastal line between 12 and 224 meters was noticed during the first 12 years (1978-1989) of the transgression on the shores between Samur and Sulak rivers. In case of the raising of the sea level to the limit of –26 meters more 2370 ha of the coastal area will be flooded, while approximately 2010 ha will be washed-out by waves. The common loss of land funds will be 6280 ha. One should note that even in the conditions of the stabilization of the sea level the recession of the shores would still continue, for at least for 20-30 more years, and thus, the problem of the firm stabilization of the sea level will not be sorted out fully.         

Presently, the development of the coastal area on the described part of land carries on under the influence of the modern raising of the sea level that started in 1978 and which continues till present. This process defines the main ways of the shore development, territorial distribution of abrazian and accumulative areas.  The change of the regressive regime by the transgression one resulted with the significant changes in the dynamics of the coastal area of Southern Dagestan. The ways of the reconstruction of the submarine coastal area of the Caspian coast depend on its inclinations and provide the coast with different morphologic features. The most major changes took place on the accumulative coasts where just recently the processes of the precipitation piling were predominating. On the most of them with the quite big inclinations of the submarine coastal slope (~0.01) the process of the erosion of the front parts of the accumulative forms has been dominating presently; however where the slopes are less nearby the shore line coastal roller appears and turns into the sand-bar with the lagoon behind it.   

The samples of the first version of the coastal change within the limits of the described coast are the Karaman, Caspian, Izberbashir amd other smaller areas. Here during the raising of the level relevantly steep areas of the accumulative forms fell into the influence zone of the waves and that provided the approach of the tall waves that did not lose their energy, which reasons the active erosion of former (in our case novocaspian) accumulative forms with the speed up to 15-20 m per year.  

The second version characterizes more sand-back shores (e.g., Turalinskiy area) with the slopes about 0,005, which were surrounded by sand roller during the regression that turned into the sand-bar (during the raising of the level), separating the modern lagoon and going deep into the land.

For the present moment the Dagestan shores are in the condition of the unstable balance during the active reconstruction of the profile of the submarine coastal slope in the conditions of the sharp deficit of derelictions and are developing on the basis of the abrazian scenario. This is expressed by not only the increase of the spped of the recession of the shores, but also by the increase of the length of the abrazian coastal areas. 
The capes consisting of original beds, or the coasts, blocked by the ridge appeared to be considering stable areas in the given situation. 

The stirring up of abrasion that arose due to the raising of the sea level has been deepened by the anthropogenic influence onto the coastal processes, that arose the changes in the constitution of the coastal area. As a rule, these changes have the destructive character in the dynamics and morphology of the coasts.

2.6.2. Tersko-Kumsky plain.

Within the borders of the lowered Tersko-Kumsky plain sea was and remains to be the main landscape forming factor. The influence of the sea roughness has expressed itself in the abrasion of the ledges of the verkhnevalinsky plain in the maximal stage of the novocaspian transgression in the formation of the series of huge accumulative forms along the low coastal lines of that transgression (especially on the level of –25m). During the modern raising of the sea level the chain of novocaspian sandbars can serve to be the natural defense although the pile up waters will still be penetrating into the channel between them.  
The landscape of the southern part of this coast (approximately on a distance from the railway station Kochubey to the heel part of the bay) has formed earlier, mainly by means of the fluvial processes. Yet in the XX century Kizlyar bay and the closely situated shallow waters used to get filled by the sand washouts from Terek river and from its inflows.  However, starting from 1973 when the main mouth of Terek river was artificially led out onto the sea coast of the Agrakhan spit the role of the river factor in the formation of the landscape of the coastal area was driven to minimum, and the pile up and set-down processes that formed wide (up to several km) reed-grown dewatering became more significant. The speed of the summed growth of coast was more than 200 meters per year. During the long period processes of the complex accumulation (sand washouts from the rivers, pile-ups and add up of precipitations by the currents), that brought to the significant infill of the Kizlyar bay, have been developing on this area. The last raising of the sea level partly flooded these dewatered areas and also strengthened the partly flooding of the young generations of Terek’s delta.

Sulaksan plain, adjoining the Agrakhan bay, has approximately the same character. The only difference is that along the whole Holocene the main role in the formation of the coastal landscape belongs to the fluvial processes with the minimum influence of the roughness.  

The middle part of the coastal area situated between the Kyzlyar bay and Sulak delta plain significantly differs from the adjoining areas. In Holocene and during the modern age abrasion accumulative processes conditioned by the active influence of the roughness due to more steep submarine coastal slope, have been reigning here. Comparably not very wide novocaspian plain, the coastal lines of which are expressed by the relics of abrasion  ledges or the series of marine accumulative forms. Out of the last Bryanskaya and Suyutkina spits are the biggest. They were forming in series thanks to the income of the sand material from the south due to the ledge abrasion that at a time cut part of the Tersko-Sulak delta plain (Bryanskaya spit was forming in XVI-XVII centuries, Suyutykina spit was forming in the XVIII-XIX centuries).   During our century abrasion touched the novocaspian marine plain and root part of the spits. Their marine slopes undergone the erosion yet at a time of regressive regime of the sea. Balanced abrasion ledges, formed in the bodies of the spits, last over several km, besides, the intensive raising of the sea level ended up with the energezation of the washout ledges, built from the sand material, and to the speeding up of the destruction processes by the waves. The direction of the alongshore movement of washouts remains the same as in Holocene (from the south to the north) and that is witnessed by the growth and configuration of the modern generations of the youngest rollers in the distal part of Suyutkin spit, the feeding of which is realized by the sand material arriving from the abrasion ledge, situated southwards.    The stream of washouts along the coast is also filled by the washouts from the well-developed irrigation system. The fact that a lot of miniature deltas, led into the sea for several meters that formed in the mouths of most artificial channels, were formed in 1960-1970, witnesses about the huge volumes of such arrivals.  The last raising of the sea level led to the overall flood of such deltas (even of the biggest among them, formed in the mouth of the Bryanskiy channel). The distal endings of Bryanskaya and Cuyutkina spits have also undergone the passive flood by sea; the pileup waters penetrate into separate generations of rollers, filling the relic lagoons between them.  

As a whole the noticeable change in the geomorphologic situation on the coast in bound with the raising of the sea level. When the passive flooding of the coastal area by the sea waters is prevailing, the local development of the washout processes during the contact of the sea with the baire heels or relic marine accumulative forms is essential.

The northern part of the coast (Black Lands), adjoining to the Delta of Volga is complicated by the complex of baire heels. During the floods on Volga and sea pileups the water enters the between-heel recessions, forming the complex system of firths. Last century these firths had wide connection with the sea.

On the south where the baire heels are absent the pile up waters cover huge areas of lowered marine terraces, bringing a thin sedimentary material from the bottom of the sea, having provided by this the growth of the coast.  During the last regressive phase (till 1977) the led out of the coastal line took place over several km. The modern raising of the sea level was expressed by the flooding of the coastal line of the dewatered area, the growth of its width for 4-5 km thanks to the stepping on the land and formation of narrow and long lagoons from its back sides. At the present moment to the south of the Kuma river the pile up waters reach the marine hedge of the novocaspian plain when the strong eastern winds blow around and by this they cross cover the terraces of 1929-1941. 

The movement of the washouts on the coastal area is bound with the pileup-set-down currents as well as by the effect of regular current and the flow of Volga waters, bringing a thin sedimentary material up to the Kizlyar bay.  The resulting of the alongshore movement of washouts is directed to the south and that is confirmed by the change of accumulative ledge of the coast in the southern direction.

During the period of the modern transgression (1978-1991) the situation of the outer hedge of the reed dewatered area in the northern part of Kalmik cast (from Vishkinskaya Spit peninsula to the hedge of Lagan region) has changed little (picture 2.6.2.1).  This can be explained by the influence of the adjoining the wide shallow water delta of Volga, which plays specific buffer role, softening the influence of the raising of the sea level. According to the existing images [11] the buffer influence will be graded when the sea level will increase till –26,5 m, when the raising of the Caspian itself (not its flow) will define the main processes and phenomena onto the low coasts surrounding the delta.  Due to the noted reasons, adjoining the delta of Volga the accumulative processes, characteristic for this region all through the previous regressive period, continued up till 1991 in the northern part of Kalmik coast. They are especially noticeable in parts of the bay with the characteristic scalloped ledges of the coast (Vshiviy peninsula, along the western side of the Ilmen-Tatr furrow, where one can see the wide growth up to 0,5-1 km on the areas long as 2-3 km.  
On the south of the section the influence of the raising of the sea level slightly increases and that is expressed in the widening of the reed dewatering twice (1 to 2 km) due to its growth in the direction of the land. From the back side of the dewatered area there is a recently formed lagoon of complex form wide as 1-2 km, fed by pile up waters and flow of underground water. From the coastal side of the lagoon one can see the dewy section of flooding. Within the borders the growth of the humidity is also observed. There are new formations of flood sections along the Caspian channel, several new lakes and spots of reed growth in basin.  
In the environs of the Caspisky town (Lagan) there are a lot of vast spaces of meadows, pastures, fields, hedged by the system of water holding dams, built here when the sea level went below the norm in order to hold the water during huge pile ups for additional watering of lands (the coastal sea water is significantly desalinated by Volga waters). In the condition of transgression of the sea the pileups get activated. In the 1990s sea water, hold by dams, almost reached the city and surrounded the section with the water purifying constructions. As a result of this the threat of penetration of flow waters into the main water reservoirs, from where the water provision of the population was realized, appeared. Part of the land of the city is situated in the zone below –25m, where already now one can observe the flood of low plains, and later the sea flood is quite possible too. The threat of floods in the city during strong plie ups has increased as it already happened in spring, 1995. 
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Рис. 2.6.2.1. Kalmik coast of the Caspian, the northern part [6,19]: transgression changes in the coastal area for the period of 1991 (on the basis of the decoding of the space photos of different years).   

(1) outer limit of the reed-covered flat and the coastline in 1978; (2) the same, in 1991; (3) marine depositional landforms (beach ridges, barriers, etc.) developed: (a) on open shallows, (b) on the reed covered mud flats; (4) sand flat, newly appeared (zone of the coast accretion); (5) reed-covered flat: (a) persisting, (b) newly formed in bays' heads (zone of the coast accretion), (c) developed in place of former land (zone of landward shift of the reed covered flat); (6) lagoons at the back of reed-covered flats; (7) land areas flooded by surge water retented by the dam; (8) inner water bodies: (a) persisting, (b) newly appeared; (9) reed swamps on the land: (a) persisting, (b) newly appeared; (10) waterlogged area; (11) agricultural fields: (a) persisting, (b) newly cultivated; (12) urban area; (13) canals; (14) dams; (15) sewage treatment sites: (a) persisting, (b) newly constructed; (16) land; (17) sea.

For the southern section (рicture 2.6.2.2) of the Kalmik coastal area (between Marine Ivan-Karaul and Kizlyar Bay), situated behind the borders of Volga delta, some slight increase of the ledges of the coastal area and more significant influence of the raising of the sea level are characteristic. This influence got expressed, first of all, in the noticeable divergent of the sea line of the reed-grown area almost along the whole region. Already at the beginning of the transgression (1982-1983) the coastal flora was flooded and started to fade and die away, creating the outer “dead” frame along the reed-grown area, bordered by not very big coastal roller. By the beginning of 1990s the divergent of the sea line in some places was 1,0-1,5 km. The washout of the part of accumulative forms of the ground coastal landscape (submarine rollers, manes) took place. The accumulation of the sedimentary material is noted only in the mouth part of Dargin Bank Bay, where all the washouts from Kum rover arrive. The growth of the coast is 1-2 km in average  [6, 19].

At the same time the hem of new reed-grown areas appeared in some places along the divergent areas. This testifies about the formation of the series of young coastal rollers, developing thanks to the washout material from the sea line of the dewatered area and the upper part of the submarine coastal slope. So, the earlier existing image of the passive (without the wave reconstruction profile of the coastal area and redistribution) flooding of the low-lying coasts of Kalmikiya by transgressing sea is not correct. Probably, the ledges of the coastal area in this section (especially in the pre-cut part) happened to be sufficient in order to investigate the work of the marine roughness.   

At the same time the significant widening of the dewatered are happening due to its growth in the direction of the land has been noted. In 1978 its width was 1-2 km, and now it is 5-10 km, as if the dewatering steps onto the coastal area. In the northern part of Kalmik coastal area adjoining the delta of Volga the coastal line lives through very slight changes. However it is quite visible that the humidity of the coastal plain has quite increased. The narrows between the baire hills that have been slight swamped or were occupied by saline lands earlier have now turned into strongly flooded reed-grown swamps or numerous small lakes.     

In the southern part of Kalmik coast while the sea level raises to reach the level 26,95 m (1997) the flooding and stepping away of the outer hedge of the reed-grown are continues.   
The back side of the dewatered area has significantly changed. The wide lagoon (1-2km), that appeared in the beginning of the transgression and that stayed there till 90s started to fall into separate units by 1995. This process is bound, most probably, with the quick move of the dewatered area towards the coast, and that promoted the filling of lagoons by precipitations and by the growth of reed on it. The lagoon has disappeared on most of the coast by 1997. Its separate fragments has preserved only in Lagan region, on the very south of the coast (in the region of the Morskaya Chapura island) and around the Kizlyar bay.   
The widening of the dewatering in the direction of the land was continuing and by 1998 it grew for 2-4 km more. The reed growth spread beyond the borders of the ex-lagoon and now occupies the zone, shown on schemes of 1991 (picture 2.6.2.1) given as the zone of flood from the coastal side of the lagoon. The whole width of the dewatering after 1991 has almost not changed.
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Рис. 2.6.2.2. Kalmik coastal area, southern part [6, 19]: transgression changes in the coastal area for the period of 1991 (on the basis of the results of the decoding of the space pictures of different years). 

(1) outer limit of the reed covered and the coastline in 1978; (2) the same, in 1991; (3) sub constructional landforms (harriers, ridges) eroded by the rising sea; (4) drowned areas of the former reed-covered flat (zone of the coast retreat); (5) sand flat, newly formed (zone of the coast accretion); (6) marine constructional landforms (ridges, barriers) formed: (a) in place of open shallows, (b) in place of the reed-covered flat; (7) areas of the reed-covered flat persisting; (8) areas of reed growth on former land surface (zone of the landward shift of the reed-covered flat); (9) lagoons newly formed at the back of the flat; (10) areas drying during intervals of the wind-induced low sea level; (11) waterlogged zone along the lagoons; (12) land; (13) sea.

Behind the dewatering one can see the zone of the newly flooded low-laying areas. It is especially well observed (width up to 2 km) in the region of Lagan, and has the fragmental character towards the southern direction. 

Thus, the influence of the raising of the sea level of the Caspian sea increases along the Kalmik coast from north to south, while moving away from Volga delta and some increase of the ledges of the coastal area. However, in the southern part of this coast the ledges in the marine and submarine parts remain not very big (about 0,0005), and that promotes the deep penetration of sea waters towards land., especially during windy pilu ups. Transgression changes occupy the line wide up to several km. On this part of the coast the flooding by the transgressing sea of the outer zone of the sand-slimy dewatering with slight wave transformation of its profile (the formation of the series of young coastal rollers at the cut) and the move of the whole dewatering complex towards the coast prevails. The reed of the Kalmik coast happened to be firm to the raising of the sea, but even it does not manage with too high speed of the transgression of the Caspian (12,5 sm/year), what provides the flooding of the low-laying coastal areas of Kalmikiya and the prevailing of the stepping away process of the reed-grown area towards the land.  [6, 19].

In the condition of the further raising of the sea level the tendencies of these changes should most probably remain. Nevertheless, the move of the dewatering towards the coast cannot continue non-stop. The increase of the inclinations of the coastal land now restrains this process what would finally move to the simultaneous washout and flooding of the outer hedge of the land by sea and to the shortening of its width. While approaching of the sea level to the Holocene coastal lines of –26,5 m and especially –25 m the width of the dewatering would, most probably become minimal in connection with the general change of the coastal character, that would more and more look like the abrasion-accumulative [6].

2.6.3. Volga’s Delta
The modern delta of Volga is a slightly bent towards the Caspian sea plain with elevation around –20 m BC on the top of the delta and around –26,5 m BC  near its marine ending.  BC???

The morphology of the Volga’s delta is closely bond with the structure of its mouth net [7, 18], represented by very complicated system of currents, coming from 5 major arterial sleeves of delta (from left to right) – Buzana, Bolshaya Balda, kazimyaka (Kizani), Staraya Volga and Bakhtemir.

According to its morphology Volga’s delta can be divided into three zones in the direction of its top (the mouth of Buzana sleeve) to the sea hedge.

The Upper partВерхняя зона long as  60 km from the top of delta to the line of Astrakhan-Krasniy Yar is the most ancient one, it has middle marks of the area above –23,5 m BC. This zone is characterized by comparably simple structure of the river-bed net.    The Middle zone, long as 40-60 km along the delta is spread towards south from the previous and is limited from the bottom side by the line of Olya-karalat-Zelenga-Bolshaya Moga-Kotyayevka, and bound with the place of previous marine hedge of delta, which formed when the sea level was high in XVIII century (around -24 -- -25 m BC).  This zone is characterized by the net of well-developed big sleeves, connected with each other by means of side channels. The Low or the Seaside zone is long as 20-40 km along delta from the middle zone to the south up till the sea boundary of delta. This zone was mainly formed in XIX-beginning of the XX centuries in the period of stabilization of the sea level. Severe atomism of the mouth net is characteristic for this zone and the interchange of the sections of branching and connection of currents.  Right to this zone a very jagged modern sea boundary of delta is adjoined and there the processes of sand-bar formation and breaking of currents take place. The sea boundary of Volga’s delta kept stability of both of its plan and of its elevation for the last decades up till 1991 (that is, with the sea level below –27,3 m BC). After 1991 in accordance with the continuous raising of the sea level the flooding of the narrow line of the seaside zone of delta along its sea boundary started.     The sea boundary moved towards the land and exceeded elevation. These processes stopped after 1995 when the sea level reached its maximum point (-26,66 m BC) and then it started to decrease slowly. 

Further towards the sea up till the flock of bottoms at the relic sea boundary of delta with the markings of –28 -- -30 m BC the semi-flooded and flooded parts of the cone of the washout of Volga (shoal zone of the mouth seaside), where the relic forms of the landscape harmonize with the modern ones, lay.  
IN Volga’s delta (in its transversal direction) there are the areas with comparably high and low landscapes – “the combs” and “the narrows” that separate them. The big sleeves (Buzan, Bolshaya Balda, and Bakhtemir) flow through higher parts of delta – “the combs”. There are three well expressed “narrows” – the depression along the currents Kigach and Sumnitza the Wide in the Eastern part of delta; the lowering, that flows into the Belinskiy Bank and situated between the cones of Buzan and Bolshaya Balda washouts; depression along the sleeve Kazimyak (Kizan) and the inflows Kalinovka and Belujya between Bolshaya Bolda and Bakhtemir.  There are a lot of more lowered areas, occupied with the lakes, ilmeniums and former river-beds.

The in-river-bed rollers along the acting and dried up currents high as 2-3 meters in the upper and 0,3-0,4 meters in the lower zones of delta belong to the local increased elements of the relief; the alluvial manes (former mouth spits) high as 2 meters; sea manes (former sea islands) and Baire hills. The Baire hills are usually oriented in the direction of width (from East to West), are as long as 0,5-3 km, wide as 100-500 meters and tall as 2-12 meters. There are no Baire hills in the upper zone, in the middle one there are more than 400 of them and in the lower one there are very few of them

In latitudinal direction of the delta of Volga there is a row of terraces, the manes of which are dated to the ancient sea boundary of delta, formed in past in the period of relative stability of the Caspian level. 

2.7. Hydrology and morphology of the mouth areas. 
2.7.1. General information about the mouth areas.  
The mouth areas are the characteristic elements of Russian part of the coastal area of the Caspian sea. Some of the data about the mouth areas of Samur, Sulak, Terek and Volga (clockwise) are shown in table 2.7.1.1. All the given mouths belong to the delta type.  [7].

Table 2.7.1.1. Modern morphometrical characteristics of the mouth areas of rivers according to [5, 7, 18].

	River


	Square of delta, km2
	Length of delta along the main sleeve , km
	Square of the mouth seashore, km2

	Samur

	80
	24
	240

	Sulak
	   70.6  1)

45.1
	    12.9   2)

6.3
	60

	Тerek

	8900
	106
	3700

	Volga

	11000
	150
	38000   3)


Notes: 1) numerator – in 1978 (Before the raising of the sea level), denominator – in 1997; 2) numerator – before the artificial rectification of the river-bed in 1957, denominator – in 1997 ; 3) the square of the shoal zone of the mouth seaside 10000, площадь отмелой зоны устьевого взморья 10000, 28000 км2.

2.7.2. Mouth area of Samur

Delta of Samur has aligned sea boundary and two sleeves – Small Samur (northern, 24 km long) and Samur itself (southern). 

As a result of artificial distribution of the flow in 50s Small Samur started to take about 90% of the river flow. In the mouth of that sleeve the deposit of the washout take place, while in the mouth of the southern mouth one can observe a wave washout of the shore, strengthened in the period of the top of the sea level. 

2.7.3. The mouth part pf Sulak. 

The mouth of Sulak consists of one sleeve delta and the shore.

Te modern delta of Sulak started to form on the open coast of the Caspian Sea in the beginning of the XIX century. In its development delta passed several cycles, including the ones on the break of the river-bed and the formation of deltas. The last natural break took place in 1929, in its result the new delta blade was formed, oriented onto the north.  To the north from the seaside of delta it there is a long Sulak spit, formed of the products of the wave ruining, that separated the Sulak bay from the main coast. In 1957 the waters of Sulak were led out artificially. In the south-eastern direction. Here the “new” delta of Sulak started to get formed, while the old delta started to dry off and to get destroyed by the roughness even more severely. The washout of the delta increased after the immediate stoppage of the flow of alluvium as a result of the construction of the Chirkey water reservoir (1974) and during the period of the increased raising of sea level (sarting from 1978).  
For the present moment part of Sulak delta is flooded in a result of the raising of the level of Caspian sea; the square of the delta from 1977 till 1993 became less for 36% (table 2.7.1.1). The head of the raised sea water level spread to the bed of Sulak for over several km. In the mouth of Sulak the pileups and sleeve vibrations of the level were penetrating more regularly [9]. In the conditions of the increased levels of the water the threat of river water’s bursting towards Sulak bay and Mekhbet lowering in the mouth part of Sulak remains potential. 

2.7.4. Mouth part of Terek

The Terek mouth consists of vast delta (table 2.7.1.1), Agrakhan peninsula, parts of shallow Kizlyar and Agrakhan bays and open shore in the area of “new” delta.

Delta plain of Terek starts in the region of Stepnoye settlement (170 km of the sea). The mount of the modern delta is Kargalinsky hydrosystem, built in 1956. here the waters enter the main sleeve of the delta – the Kargalinsky break long as 106 meters and the system of water-dripping channels. There are a lot of freshwater lakes in the delta of Terek. Approximately 5,1 km3/year (61% of Terek flow) arrives into the low pool ; the size of the flow increases even more when reaching the mouth of Kargalinsky break (to 4,2 km3/year, 50% of the flow of the river). In the whole of Terek delta 1,7 km3/year of water (20% of river flow) is lost for good due to the evaporation from the surfaces of lakes, fluxes, watered lands.  

Delta of terek was developing by means of breaks and formation of separate private deltas. The last break took place in 1914 having given the start to the formation of the new sleeve – Kargalinsky break.

The river formed an inner delta of 130 km2 in Agrakhan bay by 1977.

After the artificial leading out of river waters through the slit of Agrakhan bay (in 1973 and, later, in 1977) the “new” delta of Terek forms on the open coast of the Middle Caspian.

The attendant to the opening of the slit shortening of the length of the bed up to 28 km led twice (in 1973 and 1977-1978) to the massive scale erosion of the mouth part of Terek. The marks of the bottom and of the level decreased for 2-3 m; the wave of the regressive erosion spread for 50km [7, 9]. The low level of the sea these years became the reason for the erosion. The sea level raising that started in 1978 led to the opposite processes: the accumulation of pileups started on the mouth part, the marks of bottom and water level increased for 1-2 meters by 1993. The distance of the spread of the wave of the top and of the alluvium ended up with 50-60 km  [9].

The increase of the marks of the water level in the mouth part of Terek creates prerequisites for the strengthening of delta flooding during the high water and new break of the bed. This kind of a break is much more possible in the direction of the southern part of former Agrakhan bay with the following exit of waters into the sea through the Mekhbetskiy shedding. The possibility of a break remains and it is not bound with the raising fof the sea water level. The upper part of the curve above the head of the channel named after Dzerjinsky is the most dangerous section. The breaks can be stimulated by the unsatisfactory condition of the defensive dams.  
2.7.5. Mouth area of Volga

The uniqueness of the mouth area of Volga provides the presence of one of the most complicatedly broken deltas of the world and the huge shallow seaside. The delta of Volga is the oasis among the dry steppes and semi-deserts. The hydrographic net of delta is represented by numerous currents (sleeves, channels and erics) and the imen lakes. The general number of currents is about 1000 [18]. The length of the sae boundary is as long as 175 km. The shallow indelta zone is of the mouth seacoast has the extent from the north to south for 30-50 km and is as deep as 2,5 m (with the sea level –27 BC). This part of the sea coast is cut by the net of natural furrows and artificial navigable channels and fishing channels. The total amount of channels is 28, 3 of them are nvigable channels, 8 are arterial and 17 are additional fishing channels. Volgo-Caspian channel (86 km long, 5 m deep), Belinsky channel (42 km long, 3 m deep) and lagan (30 km long, not bound with the delta) belong to the navigable channels. In the beginning of 90s the depth of arterial fishing channels was 1,5 m [18].

The shoal part of the mouth coast is grown by water flora. 

The area of the mouth coast consist of bent platform wide as 70 m and deep as 3-7 m (between the isogypsum –30 -- -34 v BC) and of the и из свала глубин с резким увеличением глубин от 7 до 13-15 м (между изогипсами –34 и –40 - –42 м БС при уровне моря –27 м БС).

In the delta of Volga the flow of the river is distributed according to the schemes of five main sleeves (table 2.7.5.1), of which Buzan (the most left one) and Bakhtemir (the most right one) are the most water-bearing.  When decreasing the size of the flow of the river the portion of Bakhtemir’s flow increases noticeably (table 2.7.5.1) and this fact testifies the tendency of this sleeve to the energezation (it is stimulated by the deep marine exit through the Volgo-Caspian channel). 
Table 2.7.5.1. Modern distribution of the Volga flow through the current of delta (in%) according to [18].

	Current
	Summary of water expenses at the Verkhniy Lebyajiy, m3/с

	
	6000
	14000
	22000
	30000

	Volga, river-bed,  Verkhniy  Lebyajiy
	97.5
	97.1
	94.5
	88.7

	Akhtuba and Volga-Akhtubian flood-lands, 

Verkhniy  Lebyajiy
	2.5
	2.9
	5.5
	11.3

	Buzan, source

	32.5
	35.7
	33.9
	28.7

	Bolshaya Bolda, source
	4.3
	5.0
	5.5
	5.5

	Kamizyak (Kizan), source
	14.7
	14.7
	15.3
	16.1

	Staraya Volga, source
	10.1
	10.3
	9.9
	9.1

	Bakhtemir, source
	33.3
	28.7
	24.0
	20.2


Note: the summary flow of Volga into the upper deltas results from the flow in the main river-bed, along Akhtuba and Volgo-Akhtubinsky source.

For the past 50 years the portion of Bakhtemir’s flow increased from 24 to 31 % of the middle flow of the Volga, the portion of Buzan increased from 31 to 34 % while the portion of other sleeves either decreased or remained unchanged [7, 18].

When the water level is high during the high waters the part of delta of Volga gets flooded. The area of flooding can be 50-70% of the whole square of the delta [18]. 8-10 km3 of water is evaporated annually from the surfaces of lakes and flooded area at present and that is not compensated.

The raising of the Caspian Sea level for 2.35 m during 1978-1995 led to the increase of bottom depths in coastal and shoal areas, to the flooding of some islands nearby the coast, of the narrow band (several km wide) in the low coastal zone of delta.  In the lowers of the sleeves the raising of the sea level, when the flow was not massive, started only after 1988-1990, that is 10-12 years later that in the sea. The parameters of the increase of the level in the currents of delta (table 2.7.5.2) happened to be not very big and appeared to be absolutely inadequate to the parameters of the raisings of the sea level itself. If in the shoal (island Iskusstvenniy) the water level raised for 0,9 m by 1995 when the water flow was low then at the point Olya (24 km from the sea boundary of delta) it raised only for 0,4 m. In high waters there was almost no level raising to be observed.  .

The distance of the spread of the backwater in the deep sleeve of Bakhtemir in a low flow of the river did not exceed 90 km (table 2.7.5.2), and in other sleeves it did not exceed 30-40k. Such a weak reaction of the water levels in the seaside part of the delta of Volga on quite a reasonable raising of the level of the Caspian Sea (in contrary to the processes in deltas of Sulak and Terek is explained by the blocking role of the “buffer zone”, which is the wide and shallow mouth seaside.  

Таble 2.7.5.2. Estimation of the effect of the increase of the level of Caspian sea up to 2.35 m during 1978-1995 on the level of the water in the mouth area of Volga [8].

	Qс ,m3/с
	Change of annual water levels during 1978-1995 , m
	The spread of the head along the sleeve Bakhtemir, km

	
	Island Artificial
	Оlya
	

	8000


	0.9
	0.4
	90

	10000


	0.8
	0.3
	70

	16000


	0.7
	0.2
	60

	20000


	0.6
	0.1
	40


Notes: 1) the distance of the points island Iskusstvenniy (shoal zone of the seaside) and Olya (lower of the sleeve of bakhtemir) from the top of delta are 187 and 136 km accordingly, and 27 km (towards the sea) and 24 km (towards the land) accordingly; 2) Qс – the summary of water use of Volga at Verkhniy Lebyajiy (bed, Akhtuba, flood-lands). 

On the background of high sea levels the danger of penetration of strong pileups increases.

The average growth of the square and the length of Volga delta during the fall of the sea level in 30s were 180 km2/year and 1km/year accordingly. [18]. Starting from 1960 the condition of the sea boundary of the delta was mainly stable. 

2.8. Wind-wave condition of the coastal area of the sea.  

The length of the Russian coast of the Caspian Sea is 1460 km. Separate sections of it are under the influence of various circulative atmosphere processes, that is why the character of the roughness and bound with its non-regular vibrations of the level has exclusively spatial unsteadiness. The differences grow due to morphologic peculiarities of separate sections of the coastal area (bottoms, bends, relieves, and the character of ground sediments). According to the conditions of the wave formation and respectively, according to the peculiarities of the wave regime the coast can be divided into three regions [16].

First region is the coastal zone in the rayon of Derbent and to the north of it. The range bench, forming as a result of preparation of the basic beds covered in some places by the sand-shell sediments, quite steep inclinations, tall wave runs, up to 300 meters and huge (up to 700 meters) depths in the open sea.  
Second region is from Makhachkala to island Tyuleniy. The sand grounds, small inclinations of the bottom, presence of submarine rollers, shallow water of the starting zone are characteristic due to the fact that the depths in the open sea are not more than 50 m.

Third region is the before mouth seaside of Volga, including the Kizlyar bay. The main peculiarity of this part is the practically horizontal bottom and very small depths all over the defined area of water as well as the presence of flow currents of Volga, a lot of accumulative forms such as banks and small islands, wide development of water flora and, as a result of this, the absence of tall waves even during the stormy speeds of the wind. The majority of the Russian defined area of water of the Caspian is situated in the northern shallow part of Caspian. The closeness and isolation of pool leads to the fact that ripple is quite rare phenomena here, and sometimes it comes from south-eastern storms, and then  it stifles by vast shallow waters on most of the seaside. 

The main wave forming factors for the deepwater regions are the speed and duration of wind effect, and for the shallow water areas those are the relief and the inclination of the bottom as well as the configuration of the coastal area (table 2.8.1). 

Table 2.8.1. Inclinations of the bottom (j) along the standard line to the coast for some of points of the western coastal area of the Caspian Sea [16].

	Points
	To isobath 10 m
	до isobath 30 m
	до isobath 50 m

	Derbent
	         0,004
	0,0033
	  0,0016

	Маkhachkala
	         0,003
	0,0015
	  0,0006

	Sulak
	0,0015
	         0,001
	0,004

	Lagan
	Almost horizontal bottom 
	Almost horizontal bottom
	Almost horizontal bottom


There are several directory manuals for the Caspian Sea (The Atlas of the North, 1965, the Atlas of the roughness, 1968), but the data given in them is partly out of date. the clarified regime characteristics of the roughness of the seasons, received by means of typification of the fields of winds over the sea are given in more later editions (Hydrometereological conditions, 1986). But calculated characteristics of heights, periods and lengths of the waves (h, (, () of different supply are calculated for some deepwater points of the sea sitting in the depth more than 30 meters. That is why the method of calculation of the regime of the roughness in the coastal area, in the plot of which the dependency of the height of the wave from the speed of the wind and the wave starting were put, was used [13].

The standard methods of calculation of waves in the coastal area of waves [13, 17] are based on the assumption that each consisting part of the spectrum of waves, spreading towards the shore, changes according to the rules of theory of waves without the loss of energy. The components of the initial spectrum of roughness in the natural conditions change upon the first reach without the loss of energy only when the zone of wave transformation, situated between the deep water and the depth, where the caving of waves starts is comparably narrow and has inclinations of the bottom of approximately 0,1-0,02. In this case the change of parameters of the waves happens due to the redistribution of the energy of waves along the wave profile. Then the average period ((( ) is practically unchangeable and the changes of average heights  ((h), when the approach of waves to the shore is normal, do not exceed 10%. So, the existing method allows to define the parameters of waves in the zone of their transformation with the indicated inclinations and in the conditions, when the deep water is the boundary of this zone. 

On the shoal sectors of the coastal area the significant changes of the wave parameters take place. In the result of multiple falls the height and period of waves decrease, the profile of waves changes, and the length and speed of the spread of the waves would decrease, as a rule. Despite these changes the waves, observed in nature on the shoal coasts keep their oscillating nature. The analysis of data of nature experiments showed that the oblast of coastal shallow should be divided into two zones. First is the oblast of the shallow waters with the inclinations not less than 0,001; it reaches the coast up to the isobath 3m (H0). The second one is the cutting zone itself, usually broke by submarine rollers and narrows. The comparison of measured heights of waves (H0) in first shallow zone on the depths of 3 m, according to the data of measures from the Agrakhan peninsula and nearby the island Tyulenniy with the calculation meanings according to the Manual [13] shows quite a satisfactory connection between them.   

The heights of waves right next to the shore in the zone of submarine rollers change in a complicated manner. One can very clearly observe the general tendency of the growth of waves to the moment of caving at the non-measurable depth of H/H0=0,5, and then there is a fall of wave heights when approaching the coast. When this happens the parameter h/H continues to grow from 01, to 0,5 nearby the cut. Here h & H are the average heights of waves and the depth in the point of measuring. The caving of waves starts when the height of waves reaches 0h/H 0,25-0,30 [2].

On the basis of empirical connections the calculations of the dependence to define the wave heights in the roller zone with different wind speeds are received. They can be used to calculate the height of waves, starting from the first zone till the sea boundary of the rolling onto the coast zone.

In order to receive the regime characteristics of the roughness in the coastal area in the Russian sector of the Caspian the standard method of calculation on basis of regime characteristics of the wind (13) was used. Besides, the choice of some wind observations, put in the plot of the calculations, was done minding the cycle of intensity of atmospheric processes. They used to think that in order to make the calculation of the regime of roughness it is enough to use any 10-year row of observations. However, the observations of past years showed that the periods of high and low activities come in turns in he process of storm activity. That is why, in order to receive the representative results it is necessary to analyze such a period of time that would cover the stormy years and the years with weak winds. For the northern hemisphere the period between 1930-1965 is such a period.   

For the coastal period in the region of Dagestan, as in all western coast, the storms of the north-eastern, eastern and south-eastern directions are going to be dangerous. The waves, approaching the coast from the east and the north-east, are formed in the conditions of the big depths and rapid starting happening in the defined water ears of Middle Caspian. The roughness of the eastern directions effects the coast most of all.  The roughness of the north-eastern quarter has less power, 30 to 50% of roughness comes to life and develop in the shallow part of the North Caspian and, despite the rapid starting, has less parameters than the waves, formed in the deep waters. The roughness of the south-eastern direction effect the coast less, as the south-eastern winds are weaker and, besides, the starting is limited by the step out of the delta of Samur river from the south. Due to this reason the calculations of regime meanings of main parameters of the roughness were done for the eastern and the north-eastern storms. (table. 2.8.2). The characteristics of the wind and the roughness in the wave-bearing points for 0,1 % and other meaning of the supply are given in the table. 
More than 80% of the square of the Northern Caspian sea the development of the roughness is limited by the depth and when the speed of wind is 15-20 m/c it reached its maximum point.

Таble 2.8.2. Regime characteristics of the wind and roughness on the basis of main wave threat points provided by 0,1%, 1% и 5% for some of points on the bottoms of maximal wave effects [16].

	Derbent

	Points
	F=0,1%
	F=1%
	F=5%

	
	V, м/с
	Hкр, м
	hкр м
	V, м/с
	Hкр, м
	hкр м
	V, м/с
	Hкр, м
	hкр м

	СВ
	15,2
	4,6
	2,2
	10,2
	2,6
	1,3
	6,9
	1,6
	0,8

	В
	20,3
	6,2
	3,1
	14,1
	4,0
	2,0
	9,9
	2,0
	1,2


Makhachkala
	СВ
	8,0
	1,2
	0,3
	7,2
	1,2
	0.3
	6,0
	0,8
	0,2

	В
	22,2
	2,8
	0,7
	1,0
	2,4
	0,6
	16,5
	2,0
	0,5

	ЮВ
	26,0
	3,2
	0,8
	2,0
	2,8
	0,7
	18,0
	2,4
	0,6


Sulak
	СВ
	14,0
	2,8
	0,5
	11,0
	1,6
	0,4
	8,2
	1,2
	0,3

	В
	18,0
	2,4
	0,6
	14,8
	2,0
	0,5
	11,6
	1,6
	0,4

	ЮВ
	22,0
	2,8
	0,7
	17,8
	2,4
	0,6
	14,0
	2,0
	0,5


Caspiyski (Lagan)

	СВ
	21,0
	2,8
	0,7
	10,8
	1,6
	0,4
	12,5
	1,6
	0,4

	В
	22,6
	2,8
	0,7
	17,0
	2,4
	0,6
	13,2
	1,6
	0,4

	ЮВ
	20,6
	2,8
	0,7
	16,5
	2,0
	0,5
	12,0
	1,6
	0,4


For the coastal zone to the north from Makhachakala the calculations of the parameters were bound to the isobath 3 m, due to the fact that the experiences of many years of the experimental research of the wind roughness showed, that the use of standard methods of calculations is possible only to this depth.  

For the Makhachkala section as well as for the whole researched coast, the wind threatening would be the winds of NW, W and SW.

There is a border In Makhachkala area, separating the areas of the sea with different wave forming conditions. Differing from Derbent where the wave forming goes according to the rules of deep sea here the processes are limited by small depth both in coastal area and in the open sea. That is why when the wind starts the roughness receives the character of the firmness. At first in the areas with low bottom and later in the areas with deep bottom the roughness reaches its maximum development and even if the wind grows stronger it does not change.

The calculation of the parameters of the waves of the coastal zone in the region of Makhachkala, Caspiysk, Sulak and Lagan was made on the basis of conditions of the shallow area of the first zone, and if the submarine coastal bend was complicated by the rollers then the calculation was made on the basis of empirical dependence for the definition of the heights of waves in the zone of submarine rollers in the condition of different winds.  [2].

Due to the shoal of the coast in the Makhachkala-Caspiysk section the condition of the zone of caving depends on the pileup raising of the level. Non-periodical short-term raisings of the level make 65 sm (maximal data), and the set-downs make 102 sm. The pileups happen when the south-eastern and eastern winds blow, while the set-downs take place when the north-western winds blow [1].

The character of the roughness in the region of Sulak as well as the conditions of the wave formation are similar with the conditions in the region of Makhachkala. When making calculations they also considered the shallow water of the first zone, when the development of the roughness is limited by the depth even when the starting is rapid. The basis for the calculations were the wind observations at Glavsulak for the same period of time as for the point Derbent and Makhachkala. Besides, the influence of some morphologic peculiarities of the relief of the ground onto the roughness at the coastal area was taken into an account

To describe the wave regime in the region of in-mouth seaside of Volga the characteristics of the roughness, received when analyzing the wind in the region of island Iskusstvenniy, situated on the same width but situated 50 km to the west, were used. 

The parameter of the specific energy (e) that accounts for the unit of the square of the coastal area was used as the indicator of the distributor of the wave energy. [12].

The calculation of the specific energy for the western coast of the Caspian Sea from Derbent to the before mouth seaside of Volga showed, that its parameter is visibly decreasing while the depths in the first zone and in the coastal zone are decreasing. The  specific energy of the roughness was distributed along the coast in the following manner: 

	Derbent      

Makhachka

Sulak  

Lagan   
	 — 32,0

—   4,4

—   1,8

—   0,001


One can see, that the more the defined area of water gets shoaled the more the effect of the wind waves gets decreased for several times from south to north.  Along with that the peculiarities of the relief in the northern part of the shallow part of the sea testifies about the activity of the lito and morphodymanic processes, the priority role of which belongs to the low-frequency motions.  
The character of the wave vibrations in the surf zone to the boundary of the caving zone is not equal. In the outer zone the energy of short waves (wind and ripple waves) prevails over the energy of long-wave vibrations. After the caving and getting closer to the coast the energy of short waves gets decreased, while the energy of the long ones gets increased. The statistical connections between the infra-gravity and short-periodic wind waves in the surf zone and out of it are significantly different.  

If the height of the wind waves on the cut gets to zero, then the infra-gravity winds do not get weaker with the depth, and when approaching the coast these winds might remain as big as they are. Most brightly the infra-gravity waves express themselves in the surf zone. The less the depth is and the stronger the storm is, the stronger the nonlinear interrelations of waves are and the more actively the long waves get formed. That is why all the changes in the relief of the coastal area are bound with the storms. The  vibrations of the water caused by the infra-gravity waves are usually not very strong (up to several cm), but because of huge volumes of water, involved into these vibrations, the energy of those vibrations and effect from them can be quite significant. Their input into the formation of the relief of the coastal zone can reach 80% according to different estimations [15].

For the investigation of the role of infra-gravity waves in the dynamics of the coastal zone of Caspian natural experiments were hold during several years. During the  experiments it was found out that it were the long waves that form the min features of the accumulative relief of both the above-water and the submarine ones. The energetic conditions on the beach and on the submarine slope are characterized by the bends. There are two types of environment: 1 – beach and the submarine coastal slope that represent the reflective relief, within the limits of which the most part of the energy of the falling wave is reflected from the front surface of the beach. For the sections with the reflective conditions the following are characteristic: the rectilinear profile of the submarine coast slope expressed y the beach step, consisting of the most rough sediments, it is a steep rectilinear slope of the beach with high berm, well-developed coastal ledges. 2 – the beach and the submarine coastal slope represent the dissipative system with wide surf zone.  The caving of waves starts at a distance of several km or hundreds of meters from the surf. In comparison with the steep reflective beaches a more complicated and various topography is characteristic to the dissipative systems. Usually there are one or two submarine rollers on the submarine slope and other three-dimensional accumulative forms. The stormy currents of the circulative type are also quite regular. The sections with the big resources of mellow material are characterized by the maximal spread. Between the reflective and dissipative beach systems there is a row of interim types of systems, which change each other both in the space and in time.  
The analysis of the curve of the special thickness of the height of waves for the reflective beaches shows that besides the maximum corresponding to the wind waves with the period (, there is definitely a pick, corresponding to the period of low model side waves 2(.  The Infra gravity picks in the conditions of the weak wave activity are not very tall, however, with the growth of the surf their amplitude grows too.

The characteristic peculiarity of the dissipative beaches is the presence of clearly expressed resonance picks in the spectrum with the periods 4( (40–50 s) within the limits of the submarine rollers. The degree of dissipativity grows naturally from the south to the west along the Russian coast of the Caspian Sea.  

The Russian coast of the Caspian Sea can de divided into three regions according to the parameters of the morphologic conditions of the beaches: 1st is from Derbent to Izberbash from which the mildly and weakly expressed reflective beaches are mainly characteristic; 2nd is spread to the northern end of the Agrakhan peninsula and island Chechen for which the dissipative beaches are characteristic (the degree of the dissipativity grows towards the north direction); 3rd is the region of Chechen island, the coasts of Kalmikiya and Astrachan oblast, which can be related to the extremely dissipative ones. The profile of the flat form is constantly supported thanks to the plentiful arrival of sedimentary material onto the coastal zone.

The analysis of the special functions of the roughness for the reflective and dissipative sections of the coastal zone in regions of Derbent and Tyuleniy island showed  in first case the presence of resonance picks 3(, and in the second one— 8(, and that corresponds to the periods 12,5 and 26 s accordingly. So, while you go towards the north the role of infra gravity waves in the processes of the coastal zone increases more and more.    

The effective transfer of the sedimentary material along the normal to the coast depends on the interrelations of high frequency and low frequency elements in the spectrum of the roughness. The  in-ground currents, bound with the resonance vibrations, the period of which is higher than the one of the running wave   (2(, 4( and so on),  have quite significant elements, directed towards the sea. In case the synchronic resonance vibrations with a period, equal to the period of the running wave (this takes place on the reflective beaches), the speeds of the movement of the water towards the coast and from the coast are approximately balanced. The resonance vibrations with the periods 2( and 4( can be neutralized or weakened on extremely flat dissipative beaches. At the same time the vibrations of a very low frequency (with the periods of surf hits and seiches) are possible. Thus, in the spectral function of the roughness at the Tyulenniy island, besides the pick with the period 8 (, the maximum with the period 12,5 min is noted.

So, on the basis of the analysis of the structure of the roughness along the coast the western coast of the Caspian Sea within Russia is divided into three sections  [16]: 1st is from Derbent to Makhachkala (1st zone is deep-water one no matter the directions of the wind); 2nd is from Makhachkala to Tyuleniy island (1st zone can be either deep-water one or shallow – it depends on the direction of the wind); 3rd is the in-mouth area of Volga-s seaside (first zone is shallow no matter the directions of the wind).  

It is stated that the energy of the low frequency wind roughness that counts to the unit of the square of the coastal area naturally decreases from south to north while the depth of the defined water area becomes shallow, and the effect of infra-gravity waves onto the hydro- and litho-dynamic processes in the coastal area increases while the depth  decreases.

On extremely dissipative coasts the high frequency part in the spectrums of roughness can be either neutralized or significantly weakened. At the same time the vibrations with the periods of surf beats and seiches changing the effective transfer of the pileups along the normal towards the coast appear.

2.9. The dynamics and the conditions of the steadiness of the coasts. 
2.9.1. The conditions of the steadiness of the coasts. 

The most important conditions defining the condition and steadiness of the coasts on the Caspian coast of Russia are [16]:

1.  The position of the sea and the tendencies to the changes.

2.  The energy of roughness and other hydro-litho-dynamic processes and the movement of pileups, bound with it.

3.  The balance of the pileups of the coastal area of the sea and, first of all, the balance of the pileups of the beach and geological and lithological construction of the submarine coastal slope.  
4.  Anthropogenic effect onto the coast, expressed in different forms (coastal-marine hydro-technical constructions, withdrawals and fills of the pileups, physical and chemical effects onto the coastal biota, and others).  
5.  Below the attempt to estimate the temporary tendencies of the natural development of the conditions, defining the steadiness of Caspian coasts within the borders of Russia and the possibilities to artificially effect them are taken.

The level changes define the removal of the border of the coastal line. The raising of the level leads to the stepping away from the coast line. The role of geomorphologic conditions is huge: the less the bents are, the more the stepping back is. During the modern raising of the level (form 1978) for about 10-20 cm per year on the coasts of Dagestan the stepping back happens with the speed 10-20 m/year. The same speeds of the level raising lead to the stepping back of the coast line for 100-1000 m/year on the shoal coasts of Kalmikiya and Volga delta. 
In accordance with the short term forecast the raising of the level will be reaching the mark of –25 slowly, but steadily. The continued washout of the coasts and their passive flooding without any visible decrease of the speed of the land loss will correspond this process. 

One should note that even in the conditions of the stabilization of the sea level the stepping of the coasts back would continue for at least first 20-30 years and accordingly the problems of the steadiness of the coasts will remain open.

The energy of the roughness participates in the washout of the coasts, increasing the passive flood of the land, and the alongshore component of the flow of the wave energy along with the geological and lithological and geomorphologic conditions, defines the objects of the annual alongshore movement of the washouts.   
The firmness of the native beds (mainly of the limestone and sand of sarmat)  is quite strong, and the speed of their abrasion can be considered independent from the effect of waves (the speed of abrasion is millimeters per year). The effect of waves onto the mellow beds is more significant. Depending on the bigness and content the movement of the pileups can happen in different directions – up and down the beach profile and the submarine coastal slope. In the conditions of Dagestan fruitful conditions for existence of Bentoce organisms appear when there is a cast spread of exits of native beds in the shallow areas.  As a result of this the big pieces of the shells, after they die, are thrown out onto the beach, filling up the reserves of its pileups, and after the shell detritus is grinded by the roughness it is moved to the submarine slope. Roughness is the necessary condition for the possibility of such a mechanism. One should mind the fast grinding of the shell material, which is the tens of per cents annually of the original volume.    
The space changes of the alongshore component of the wave energy, by means of which the bigness of the container of the alongshore flow of pileups is regulated and the gradients of which define the appearance of the washout and of the accumulation on separate sections of the coast, are even more significant. 

More accurate estimations of the part period let to make a conclusion about the fact that the container of the alongshore flow of pileups from the south to the north (from Derbent to the distal of the Agrakhan spit) decreases from 400 to 200 thousand cubic meters/year, living through local changes. Along with that the calculations allowed to confirm the general direction of the alongshore transport to the big parts of the sea coasts of Dagestan and to localize six sections of the cut off of the alongshore movement of pileups, the two of which are stipulated by the protective rollers of Caspiysk and Makhachkala ports. (picture 2.9.1.1).

So, any seaside-sea coastal defensive construction, that is on the way of the transport of pileups along the shores would result the lowering washout.

When continuing the raising of the sea level the coastal system of Dagestan would fall into small litho-dynamic sub-systems, which would develop independently from one another.  
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Рicture 2.9.1.1. The distribution of the parameters of the container of the alongshore flow of the pileups (Распределение величин емкости вдольберегового потока наносов ( 105 m3/year) along the Dagestan coast.[16].

2.9.2. The sources of the pileups of the coastal area of the sea and the litho-dynamic processes.

Within the limits of the Russian coast of the Caspian Sea there are four big  sources of the terrigenous material – the flow of Samur, Sulak, Terek and Volga rivers. There is a row of comparably small rivers bringing he pileups onto the shores, but their role in the feeding of the coasts by the sedimentary material is comparably minimal.

The hard flow of Samur river was about 7,6 million tons a year in the near past. However, due to the hydro-technical regulation of last decades it has significantly decreased and according to some estimations it is not more than 4,7 million tons a year.

13,5 million tons annually would arrive into the delta of Sulak before the construction of Chirkey Hydro Electrical Station (1974), and after the completion of the construction it decreased to 1,64 million tons a year.

About 3 million tons a year arrive into the new delta of Terek. The flow of pileups of Volga river is estimated in the period till 1995 as 15 millions tons a year, and after 1961 it is 13,6 millions tons a year.

The temporary tendency of arrival of pileups onto the coastal area is crearly unsatisfactory and is characterized by significant decrease of the flow of the alluvial pileups.

70-90 % of the beach forming pileups on the most of Dagestan coasts are represented by the biogenic shell and detritus–shell material. 

The shell material gets grinded very quickly and that why is drowns fast, being taken out of the balance system of the beach.

The past years the economic activity of a human plays more significant role in the balance of pileups. It effects not only the withdrawal of the pileups from the modern beaches, deepwater work on the lines of approaching channels, but also the replenishment of pileup reserves at separate sections, and the bringing in of artificial materials.  Besides, during the raising of the level adversely affect also the previously done developments of the beach sands within the limits of the terrace complexes.

Significant loses of the beach forming material happen during ash processes. At the same time the direction of their activity is not positive, if to take the prevailing of strong winds from the sea side. 

Quaternary effect onto the coasts is illustrates by the effects that are received after the construction of rollers of Caspiysk and Makhachkala ports. During the developed and quite powerful longstanding service the sections of accumulation appeared to the south from the coastal constructions and to the north from them the sections of the lower washouts appeared. The instructive example of the longstanding service of these constructions is that any of those constructions, obstructing the alongshore transport of pileups would lead to the similar consequences.

Even when building the waver damping wall that was supposed to save the beach in Derbent, technological reasons and the raising of the sea level led to the washout of the beach from both sides of the built construction, behind of which a swamped lowing appeared.

In the conditions of the intensive stepping back of the coast on some of suburban territories the coast defensive actions, including the clod leading and even the constructions of multiple row groove walls were realized into life. You cannot visible observe the positive effect they give, but still they fully exclude the coasts from the sphere of the recreational use.

Unequal arrival of pileups onto the shore within the limits of Dagestan, as well as the common deficit of pileups and unlucky attempts to use traditional methods of coast strengthening with the help of reinforced concrete constructions induce the necessity to convert to the new strategy of coast defense and to the increase of resources providing the steadiness of coasts. The main element of the new strategy is the conversion to the artificial feeding of the coasts by the pileups first of all on the sections living through sharp deficit of them and introducing the economically deepest interest [16].

The emphasizing of the sections of the coastal feeding by the pileups, methods, volumes and regularity of feeding processes as well as the search of sources of pileups should be recognized as the most important among the complexes of the problems of Caspian Sea.

At the same time before making such a responsible step forward it is necessary to proceed quite a detailed division to regions of sea coasts, taking into account the main components of their dynamics. The division to the regions must be useful also for the preventive estimation of consequences of different actions taken to build ports, coast defenses, including the artificial feeding by pileups and in order to exclude possible negative results.  
2.9.3. Autonomous litho-dynamic systems and the division to the regions. 
Due to the fact that the coast strengthening is advised to lead in the frames of one litho-dynamic system, in order to avoid the effect onto the adjacent sections of the coast, let us have a look at the balance division to the regions of the Russian coasts of the Caspian Sea, based on the allocation of autonomous litho-dynamic [16].

Thee division onto the regions of such kind is necessary not only because of the coast strengthening purposes. One should note that the borders of the litho-dynamic systems mainly define the borders of the movement of feed materials as well as the pollution of their sources and this way they represent the overall geo-ecological interest.   
The autonomous litho-dynamic system is defined here as a section of the coastal area, within the limits of which the balance of pileups is quite independent from the balance of pileups of adjacent sections of the coast. The tool for the definition of borders of the litho-dynamic system is the calculation of alongshore movement of pileups, based on the data about the original boundary of the coasts and of the roughness for quite long term time interval (not less than 11 years, by means of which the regime statistical steadiness of wave characteristics is defined). The litho-dynamic system is defined as the oblast of contrary alongshore movement of the pileups of convergence of the flow of pileups or the oblast of insignificant alongshore transport.    
The program supply, allowing to calculate the potential parameters of the expenses of the alongshore flow of pileups on the basis of regime observations of the roughness and the automated construction of the corresponding graphics, was created at the chair of geomorphologic of the geographic faculty of the Moscow State University.   

The computer technology allowed to make also the calculations of the direction and relative volumes of the alongshore movement of pileups and allocate some autonomous litho-dynamic system within the borders of Dagestan. Let us shortly name them and note some additional proves of the reality of their existence.

From south to north there are the following autonomous litho-dynamic systems (picture 2.9.3.1, table 2.9.3.1). 
1. Derbent system with the borders from the mouth of Samur to Burun settlement with the length along the shore 100 km. 
2. Manasskaya system with the borders from Burun settlement to Catun settlement, long as 31 km. 

3. Caspisko-Makhachkala system is long as 57 km with the borders from Satun settlement to Sulak mouth. This autonomous litho-dynamic system is divided into three subsystems due to the man-caused constructions – the defensive rollers of ports of Caspiysk and Makhachkala: a) from Satun settlement to the south roller of Caspiysk port – 3,5km; b) from the north roller of Caspiysk port to the south roller of Makhachkala port – 16 km; c) from the south port of Makhachkala post to the mouth of Sulak – 30 km. Of course, when proceeding the division into the micro regions the systems of internal defined areas of water of Caspiysk and Makhachkala ports must also be allocated. The length of the systems of internal defined areas of water is 7,5 km, however, due to the fact that they are not potential objects of the shore strengthening works and because they are not not very  long along the shore, they are not looked at here. On the section of Karamansky shore towards the north from the Makhachkala post there are the signs of the ash washout of the sand material towards the land (the oblasts with the development of the hilly sands are quite spread over the place). 

4. North-Sulak system, 10 km long, lays from Sulak mouth to the northern part of the Sulak bay.

6. Agrakhan system, including the coasts of the Agrakhan peninsula, the length is 84 km. 

7.  The creation of the artificial cut in the body of the Agrakhan spit for the flow of tersky waters led to the formation of the “new delta” of Terek, that divided this system into two subsystems: a) the southern and b) the northern. However, the unity of the system gets restored during the strong wave effect or small flow through the Main bank.

There are positive conditions for quite significant ash washout of beach sands towards the land. The repeated pasture of the cattle and the destroying of the flora coverage on separate sections of the Agrakhan peninsula favour it.  Thus, the calculations note the existence of the convergence of washout flow a bit to the south from the channel oblast, separating Chechen island from the Agrakhan peninsula. Indirectly the convergence is confirmed by the maximal width of Agrakhan peninsula in this place as well as by the maximum local growth of the marine part for the past years. 
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Рicture 2.9.3.1. The scheme of the litho-dynamic division to the regions of the Caspian coastal within the limits of the Russian Federation [16]: Main litho-dynamic oblasts (I-III) and the systems forming them (1-10): I – Derbent-Agrakhan; II – Terskaya (Agrakhan gulf); III – volgo-kizlyar; 1 – Derbent oblast; 2 – Manasskaya oblast; 3 – Caspiysko-makhachkalinskaya oblast; 4 - Severo-Sulak oblast; 5 – Agrakhan oblast; 6 – Terskaya; 7 – Suyutkinskaya oblast; 8 – bryanskaya; 9 – Kizlyar oblast; 10 – Voljskaya oblast. 
Map symbols: 1 – coastal line; 2 – borders of the litho-dymanic oblast; 3 – borders of the litho-dynamic systems.   

Таble 2.9.3.1. Main characteristics of the litho-dynamic  systems of the Caspian coasts [16]

	
	Litho-dynamic
	
	Length 
	Hydrogenous  
	 processes
	  Source
	of  pileups
	
	Ветровой

	№
	system
	Borders
	km
	Roughness
	Infra-gravity

waves
	Alluvial
	Biogenic
	Phitogenic
	вынос

	1
	Derbent
	Samur r. – Burun s. 
	100
	+++
	-
	+
	+
	-
	-

	2
	Manasskaya
	Burun s.- Satun s.
	31
	+++
	-
	-
	+
	-
	-

	3
	Caspiysk-

Makhachkala
	Satun s. – Sulak r.
	57
	+++
	-
	+
	+
	-
	-

	4
	North-Sulak


	Sulak r. – the north of Sulak bay
	10
	++
	-
	+
	+
	-
	+

	5
	Agrakhan
	North of Sulak bay – Checehn i.
	84
	++
	-
	++
	+
	-
	++

	6
	Terskaya
	Chechen i. – kraynyaya s.
	76
	+
	-
	+
	+
	?
	-

	7
	Suyutkinskaya
	Kraynovka s.  – Distal of Suyutkin spit
	36
	+
	+
	-
	+
	-
	++

	8
	Bryanskaya
	Distal of Suyutkinskaya spit- distal of Bryanskaya spit
	26
	+
	+
	-
	+
	-
	++

	9
	Kizlyarskaya
	Distal of Bryanskaya spit

- ivan-karaul peninsula
	110
	-
	+
	+
	++
	+++
	-

	10
	Voljskaya
	Ivan-Karaul peninsula – the east of delta
	150
	-
	+
	+++
	+++
	++
	-


Map symbols: +++ - strong effect; ++ - mild effect; + - weak effect;

                                       - - absence of effect; ? – the effect is suspicious.

6. Terek system (Agrakhan gulf), the length is 76 km from the north-eastern ledge of Checehn island to Kraynovka settlement. The development of these coasts is defined by the convergence of pileup flows, directed inside the Agrakhan gulf as well the by the inflow of the alluvial pileups from the terek channel.  
7. The system of Suyutkin spit with the length of 36 km is defined from the point of divergence of pileup flows at Kraynovka settlement up till the spit distal. The major washout is observed at the root part of the coast while the accumulation takes place not far away from the distal part. The turn of the direction of the distal of the spit for 90-110( testifies the of the full stoppage of the alongshore transport of pileups and that allows to look at this geomorphologic object as at an litho-dynamic system. In the back part of the spit under the angle of 45( towards the coast line there is a unity of ash pileups – the ridge sands that testify about the washout of sand towards the land. 
8. The system of Bryanskaya spit, long as 26 km, is characterized by the obvious similarity of the litho-dynamic processes happening here and their space placement in comparison with the system of Suyutkinskaya spit. Let us pay attention to the significant ash washout towards the coast in the form of ridge sands, breaking the coastal line under the angle of 40-60(.  One can consider that Suyutkinskaya and Bryanskaya spits are the most significant ones as per their forms, created under the influence of wind waves.  
9. The Kizlyar litho-dynamic system of 110 m of length combines both Kyzlyar coasts and the coasts till the Ivan-Karaul peninsula and the traverse of Caspiysk settlement, adjoining the Volga delta. The coasts of this region are characterized by the sharp weakening of the effect of wind waves. The wave effect is realized mainly during the significant wind pileups.  The coasts are characterized by the exclusive shallowness, the bents of the coastal slope to the depth of 5 meters are altogether 0,000125. The distribution of the water leads to the wide development of the phytocenosis on the shallow waters. The phytogenic coasts demonstrate the most colorful processes. The wealth of the production leads to the blossom of the Zoo Bentoce and the forms of the relief created here look mostly here like the sand-bars, formed by the rejection of the shell material from the bottom.  The reed flora promotes the sediments within the frames of the litho-dynamic system of suspension, arriving here under the effect of directions, coming from the Volga delta.  
10. the Volga litho-dynamic system is a shallow in-mouth of the coast of the Volga river, having the length of 150 km along the shore. The analysis of the distribution of the depths of the in-mouth seaside, done on the basis of navigational maps of the scale 1:200 000 to the depth of 5 meters, allows to conclude that the shallow areas deep as 1 meter prevail in number. There are about 27 % of the surfaces like that. At the same time the meter distribution of the depths in the range from 1 to 5 meters find close parameters of frequencies from 14 to 17 % in each of the meter ranges. The islands of delta and the dewatering cover the space of 5 and 7 % squares accordingly. The influence of the roughness during the given distribution of the depths and bents appears to be the essential one only at the marine boundary of the delta.  The constant current, acting along the perimeter of the delta of Volga to the east brings a huge volume of suspension towards the Kizlyar gulf.  Before the weight material reaches the Kizlyar gulf it bumps into the Volgo-Caspian channel, cutting through the submarine part of delta from north to south till the depth of 5 meters. According to the data, belonging to the 50-s of our century from 5,5 to 7 millions of cubic meters of soil gets piled up in the channel annually. It is possible that the last parameter is a raised too high, however, one should note that the significant volumes of the pileups along with the hard flow within the limits of the Volga delta are produced when the water flora fades away (first of all the reed growing areas).     
If to enlarge the division to regions then there are three litho-dynamic oblasts within the borders of Russian costs of the Caspian Sea [16]: I – Derbent-Agrakhan one – length is about 282 km; II – Terskaya (Аgrakhan gulf) – 76 km; III – Volgo-Kizlyar oblast - 322 km (picture 2.9.3.1). The presence of the first oblast is defined by the absolute prevailing on the coats of Dagestan of the alongshore movement of pileups from south to north with the convergence of pileups nearby the distal of the Agrakhan peninsula. The obstacles of the direction of such a movement are created by the ledges of capes or by the transversal coastal-marine hydroengineering constructions on the territory not exceeding 4% pf the coast length.  The second oblast represents the convergence of flows of pileups into the Agrakhan gulf. The third oblast gets formed by the alongshore movement of the pileups frm one side and the in-flow of pileups from the delta of Volga, from the other side, towards the sedimentation center of the Kizlyar gulf. 

2.10. The references

1. Hydrometheoroly and hydro-chemics of seas. Volume VI, Caspian Sea. Edition 1. Hydrometheorlogical conditions / editor F.S.Terziyev, A.N.Kocarev, A.A. Kerimov. SPb Hydrometeoizdat, 1992- p. 359  

2. Yeshenko L.A., Nezeretskiy L.H. – some  peculiarities of transformation of waves and dynamics of relief at the bottom of the shoal coast // tr.GOINa. edition 103, 1970.

3. Yeshenko L.A., Shipilova L.M. – wave processes on the shoal caosts and their role in the formatioin of accumulative coasts//. Theoretical problems of the development of the sea coasts. M, Science, 1989.   

4. Caspian Sea. Hydrology and hydrochemics / Under the edit. S.S. Baydin and A.N.Kosarev. M, Science, 1986, p. 262 

5. Caspian Sea. Hydrology of the river mouths of Terek and Sulak / under the edit. Of A.N. Kosarev and V.N. Mikhaylov, M.: Sience, 1993, p. 160.  

6. Кravzova V.E., Lukyanova S.A. Dynamics of the dewatering within the limits of Kalmizkiy coast of the Caspian Sea in accordance with the raising of the sea level. The Coast of the seas and internal reservoirs. Novosibirsk, edit. SO RAN, 1999, pp.18-30.

7. Mikhaylov V.N. The mouths of rivers of Russia and border countries: the last, the present and the future. M.: GEOS, 1997, p. 

8. Mikhaylov V.N., Issupova. Povalishnikova E.S. The change of the water regime of the mouth oblast of Volga under the effect of long term vibrations of the Caspian Sea // Reservoirs, 2000, volume 4, pp. – 400-415.  
9. Mikhaylov V.N., Mikhaylova M.V. Many-year bed deformations on the mouth sections of Terek and Sulak under the influence of vibrations of the level of the Caspian Sea // Reservoirs, 1998, volume 25, pp.-389-398.  
10. Mikhaylov V.N., Povalishnikova E.S. Once again about the reasons of the changes of the level of the Caspian Sea in XX century // Geography, 1998, volume 3, pp.-35-38.

11. Mikhaylov V.N., Richagov G.I., Povalishnikova E.S. Where the recent raising of the water level of the Caspian Sea and its consequences a natural disaster?  // Vestnik , 1998, volume 4, pp.-51-60.  
12. Rjeplinsky G.V., Nazaretsky L.N. – The regime of roughness of the shelf defined water areas on the example of the Black Sea // Meteorology and hydrology. 1974, volume 1.  

13. The Manual on the calculation of the parameters of the wind waves. L,. Hydrometeoizdat, 1969.

14. Richagov G.I. Level regime of the Caspian Sea for the past 10 thousand years. Vesti, MSU, geography, 1993, volume 3, pp. 38-50. 
15. Safyanov G.A. Geomorphology of sea coasts. Geographical faculty., M., 1996, p.400. 

16. Safyanov G.A., Ignatov E.I. Shipilova L.M. – The dynamics of the coastal zone.//Geological ecology of the adjoining to Caspian Sea areas. Edit. 1. Geo-ecological changes from the vibrations of the Caspian Sea level. Geographical faculty MSU., 1997, pp. 87-113.  
17. Snip 11-57-75. Technical conditions of definition of the wave effects on the sea and river constructions and the coasts. M., 1975. 
18. Mouth oblast of Volga: hydro-morphological processes, the regime of the polluting substances and the effect of the vibrations of the level of the Caspian Sea. / Under the edit. Of V.F. Polonsky, V.N. Mikhaylov, S.K.Kiryanov. M.: GEOS, 1998, p. 280.  
19. Kravtsova V.I., Lukyanova S.A/ Studies of Recent Changes in the Caspian Coastal Zone of Russia Based on Aerial and Space Imagery. Journal of Coastal Research, Vol. 16. No. 1, 2000, p.196–206.

2.11. Gratitude. 
When preparing the overview the materials, received for the long term period of expeditionary and analytical researches of the chair on geomorphology and paleogeography, the chair on hydrology of the geographical faculty of MSU, as well as the researches, realized when preparing the TED “Caspiy” and TEO of urgent activities along the Caspian Sea coasts were used. The authors of these works thank all the participants of these works for provision of published and hand-written materials. A special gratitude is expressed to G.I.Richagov, E.G. mayev, L.M.Shipilova, G.D.Solovyeva, E.I. Iznatov, S.A. Lukyanov, V.I.Kravtsov. 

3. BIOLOGICAL CHARACTERISTIC OF THE COASTAL ZONE AND BILOGICAL RESOURCES. 

The problem of the preservation and use of the biological and landscape varieties has important meaning in the context of the tasks of supervision of the coastal spaces. This is bound with the fact that the biological variety is a natural base of the stable development on the local and regional levels; and is the base for supporting the stable exploitation of commercial biological resources as the base of the feeding of the population, development of the corresponding fields of industry and of the coastal infrastructure; totally defines the recreational qualities and attractiveness of the coastal regions; is a special genetic reserve of the region, bound with the presence of  valuable, endemic and rare biological species. Besides, the presence of the system of the specifically protected natural resources (preserves, natural parks, and so on), that are the potential kernel of the natural regeneration of the degraded ecosystems, assists to stabilize the condition of the environment of the whole Caspian region.

Big variety of places of habitation and mixture of species is characteristic for the Caspian Sea. The places of habitation are represented by wide river systems and deltas with their rich humid lowerings, huge vast reed-growing areas along the northern coast, quite fresh watered (108%) vast shallow areas of the Northern Caspian (about 25% of the whole square of the sea surface, but only 0,5 % of the whole volume), saltish (10-11%) and deeper regions of the Middle and Southern Caspian.   The lists of above-ground species of the region include the salt-resistant desert plants, coastal birds, creating big populations and not numerous ground mammals. The Region of the Caspian sea is situated on the cross of the ways of migration of the millions of birds of passages. The water species include the freshwater fish, migrating fish that spawn in the rivers and fatten in the sea and the fish that lie only in the sea. Fish get used to the wide spectrum of ecological conditions. Sturgeon fish are the most famous ones among the fish adjusted to the significantly changing saltiness of the Caspian Sea. The species of sea birds are very different and their multiplicity is very high here, although some of the species belong to the rare and disappearing ones from the world’s ornithofauna.  The Caspian seal is the wide spread trade specie. It reminds of possible ancient connections with the species of seals, that lived in the cold arctic waters. 

3.1. The biological variety of the sea. 
The biological variety of the sea is 2,5 times poorer than the biological variety of the Black Sea or 5 times poorer than that of the Barenzevo Sea. According to the classic information of L.Zenkevich (1963) the fauna (that is the list of al animals) of Caspian Sea consists of: 62 types of the elementary, 397 invertebrate species, 79 vertebrate species and 170 species of parasitic organisms. Of those 718 species 46^ are the endemics of the Caspian sea, 66% take their origin from the neighbouring  southern seas, 4,4 % have Atlantic and Mediterranean  and 3% Arctic origin. One should note that the real biological variety of the Caspian Sea is not known for both plants and animals.  There are a lot of new species and subspecies waiting for their description. Besides, to give a strict characteristic of the biological variety of the Caspian Sea is difficult because of the difference with the characteristics of freshwater species and forms, bond with the rivers of the basin. 

The modern Caspian Sea is optimal only for the saltish species, taking their origin from both the sea and the continental water reservoirs. He fish and cancroids make the  variety of the Caspian Sea, because these organisms can live in the wide range of salt waters (osmoregulatory): from the freshwater to more salty than the oceanic waters. Modern biological formation reflects the complicated history of its transgressions and regressions, desalination and visa versa.  

The modern Caspian Sea, according to its origin, is a part of ancient slightly salty Pontichesky Lake, existing 5-7 million years ago. That is why the most ancient organisms are the species from the salty waters. Among them the highest percent of the endemic species and even families are noticed. Thanks to the relatively stability in time, the regime of saltiness (it is always slightly salty) and its geographical condition almost all avtokhton species are found in the Middle Caspian Sea and accordingly, the highest number of endemic species are found here. On contrary, the Northern Caspian Sea has the highest variety of places of habitation. This is reasoned by the presence of big rivers, such as Volga and Ural, thanks to the flows of which the mixture of the sea and freshwater fauna takes place. It was through the river system of Volga that Arctic and Mediterranean species could enter the Caspian Sea at all times.  

Seal, white salmon, salmon, small cancroids arrived into the Caspian Sea during the period of glacial epoch from the Arctic seas. The ordinary for the seas, connected with the oceans, cephalopoda, medusoids, sponges, Polychaeta worms, polyps are absent in the Caspian Sea, but as the acclimatization measures showed, they are very well adjusting to the environment of the Caspian Sea. They do not exist due to the fact that they arrived into the Black Sea from the Mediterranean when the Caspian Sea was already isolated. That is why only the sea spine, atherine and one species of bullhead, that arrived into the Caspian Sea before it was cut from the Black Sea, have the Mediterranean origin.

The distribution of the functional-trophic groups and its separate representatives shows, that Caspian Sea is one lake ecosystem. High changeability of the resident regimes of course has assisted in formation of species with wide ecological niches and high potential biological productivity. A successful existence of this ecosystem is defined by the vast oblast of the well-warmed shallow waters of the Northern Caspian Sea. It is important to note that the Caspian Ecosystem is managed, in most of its aspects, by a human being. Regarding the sturgeon species it became one big “fish producing pool” for the common use. The support of the school of sturgeons is almost fully provided by the actions of the fish producing plants, the placement of which is justified only in the deltas of the northern adjusting Caspian. In general the ecosystem of the Caspian Sea depends on the condition of its northern defined areas of water, that are mainly in the sphere of the direct and indirect management on the basis of the economical activity. 

The production features of the Caspian Sea are defined by the arrival of the organic substance with the river flow and wind (ash) sediments; organic substance of phytoplankton and high rank water flora, the development of the bacterial plankton and the destruction of the organic substance in the water thickness and bottom ground.   The relation between the overall production  of phytoplankton and bacterial plankton is approximately 2,2:1. The mineral feeding of phytoplankton in the process of phytosynthesis is realized thanks to the biogenic substances, pilled in the deep-water zone of the Caspian, arriving along with the river flow (in the mineral and organic forms) The organic forms of the organics go through the process of destruction and salinity with the participation of microorganisms and after that they are reachable for the use by algae.    

The gross output of the primary organic substance of phytoplankton for the period between 1964 and 1984 reached 143,4 millions of tons of carbon. Along with that 19,9; 44,4 and 35,7 % of the organic substance are formed in the northern, middle and southern parts of the Caspian Sea. The raising of the level till the mark of 027,75 m the annual gross output of the organic substance in the Northern Caspian increased approximately in 1,68 times, having ended up with 47,72 millions of tons while it became 280,6 millions of tons of carbon for the whole sea.   Along with that the correspondence of productivity of the sectors of the Caspian Sea changed for 29,3; 39,2 and 31,5 %. When the level raises to the mark –26,5 m per year the gross output of phytoplankton increases till 318,9 millions of tons.   The high specific productivity of the Caspian is 0,5% of the overall volume of the sea and it produces from 20 to 30 % of the primary organic substance, defining the peculiarities of the functioning of the ecosystem of the Caspian Sea. 

The turnover of the substance in the sea is not closed. The biogenic substances pass through the food (trophic) chains from phytoplankton and phytobentoce to fish and different ichthiofags and then are lead out from this turnover during the piling up of the sediments and then are withdrawn by the human being when trading the fish, animals and birds.    The turnover of the substances in the sea is not closed.  

There are more than 200 cultures of the heterotrophic bacteriums belonging to the 60 species and 22 varieties of families. The northern Caspian contains more species and varieties of bacteriums that the Southern and Middle Caspian, and that again is bound with the arrival of waters from Volga, reach with biogenic elements. Of 145 researched stamps 59 can oxidize the raw oil. All in all there are 13 species of asporogenic yeast in Caspian, belonging to 4 families.   Al of them in not very big numbers are found in the Northern Caspian and some of them actively assimilate the oil and oil products. Fe- Mn- oxidizing bacterium are the most numerous and manifold in the silt of the Northern Caspian. 

Overall number of the microorganisms in the waters of the Northern Caspian in the seasonally and spatially is divided not equally.    The winter season is characterized as a rule by the minimal presence of bacterium. The noticeable increase of the population of microorganisms is noted in spring, however the pick of population is appearing in summer and autumn (up to 200 mln. kl/l), when the average number of bacterium is 10-20 times more than during winter period. The saprophyte bacterium in huge scales realize salinity of the organic substance and in accordance with that a special role in regeneration of biogenic elements and in the processes of the reservoir purification. Thanks to the easy accessible forms of the organic substance the main mass of the saprophyte bacterium is represented by the porousless forms.

All over the Caspian Sea there are 450 species and forms of phytoplankton. In 1986-1994 230 species of the phytoplankton were found in the Northern Caspian and 82 in the Middle Caspian.  According to the latest data the composition of plankton micro algae only for the Northern Caspian more than 400 species and that is explained by the development of the freshwater forms with the growth of arrival of waters of Volga. Among the freshwater forms the first in their number are the green algae. As per the biological weight the thread algae are first in the row. Blue-green algae are represented by the freshwater and saltish water forms, but their role is not significant. The diatomic forms are widely spread and represented equally variously in all ecological groups. They occupy the leading place as per the number of species, their composition is the most stable one along the whole vegetating period.  The algae rhizosalinity is the massive one among the others and was first time found here in 1934; it arrived to Caspian from Azov-Black sea basin.  

The main variety of species of zooplankton is dated to the delta regions and desalinated Northern Caspian. However, the majority of autochthonous species (about 50% of zooplankton fauna) live in the waters with salt consistence of 12-23 %, and mainly in deep-water parts of the sea. Five representatives of the Arctic species are also deepwater ones and may stand a high salinity. The representatives of the Mediterranean complex are mainly aerogalines and they live in all parts of the Caspian Sea. Endemisity of plankton fauna is quite high and makes 20% of the overall number of species.   

The specific content of zooplankton of the Northern Caspian counts more that 200 species. Loser to the south the change of organism complexes from saltish ones to the ones that can live in different levels of salinity and further to the marine ones can be observed. In the zooplankton of the Northern Caspian in the modern period when the water level raises in Volga the defined area of water enlarges the stable tendency towards the increase of the number of species of the freshwater complex (from 54 to 62%) is observed. For the past years 81 species of zooplankton were found and registered. The level of the development of zooplankton in 1986-1994 was 1,5 times higher than in the period of the falling of the water level (1973-1977). In Middle Caspian the qualitative composition was less various – 60 species, and mainly the copepoda cancers – up to 77 % of the overall biological mass.  The maximum qualitative indicators of the biological mass and the quantity of zooplankton were noted during all years of the research at the western coast. All in all, the distribution of the zooplankton agrees with the distribution of phytoplankton.    
For phytobentoce of the Caspian Sea they know 87 species of algae-macrophytos, belonging to 5 types, 8 classes, 17 orders, 24 families and 45 kins. The coastal ground flora of the Northern Caspian counts 357 species of 35 families of high rank plants. Wide-spread families are the base of it, while the prevailing living form is the grasses – 86 % from the overall number of species. The representatives of the European, Siberian, Iranian and Turan and Mediterranean flora are found here. Among them one can find very rare and endemic species.   

The ground flora (macrozobentoce) of the Caspian Sea is formed by 3879 species, representatives of 13 classes. As fort he whole flora of the Caspian Sea the percentage of the specific endemism of families and species (41%) is characteristic. The endemity is characteristic for cancroids and that testifies about the fact that the ecosystems of the Caspian are very ancient. As a whole the ground flora is distributed in the following manner: 


Аutochthonous Caspian complex – 310 species;

Mediterranean complex  -29 species;


Arctic complex - 9 species;


Freshwater complex - 31 species. 

More than a half of autochthonous species is adapted to different conditions of salinity and temperature. The ground flora of the Northern Caspian in comparison with Southern and the Middle ones is poorer as per the content of species. Moving from the south to north the autochthonous Bivalvia and gasteropods disappear bit by bit. In the Northern Caspian 234 species of ground animals, 132 species of autochthonous complexes, 4 species of the Mediterranean species and none of the representatives of the Arctic species were found.   
The macrobentoce of the Caspian is quite various and is characterized by the high biological mass, leaving a stable feed basis for the number of the most valuable food objects, among them bentoce eating surgeons  (таble. 3.1.1). According to the data as of 1951-1963 the Caspian cancroids included 114 species. There are lots of mollusks among them – 57 to 70 % of all local autochthonous species.   The ground fauna of the Northern Caspian lives through the significant changes in accordance with the vibrations of its level. Despite the fact that size of the total biological mass of bentoce is approximately on the level of shallow water years (1973-1974) and varied between 47,8 and 67,5 g/m2, the cancroids (4% more), worms (60% more), chironomids (65% more) are developing more intensively in the present period. The leading species among the mollusks are Mediterranean guests mithilyaster and abra. Differing from the low water period the development of the marine species and freshwater forms is less intensive, while the biological mass is of saltish and freshwater forms of mollusks have higher indicators. The distribution of the ground of the invertebrates in mainly defined by the salinity. The biological mass of the forms of the Mediterranean complex increases from north to south and with the depth. The mass development of the majority of the species of the freshwater and autochthonous complexes is observed at the depth of less than 6 m. many species are dated to the specific types of the ground. 

The increase of the level and the desalinating of the waters of the Caspian Sea carry the changes in the qualitative and quantitative indicators of the hydro bionts.  In all sectors of the sea increased the significance of the organisms of the freshwater and saltish complexes. The role of the tiny food algae has increased for phytoplankton. In zooplankton there are now positive conditions for the development of the Rotifera. The level of development of the production of food of intertebrates for the Caspian sprat is stable. 
The specific composition of the periphytonus (biofouling) of the Caspian Sea counts about 200 species of algae and more than 60 species of invertebrates. From the total number of all the species, noticed in the growths of the Caspian Sea only 8-10 play significant role. As it is the fauna of the growth of the Caspian Sea is qualitatively poor and there are only five species of animals-growers. The species that arrived from other places play significant role in growth. The maximal biological mass of the growth in the Caspian Sea is 7,5-10,0 kg/m2. Despite the massive development the growth in the Caspian Sea has not formed fully yet. 

Ichtiofauna of the Caspian Sea counts from 124 to 156 species and subspecies of fish, representing 17 families. The majority of them are the carps (33% of the overall number of all species), bullheads (28%) and herrings (14%), altogether ¾ of the ichtiofauna.  Relatively high percentage compose the sturgeons (5%). 63 species and subspecies of fish (50%) are autochthonous, 5 belong to the Mediterranean complex, 2 species belong to the Arctic complex and 56 species and subspecies (44%) belong to the freshwater complex. Eight species of fish appeared in the Caspian Sea in the result of the activity of a human being (Siberian salmon, white and colorful fat-foreheads, white amur, river blackhead, gambusia and two species of gray mullet). 

Таble 3.1.1. Feed production of the Caspian sea and its use by the food fish.  

	Indicators 
	
	Years
	

	
	
	1986-1990
	1991-1995

	Total production, 
mln. t. 
	Animal Plankton

Animal Bentoce 
	100,8

677,6
	97,8

747,3

	Reserves for food fish, 
mln. t. 
	Vobla

Bream

Sturgeon

Stellate Sturgeon

Anchovy Sprat

Big eye Sprat

Ordinary Sprat 
	9,2

5,5

11,9

15,8

29,5

22,3

51,3
	13,3

5,2

17,5

10,8

29,0

22,5

44,5

	Annual ration of food, 
mln.t.
	Vobla
Bream

Sturgeon

Stellate Sturgeon

Anchovy Sprat

Big eye Sprat

Ordinary Sprat
	3,9

0,8

2,3

1,12

19,7

15,4

23,1
	6,6

0,8

0,85

0,338

20,0

16,1

22,8

	The level of the use of food, %
	Vobla

Bream

Sturgeon

Stellate Sturgeon

Anchovy Sprat

Big eye Sprat

Ordinary Sprat
	42,4

14,0

19,5

6,8

19,5

15,4

23,1
	49,6

15,4

4,9

3,1

20,4

16,1

22,8


Comparing with the World Ocean and with the adjacent seas the animal world of the Caspian Sea is poor for its species, but rich for its number of valuable food fish. For example, there 180 species of fish in the Black Sea, and 540 of them in the Mediterranean Sea and only 62 in the Caspian Sea. With relatively not big variety of the species composition the Caspian Sea is the most productive one for its ichthyological weight. 

The distinctive feature of the Caspian fauna is the endemism.  It is noted starting from the family and further to smaller taxonomic categories. The number of endemics on the level of the family is 8,2 %, of the species – 43,5 % and of the subspecies – 100%. 4 species of endemic families, 31 endemic species and 45 endemic subspecies of fish live in the Caspian Sea at present. The majority of the endemic species and subspecies belong to the family of the bullheads and herrings and that testifies of the energetic process of the formation of the species in these groups.  Specific hydrological conditions allowed different herring groups to get formed – the connecting, semi-connecting and marine. The differences of these groups reached the level of the species and that lead to the formation of 6 new endemic species. 

Along with the fish, the natural habitat of which is comparably limited there are lots of forms that perform long migrations in one of the zones of the Caspian Sea into other forms, as well as from sea into the river.  The majority of the forms from the composition of ichtiofauna belongs to the category of marine and river fish, the rest belong to the connecting and semi-connecting ones (see table 3.1.2). 

Таble 3.1.2. The distribution of the ichtiofauna to the biological groups. 

	Biological Group
	Species and subspecies

	
	Quantity
	%

	Marine
	53
	43,5

	River
	42
	34,4

	Connecting 
	18
	14,7

	Semi-connecting
	9
	7,4


The herrings and bullheads, gray mullets, atherina and sea pike perchs spawn in the sea mainly. The representatives of the families of sturgeons, herrings, salmons, carps, perchs and others spawn in the rivers and reservoirs.    Some spawn in the sea as well as in rivers, and for some (bullheads, Caspian paunchy, ordinary sprat) spawn mainly in the sea, while the others (sazan, barbell) spawn in rivers.   The composition of ichtiofauna as it was mentioned, reflects the complicated evolution of this basin. The representatives of the modern Caspian ichtiofauna first appeared 5-7 million years ago in the slightly salty Pontonic Sea. Among them there were the fish that were typical for the modern freshwater and salty waters.  

In the distribution of the ichtiofauna of the Caspian as well as of all its fauna the vertical zoning is brightly expressed.  The main mass of the Caspian Sea lives in the coastal zone of the sea up to 50-75 meters. The deep-sea fish prevail in their mass, mainly the sprats. The Black Sea gray mullets got adapted to the Caspian Sea very successfully in 40s.   
The length of life of Caspian fish specific for each species mainly depends on the combination of the favorable and not favorable conditions of their existence, while for the food species it depends on the level of the effect of the trade.  For the majority of fish the length of life is not more than 6-8 years. The sturgeons live much longer: the while sturgeon lives up till 60 years, the sturgeon lives till 40 years, and the stellate sturgeon lives 30 years. The sprats, bullheads and button heads live 2-4 years – the shortest life period. During the different periods of its life fish occupy significantly different places in the trophic chains: from low steps of the caviar and larvae and up till high levels on the adult stages of some predatory fish and bentoce eaters. 

The connecting fish (vobla, pike perch, bream and others) and the river (freshwater) fish of the Caspian Sea are represented mainly by the family of bullheads, the life activity of which is bound with the lowering of Volga and Ural rivers, although you find them far away from those places (table 3.1.3). In the mouth of Volga and Terek the fish that are considered freshwater or saltish water fish are quite numerous. Those are sazan, rudd, pike perch and ling. The number of small freshwater species of fish (rudd, gustera, tench, perch, crusian) and some other big freshwater species (cat-fish, ling, sazan) in the Volgo-Caspian area do not suffer from sharp vibrations, that are characteristic for the semi-connecting fish and depend on the parameters of the spring high waters on rivers.    

Таble 3.1.3. Some important species of food fish, found in the waters of the Northern Caspian, the sections of the spawning and the places of their concentration. The main spawning places are given in bold.

	Specie
	Sectors of spawning
	Dates of movement to the spawning places
	Places of concentration in the sea. 

	Caspiomyzon wagneri
	Volga, Kura, Ural, Теrеk
	IX-XI (Volga) XI-II (Кura)
	In-delta sectors

	Beluga Huso huso
	Volga,  Кura
	IX-XI, IV-V
	In-delta sectors

	Russian sturgeon Acipenser guldestaeti
	Volga, Ural, Kura
	III-X
	In-delta sectors, south of the western coast

	Stellate Sturgeon Acipenser stellatus
	Volga, Ural,

Кura, Теrеk, Sulak
	VI-VIII
	Western  coast of Caspian to the south from Agrakhan p-la

	Acipenser nudiventris
	Ural, Volga
	IV
	South of the eastern coast

	White salmon Stenodus leucichthys
	Volga, Ural
	IX-II
	Northern coast

	Roach, vobla Rutilus rutilus
	Volga, Ural, Terek
	III-IV
	Spawn in avandelta; in autumn – in the in-mouth places, in summer – along all water areas on the depth of 206 m.. 

	Aspius aspius
	Volga, Ural, Terek
	IV-V
	Delta sectors

	BreamAbramis brama
	Volga, Ural
	IV-V
	Delta sectors

	Pelecus cultratus
	Volga, Ural, Terek, Кura
	IV-V
	In-delta sectors, passes winter in rivers

	Sazan Cyprinus capro
	Majority of the rivers of the basin
	V-VI
	Delta sectors

	Ordinary Perch Perca fluvifnilis
	Caspian Sea
	III-IV
	Delta sectors

	Ordinary pike perch Stizostedon lucioperca
	Majority of the rivers of the basin
	III-IV
	Delta sectors

	Sprat ordinary Clupionella delicatula caspia
	Northern Caspian, shallow waters
	V-VI
	Desalinated shoals, in summer in the ioen sea in the depth of 100 m, passes winter on the south, partly in the middle Caspian. 

	Caspian herring Alosa caspia 
	Avandelta of Volga
	V-VI
	In spring – avandelta of Volga, passes winter on the south of Caspian, migrates along the western coast

	Volga herring Alosa kesleri volgensis
	Volga, Ural
	IV-V
	In spring – delta of Volga, passes winter on the south, partly in the middle Caspian.

	Black-back herring Alosa kesleri kesleri
	Volga
	V-VI
	In spring – delta of Volga, passes winter on the south of Caspian, in spring migrates to the western coast.

	Caspian salmon Salmo trutta caspicus
	Кura, Samur, Теrеk
	X-II
	West and south of Caspian

	Grey mullet Mugil auratus
	Shallow waters in Middle and Southern Caspian
	X-XI
	Passes winter on the south of Caspian, in spring concentrates along the coast


The bullheads occupy a very special place in the ichtiofauna of the Caspian Sea. Their specific variety (35 species and subspecies) is compared only with the ocean basins. The degree of ecological elasticity of these fish is also very high. However, these dominating species are not very numerous in the Northern Caspian Sea.   

The representative of the class of atherion likes - Atherina bogeri caspia, is the endemic of the Caspian Sea, and it is wide spread all over. 

At present the connecting herring is represented by one subspecies: the black back herring.

There are 6 species of sturgeons in the Caspian Sea. This is an ancient phylogenetic group. There is no other place in the world with such a big variety of sturgeons. The presence of the branch and wide river systems such as Volga, Ural, Kura and others, allowed the richest variety of species and ecological variety of sturgeons to live in the Caspian Sea.  Besides, there are subgroups in each species and they differ in their spawning places and the places of resting. This lead to the maximal assimilation of Caspian resources by sturgeons. All this testifies of the ancient age of the Caspian Sea and its uniqueness as a natural laboratory where there are the conditions to preserve the ancient group of sturgeons as well as to allow other fish groups to develop themselves (bullheads, herring).  

The wide natural habitat in rivers, flowing into the Caspian Sea. High supply of food in the reservoir itself allowed the formation of the biggest cattle of sturgeon fish here. The sturgeons on the north-east of the Caspian and in the basins of Volga and Ural are represented by the following species: white sturgeon, thorn, sterlet, Russian (north-Caspian) sturgeon, stellate sturgeon.  Sterlet is a typical river fish. Each species of the sturgeons has very complex population structure. The populations are “bound” with the separate spawning natural habitats.  At present there are minimum 20 isolated populations of sturgeons in the basin. However, the food meaning is kept only by the Volga populations of stellate sturgeon, Russian Sturgeon and white sturgeon and Ural populations of the white sturgeon and stellate sturgeon. Actually the trade is based on two species: stellate sturgeon (Volga, Ural) and Russian sturgeon (Vola population), giving not less than 85% of the whole catch of the Caspian sturgeons.   

Russian sturgeon is represented by two populations – Volga and Ural ones and by two seasonal races – spring and winter ones.  As per the character of feeding, the sturgeon is bentoce-mollusk eater. The main part of its life sturgeon spends in sea, and having reached the older ages it travels to Volga, Ural, Kura and Terek for spawning. At present there are 22 spawning places of the total square of 372,1 ha functioning in Volga. In Ural the total square of the spawning place covers 226 ha. In other rivers of the basin the natural production of the sturgeon is almost absent. The share of young and non-food species of the sturgeon population has increased, the indicators of the absolute length, mass and age of the fish has decreased, the percentage of the relative and absolute number has decrease too. The absolute number of the developing sturgeon had decreased from 60,5 million to 21,2 in 1994. 

The white sturgeon is represented by three populations: Volga, Ural and Kura. The share of Volga population in 1989-1990 was 54%, of Ural - 43,2-44,0%, Kura-2,8-1,5% from the number of all sturgeon in the sea. In 1992 the Kura sturgeon was not met in trawl conditions, while the absolute number of the Volga sturgeon had even increased. The winter race prevails in the population (up to 80%). 
The marine food species of fish are the sprats, herrings (Caspian, southcaspian), gray mullets. The natural habitats of these species cover all the natural habitats of the sea, but with quite significant differences. The shallow water northern part of the has an important role as the region of production of marine species, their development on early stages of onthogenesis and is less significant as the developing living habitat for adult fish. The ordinary sprat, dolgin herring, Caspian and big-eyed paunchies belong to the reproductive species of the Caspian Sea. The Caspian species do not have brightly expressed winter period and that is explained by the favorable climatic conditions, providing the development of the food organisms and active feeding of fish all year long. Middle and Southern Caspian play important role as the developing natural habitat.  
Caspian seal, the endemic of the Caspian Sea, is mainly ichtiograph with high plasticity of the feeding. It has long trading history, with raisings and fallings down within 2-3 centuries. In XX century the trade size was hundreds thousands heads.  Tough regulation and the change of the profile of the trade onto the fur increase, realized in 1966-1970 allowed to stabiles the number of the population of the Caspian seal on the level of 500-600 thousand heads with the matrix cattle of 90-100 thousand reproducing females. In 1986-1989 the number of the females decreased to 30-40 %. During the last decade the definite destabilizing processes have been noted in the population of the Caspian seal. The number of heads in the population decreased for 20%. He crisis of reproduction of the population, in its turn, is the result of the unfavorable processes, happening in the ecosystem of the Caspian Sea. During spring-summer seasons massive death of seals was noticed on the living habitat of the Northern Caspian. The reasons are not clarified fully as yet.    

The variety of saltiness in the vast, wide scale of its varieties in time, big variety temperature conditions during year and, in general, the fact of high opening of the ecosystems define the wide possibilities to bring in new species, possibly resulting with the structural and quite unfavorable changes of the ecosystems. The incomers of the Caspian Sea are quite well known. Policheta from the family of Sabellidae - Manayunkia caspia quite possibly entered the Caspian Sea from Arctic. Recently two more incomers from the Black Sea entered the Caspian Sea. Those are plankton Copepoda: Calanipeda aguaedulcis and Acartia clausi. The incomers from the Atlantic and Mediterranean would appear again and again in the Caspian Sea and that would definitely lead to the processes of the setting of the new balance between the aboriginals and the incomers. 

The biggest worries are bound with the appearing of the an incomer, that arrived into the Caspian Sea in XX century -  (Mnemiopsis leidyi). This species-incomer comes from the saltish basins of the Northern America and is known from the heavy consequences for the ecosystem of the Black Sea, where it has significantly changed the trophic connections with the ecosystems and its commercially important biological food production in the 90s of XX century.  

3.2. The biological resources of the sea. 

The Caspian basin has exclusively high fish economic meaning (table 3.2.1). Not in far away past the annual production of was 500-600 thousand tons of fish, and the main trade fish were white sturgeon, sturgeon, stellate sturgeon, sterlet, white salmon, connecting and marine herrings, pike perchs, breams, sazans, voblas, cat-fish, jerekh, kutum and others. Such a position was kept till the beginning of the 50s of the present century, when the hydro construction, annual redistribution of river flows, the limitation of spring passes, the fence of the big volumes of water for irrigation and other needs, the exploitation of the water fences without effective means to protect fish and the pollution of the water led to the worsening of the reproduction conditions of valuable fish of the Caspian basin, the shortage of their reserves and catches. Thus, if 1932-1936 the annual catches of the food fish (without sprat) by all fish catching enterprises (excluding Iran) were 394 thousand tons/year, and in 1951-1955 they decreased to 283 thousand tons/year, and in 1990-1995 – to 81 thousand tons/year. Starting from the 50s the trade of sprat in Middle and Southern Caspian Sea got activated in order to compensate the lack of catches of valuable fish. The catch of sprats by the Caspian countries (except Iran) composed about 100 thousand tons in 1997. The share of Russia in the total catch of sprats in comparison with 1996 increased from 77% to 90%. 
Таблица 3.2.1.
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1990 | 0.01 - 137 23 | 2353 | 48 | 169 | 42 | 103 (03] 43 |005[ 01 | 40,7 1 02 | 20,8 | 11,0 | 0,02 | 3240
1995 | 005 2.9 16 | 1079 40 | 252 | 26 | 54 | 07| 37 -+ 01 | 41,7 j002{ 162 | 10,6 | 0,05 | 1810
1997 | 0,02 - 1,3 23 11020 41 | 274 | 32 | 80 {07 35 - 04 | 47,3 10021 12,1 ] 12,7 | 0,01 | 1782
1998 | 001 1,5 33 [ 1322 ] 1,9 | 22! 36 [ 81 |07 42 [ 001] 01 | 415 |[901] 74 10,9 [ 001 | 1976





Of the overall number of Caspian fish only 40 species and subspecies have trade value, besides, all these fish are found quite rarely in the catches.  The condition of fish reserves of the Caspian Sea at present is conditioned by the transgression and the high waters of Volga. The improved conditions promoted the increase of the biomass of all parts of the food chain – phyto-and zooplankton, bentoce.  The favorable trophic condition in the Northern Caspian became available for the developing of the ordinary sprat, semi-connecting fish and stellate sturgeon. However the absolute number of the sturgeons in comparison with 1991 continues to grow and is 25-30 million specimens.  On the background of the sharp decrease of sturgeon fish the share of their young generations all over the Caspian Sea increased from 56% to 70% and that offers the restoration of the trade reserves in 8-16 years. Biological variety and relative biomass of water bioreserves that have commercial value, prevails in the Northern Caspian. The ichtiofauna of this region is represented by 17 families, 53 kins and 63 species and subspecies. There are sturgeons (stellate sturgeon, white sturgeon, thorn, Russian sturgeon), salmos (white salmon), carps (bream, sazan, vobla), perches (pike prech) and Caspian seal found in the Caspian Sea.   
In general, the commercial biological reserves of the Caspian Sea, related to the high productivity reservoirs, are quite big. The main trade objects of the present time are the 25 species, where the sturgeons are the most valuable among them and compose 70% of world reserves as per the last data and estimations. Let us note, that the previous estimations were 80-90%. The overall reserve of valuable trade fish only in the Northern Caspian prevails 1 billion tons, and in price this is about 1 billion USD. The overall revenue of the export of black caviar in 1994 by Russia (20,8 tons), Kzakhstan (28,5 tons) and Iran (156 tons) is estimated to be close to 100 million USD. 

The modern ecological and biological look of the Caspian Sea is defined by the effect of natural and anthropogenic factors (рicture 3.2.1). From one side, the raising of the sea level is accompanied by the change of the hydrological and hydrochemical regimes and that promotes the improvement of the food base fro all the food fish. At the same time the increasing pollution of the water environment, the regulation of the river flows, irrevocable deattachment of water from the river basins can negatively effect the biocenosis. The continuing from 1978 the raising of the level (transgression) defined the relative, favorable potential of the change of the ecosystem of the Caspian Sea. However, no real growth of the commercially significant bioresources took place, and that testifies of the fact that the presence of water would not, as it used to be the previous years, be a defining factor for the biological productivity of the sea. The break of the ecological balance and common system of the use of biological resources of the sea can lead to the sharp decrease of the potential on fish productivity  and can even lead to full loss of the value of the most valuable species, especially the sturgeon. The consequences of the penetration of the Mnempiosis for the commercially significant biological resources.  
The fish production of the Caspian basin is the compound multifunctional industrial-economic complex and plays the main role in the food complex of the Russian region, having remained on of the main sources of provision of the population by the food products. The catches of Russia are the domination ones and are more than half of overall fish catch in the basin (table 3.2.2). Although the input of the basin into all Russian catches was not exceeding 3,5 % in 1995-1998, it still gives more than 70% of all sturgeon catch and more than 60% of  the catch of large fine-mesh fish in Russia. The fish production of the region arrives not only to the local market but also to the central European part of Russia, to Siberia and Ural. The catches of Russia in the Caspian Sea in 1999 are given in the table 3.2.3.

[image: image8.png]ILehORLYY ‘HHLaOY

eeeg kegowdoyn
‘duoonanixivody|

kdow winkad xRN
-Hxodnii-otorrody |

" 3qWOHOLOU 2HHINE
‘01D Hodowo §

xdon quagodg

Tpombicen
uapocTpontTenscrso

F(ana.nbl TTO HALATHIO CTOKH

Ba1 PH3HCHHE BOnOeMA

outadagnonedq .

400d£53d xH¥IMLILIOLOHQ
ra19Vodesodinod i inedxo
[IR3LIHO HOHHY YeldR

JUHVL ernediodu
BEXIRILIONONC KENIUNLORY]

(OaLKD) gnd
¥qEodL00 mimeirodu
woidouoxe ee qrodinoy |

OGLIShHHYALOD 30HRARH:
S0oHHYLd eV 0Ny

aogouf aumegodizoay

eIoged H JHHETEO)

:
5 g
8 I
m, gas
34
:
i
i it
HHHHE
HilH
L

Weadisadong ol mitsoMwoy]|




Picture 3.2.1. The influence of different factors onto the condition of biological reserves of the Caspian Sea (by V.P.Ivanov, 2000).  
Table 3.2.2. The catch of fish and non-fish objects in the Caspian region, thousands tons. 

	
	1995 
	1996 
	1997 
	1998 

	Astrakhan oblast
	116,0
	111,36
	118,99
	142,1

	Republic of Kalmikiya
	0,85
	0,81
	0,9
	0,73

	Republic of Dagestan
	19,39
	21,81
	17,05
	17,78

	Caspian region in general
	136,24
	133,98
	136,94
	160,91

	Russian Federation , total
	4236,9
	4564
	4750
	4700

	The share of the region in overall Russian catch, (%) 
	3,2%


	2,9%


	2,9%


	3,4%
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