Report on the results of the Caspian Marine Expedition


Introduction

Caspian Sea, the largest inner water body on the Earth underwent sharp changes in its ecosystem during the recent decades of the XX century. They were caused by natural (transgression of the sea level, climate softening, increase of fresh water inflow) and anthropogenic factors (pollution, unintended invasion with ctenophore Mnemiopsis leidyi, illegal fishing for sturgeons at sea). All that led to significant change in hydrological regime, state of food base, abundance and biomass of biological resources and finally in bioproductivity of the sea. 

The end of the XX century has seen the collapse of a common long-term fisheries management system in the Caspian resulting from the establishment of new independent states (Azerbaijan Republic, Republic of Kazakhstan, Russian Federation and Turkmenistan). That led to development of a large-scale poaching for sturgeons at sea exceeding significantly the volume of scientifically justified allowable catch and leading to a sharp decline of their stocks. Since the 90-s, the Caspian states have started oil and gas development and extraction that caused deterioration of environment and created a potential threat to conservation of bioresources. 

As a result of that, the problem of Caspian bioresources management acquired particular urgency and assistance in its solving became the task of the Caspian Environment Program, and notably, of its Caspian Center for Management of Bioresources (CC MB).

For over 50 years, KaspNIRH conducts regular marine expeditions in the Caspian Sea to study hydrological and hydro-chemical regime, food base, toxicological situation and to assess commercial bioresources. However, so far they did not cover the sea area adjacent to the Iranian coast. In 1995-1997, Russian and Iranian specialists conducted joint expeditions to research the hydrological and hydro-chemical regimes, food base, and to assess kilka stocks using acoustic methods. Unfortunately since then, they were not repeated. Also, in this part of the sea the work on assessment of sturgeon stocks was never conducted although fishing for sturgeons is conduced every year and constitutes now about 50% of total official catch in the basin.  

In 1999-2000, KaspNIRH had no possibility to continue marine research along the coasts of Turkmenistan and Azerbaijan in order to assess sturgeon stocks at sea. Meanwhile, CITES concerned about the state of sturgeon stocks, as a main source of caviar export, obliged the Caspian states to submit agreed catch quotas for these fishes, threatened by illegal fishing at sea. 

Considering essential environment changes at sea, serious restrictions in conducting traditional expeditionary research, a need for coordinated actions for bioresources management, the national institutions recognized the need to conduct the Caspian Marine Expedition (CME) with Tacis support. Following that, based on the ToR of CEP2/CRTC MB/004, KaspNIRH specialists (under leadership of D.N. Katunin) elaborated a program of expedition agreed with concerned Caspian states organizations. KaspNIRH provided 3 scientific vessels (“Issledovatel Kaspiya”, “Gidrokhimik” and “Meduza”) for the expedition. Tacis provided hydroacoustic equipment presented by the Government of Norway as a gift for the future Commission on conservation and utilization of bioresources of the Caspian Sea, establishment of which was proposed by the CC MB of the Caspian Environment Program. Tacis also provided financial support and obtained permissions form the states to work in their coastal parts (except for Turkmenistan that did not respond to the request). 

The aim of CME was to assess ecological state of the Caspian Sea as well as commercially important fish stocks, to elaborate recommendations for possible increase of its productivity. 

Specialists from Azerbaijan Republic, Islamic Republic of Iran, Republic of Kazakhstan and Russian Federation participated in the expedition. 

In the Northern Caspian:

· Research vessel “Meduza”: Shvedov V.V. – cruise leader, Malinovskaya L.V., Kochneva L.A., Zhukova O.P., Dulimov A.B. (Russia); Mustafin A.T. (Kazakhstan);

· Research vessel “Gidrokhimik”: Dr. Molodtsova A.I. – cruise leader, Chernyavski V.I., Chukanov V.A., Gunaev A.V., Azarenko N.V. (Russia); Kuttybaev T. (Kazakhstan).

In the Middle and Southern Caspian: 

· Research vessel “Issledovatel Kaspiya”: Kolosyuk G.G. cruise leader, Bushueva S.A., Kashin D.B., Fedorov V.N. (Russia); Valinassab T., Moghim M. (Iran); Ragimov D.V. (Azerbaijan); Kapanov (Kazakhstan); Kauri Johanesson (CC MB expert). 

Leaders in preparation of individual sections of the report:

· Katunin D.N. (hydrology);

· Polyaninova A.A. (hydrobiology and food base);

· Kushnarenko A.I. (semi-anadromous fishes);

· Vlasenko A.D. (sturgeons);

· Geraskin P.P. (physiology of sturgeons);

· Sedov S.I. (kilka, Biology);

· Bushueva S.A., Johanesson K., Valinassab T. (hydroacoustics);

· Ivanov V.P. (overall preparation of the report, conclusions).

1. Sampling and methodology

Caspian Marine Expedition was conducted in August-September 2001 on research vessels of KaspNIRH in the entire sea area except for Turkmenistan 15-mile zone (Turkmenistan did not participate in the expedition and did not grant permission to work along its coast) and Azerbaijan coast (due to numerous nets impeding trawling and acoustic work in near-shore areas). The shallow part of the Northern Caspian was researched by the “Meduza” vessel, deeper parts (>5m) – by the “Gidrokhimik” vessel; in the Middle and Southern Caspian the work was conducted by the “Issledovatel Kaspiya”.

Hydrological and hydrochemical research was conducted in the Northern Caspian on 149 standard stations, in the Middle Caspian – on 31 stations, in the Southern Caspian – on 24 stations (figure 1.1) and included sampling to determine absolute and relative content of oxygen, conductivity and salinity, hydrogen ion concentration (pH), mineral forms of biogenic matter (nitrite, nitrate, ammonia, phosphates and silicic acids), temperature of water and sea water transparency.

Hydrological and hydrochemical characteristics were determined according to generally accepted methods (Guidelines for hydrological work in oceans and seas, 1977; Guidelines for chemical analysis of the sea waters, 1993) using the following equipment: thermometer TG, bathometer BM-48, electrical salimeter TM-65m, Pals Hiton information-research system including bathysonde and operational system for data processing.

Mineral forms of biogenic matter were determined through colorimetric method on KFK-2-UHL-4.2. Absolute and relative content of oxygen was determined by the Vinkler method using tables of oxygen solubility in sea water [12]. 

Hydrobiological sampling of phyto, mesozooplankton and zoobenthos was done in the Northern Caspian on 135 stations (table 1.1; figure 1.2).

Phytoplankton sampling was done from the surface water layer using the Rutner bathometer, then set in a 40% formalin and labelled. Phytoplankton abundance and biomass was calculated per 1 m3 of water (Usachev, 1961). 

The gear for mesozooplankton was the Apstein net with entrance diameter of 25 cm, entrance area – 0.05 m2, filter cone length – 111 cm, non-filter extension – 31 cm, made of kapron No.58, mesh size of filter cone – 112 micron. Sampling of plankton was conducted from bottom up to surface. Counting of organisms was carried out in the V.G. Bogorov counting chamber (Instruction, 1977). 

Zoobenthos was sampled by the Petersen “Ocean-50” dredger with holdup area of 0.1 m2. For separation of bottom animals from soil the decantation method was used (Methodical instructions, 1983). All animals were put in a glass jar. Qualitative, quantitative and weight characteristics on every station were registered on a card and then all indices were re-calculated per 1 m2 of bottom.  

Sampling of food of sturgeons was done at sea from fishing gear in process – 9m trawl. Processing was conducted in the laboratory environment using counting-weighting method with further calculation of total and individual indices of stomach fullness with food (Methodical manual, 1974).

Totally, 135 of phyto, zooplankton, zoobenthos samples, 88 sturgeon specimen, 37 stellate sturgeon specimen and 19 beluga specimen were collected, processed and analysed. 

Mathematical processing of hydrobiological and trophological samples was done in the Data-Processing Center at KaspNIRH. Maps of spatial distribution of hydrobionts in the sea, sturgeon feeding grounds were done in the geoinformation packet Arc View.

Assessment of semi-anadromous fish stocks in the Northern Caspian was conducted using traditional biostatistic method through trawl catches. An attempt was made to use hydroacoustic equipment but due to the lack of sufficient experience, difficulties in decoding signals by species considering a wide range of fish diversity, this work was of fragmentary nature.   

Catch of semi-anadromous fishes (vobla, bream, zander, etc) was carried out by 9- and 4.5-meter trawls at depth from 2 down to 13 m on 133 stations covering area of 55 thousand km2 which constituted 60% of the entire area of the Caspian Sea
 (figure 1.2). The work with 9-meter trawl for catching fish of 2 years and older lasted 30 minutes, with 4.5-meter trawl for fingerlings – 20 minutes. Fish underwent a common ichthyological analysis (measuring, weighing, determination of age, sex, stage of maturity, and others) (Pravdin, 1966). 

Results of trawl works on assessment of abundance of summerlings, yearlings and adult fish in the Northern Caspian constituted the basis for analysis. Fish abundance (N) was estimated taking into account the natural habitat of zander  (S), average catch per one hour of trawling (n), area covered by one trawl and coefficient of trawl catchability (Mesyatsev et al, 1935; Yanovski, 1971; Kushnarenko, Sidorova, Belogolova, 1989):       
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Catch of sturgeons in the Northern Caspian was carried out by the “Meduza” and “Gidrokhimik” research vessels using trawl with exposure of 30 minutes, trawling was done 131 times. In the Middle and Southern Caspian trawling was carried out 28 times for 30 minutes each, by 24.7-meter bottom trawl by the “Issledovatel Kaspiya” (9 times at the Kazakhstan and Russian coasts, 2 – at Azerbaijan coast, 12- at Iranian coast and 5 – at Turkmenistan coast) (figure 1.3). 

Trawl survey was conducted according to traditional grid of stations and squares were numbered. The size of a square in latitude 100 (10 miles), in longitude 100 (7 miles). One nautical mile constitutes 1852 m.  

One trawl was done in every square. At present, coefficients of catchability for 9-meter trawl in the northern part of the sea are as follows: for sturgeon – 0.1; for stellate sturgeon – 0.07; for beluga – 0.04.

For 24.7-meter trawl in the middle and southern parts of the sea, coefficients of catchability constitute 0.1 for sturgeon, stellate sturgeon and beluga.  

The basic equation of quantitative assessment of fish populations is as follows:

N = Sx/Kg,

where: N – quantitative assessment of population, pieces;

S – distribution area, m2;

g – area swept by the trawl, m2;

K – coefficients of catchability of fishing gear;

x – average catch per one control trawling, pieces.

Total stock of sturgeons in the Caspian Sea is determined as a product of estimated quantity and their average weight. 

B0 = Nŵ,

where: B0 – total stock, thousand tons;

N – estimated quantity of population, pieces;

ŵ – average weight of specimen, kg.

Assessment of commercial stock. In accordance with the Fishing Regulations, in the Caspian Sea commercial stock of beluga is constituted of specimen with body size from 180 cm and more, of sturgeon and stellate sturgeon – from 86 cm and more: 

Bcs = Nп ŵ,

where: Bcs – commercial stock, thousand tons;

Nп – estimated quantity of fish with body length (180 cm (beluga) or (86 cm (sturgeon and stellate sturgeon), pieces;

ŵ – average weight of specimen, kg.

Assessment of the spawning part of the population. Estimation was dome in accordance with method on determination of quantity of fish with gonads at the III, III-IV, IV-III stages of maturity:

Bs = N1ŵ1 + N1ŵ2 + N1ŵ3,

where: Вs – spawning stock, thousand tons;

N1, N2, N3 – quantity of fish with gonads at the III, III-IV, 

V-III stages of maturity;

ŵ1, ŵ2, ŵ3, – average weight of specimen with gonads at the III, III-IV, IV-III stages maturity.

Quantity of sturgeons feeding was estimated by average fish catch, taking into account the area of concentration using coefficient of catchability of fishing gear (Legeza, 1969; Zakharov, 1975). Grid of stations is presented on the chart 1.3.  

Trawl catch of sturgeons was conducted both for assessment of their abundance using traditional method and for species identification of acoustic signals. Due to the fact that sturgeons are bottom species and not always are registered by echosounder, the acoustic assessment of their abundance is not yet sufficiently mastered, and therefore the traditional trawling method was used.  

Assessment of stocks and distribution of pelagic fishes in the Middle and Southern Caspian was done using the up-to-date hydroacoustic equipment “EK-60” of the “Simrad” company. This equipment includes the following: scientific echosounder with acoustic split-beam antenna of 38 kHz stationary fixed on board the vessel; computer with recording device for laser disks; colour printer; navigation satellite system GPS connected with computer; software for recording and collection of data coming from echosounder as well as post-processing system BI-500. Pelagic trawl with trawl sounder was used for species identification. 

Survey was conducted twenty four hours a day according to the planned route (figure 1.4).

Data collected were recorded in various types on a computer hard disk: 

1. Acoustic signals intended for visual control in graphic format (bitmap);

2. Input data coming from echosounder in binary format;

3. Every five miles the system BI-500 automatically recorded signals and positional data prepared for further processing in the laboratory environment.

The input data was copied on CD’s. A logbook was kept during the whole survey where every 30 minutes information was registered about the time, position and velocity of the vessel, values of total integral (Sa). Information on target strength was collected. Pelagic trawling was carried out 22 times to determine species and weight-size composition of fish concentrations (figure 1.4).

Input data for biomass estimation are:

Sa – values of effective backscattering, received by the system ЕК60 for every elementary part of integration (ESDU=5 miles) (m2/nm2);

С – constant of integration for species f;

А – area researched (nm2).

The area researched was subdivided into sub-areas (strata) and then calculations was made by every strata the following way:

Bi=C x <Sa> x Ai,

where  Bi – biomass of strata i (tons);

Ai – area of strata i (nm2);

<Sai> (m2/nm2) – average value of effective backscattering for strata i.

The total biomass is determined by summing:
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Constant of integration is determined according to equation:
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 – average acoustic section of backscattering of 1 kg of fish weight (m2/kg);

Wg – average fish weight of species f (g).

Average acoustic section of backscattering (() is determined as a function of target strength (TS):

( = 4 ( ( ( 10 0.1TS.

Average TS value used in calculations was received through comparison of instrumentally measured TS with species composition in control catches. Also, while determining TS, data was used that had been received during the Russian-Iranian research (Ermolchev et al, 1997). 

Thus, the average value of acoustic section was obtained:

( = 40,4(10-6 (m2).

Average fish weight used in calculations C: w = 4,86 g.

Using two parameters described above the value of C is as follows:

С=4,86 ( 10-6 /(40,4 (10-6) = 0,120 (ton/mile2).

A detailed description of the method is available in Appendix 2 – Survey procedures, data analysis methods, main results, statistical considerations
For designing maps of density distribution the packet Arc View with integral interpolation method IDW was used. 

Table 1.1

General information on the number of stations conducted

and results of scientific catches of fish

	Indices
	Northern Caspian
	Middle and Southern Caspian
	Total

	Number of stations:
	
	
	

	-- hydrology
	149
	55
	204

	-- hydrobiology and feeding of fish
	549
	–
	549

	-- assessment of semi-anadromous species (trawl)
	133
	–
	133

	-- assessment of sturgeons (trawl)
	131
	28
	159

	-- assessment of kilka and other pelagic fishes (trawl)
	
	22
	22

	Fish caught and analysed (specimen)
	
	
	

	Semi-anadromous
	22856
	–
	22856

	Sturgeons
	163
	254
	417

	Kilka and others
	–
	5615
	5615


2. The status of hydrologo-hydrochemical regime of the Caspian Sea 

in August-September 2001

2.1. Weather conditions during the expedition 

Expeditionary research in the Northern Caspian was carried out on the “Meduza” and “Gidrokhimik” vessels from August 4 to September 1, 2001, and in the Middle and Southern Caspian – on the “Issledovatel Kaspiya” vessel from August 1 to September 23, 2001 (the actual sea-work started on August 9).

August for the Northern Caspian is a rather warm period of time very similar to the summer period and so the expedition covered fully the fattening period of sturgeons and bony fishes. 

For the Middle Caspian the second half of the cruise coincided with the beginning of autumn cooling of the surface water layers. However, similar to the Northern Caspian, active wintering migrations did not yet take place. Therefore, hydrometeorological conditions allowed to assess representatively the abundance of fish fattening in summer 2001 in different parts of the sea. 

The processes of latitudinal movement of air mass mainly determine the weather in the northern part of the Caspian. In August 2001, anticyclone circulation of air mass predominated in this area. During daytime the air temperatures reached 32-360C.

Winds of the northern quarter prevailed over the Northern Caspian during the cruise, frequency of which constituted 79%. Average wind velocity according to the vessel observations was 6.4 m/c. Some days, north-eastern and north-western winds reached velocity of 15-20 m/c. 

In general, in August 2001 the anticyclone circulation of air with high temperature of air mass and mainly northerly winds prevailed over the northern part of the sea. 

Easterly winds with velocity of 2.6-4.3 m/s reaching some days to 6.4 m/s dominated over the Middle Caspian area and its eastern part in the II decade of August. Easterly winds with velocity of 2.6-4.3 m/s on some days reaching 8.6 m/s prevailed in the Southern Caspian area and its eastern part in the III decade of August. Winds from northern and western directions with velocity of 8.6 m/s dominated in the II decade of September. Winds of south-eastern and north-western directions with maximal velocity to 11.1 m/c and prevailing velocity of 4.3-6.4 m/s were observed equally on the west of the Northern Caspian in the III decade of September. 

Temperature of air reached 28-300C with prevailing level of 22-250C in the II decade of August. In August, the maximal level was 28.6-290C on the background temperature of 25-260C. In September reduction of air temperature took place declining from 21-220C down to 190C. 

2.2. Hydrologo-hydrochemical regime of the Northern Caspian

2.2.1. Temperature of water

The water temperature regime is one of the most important factors among hydrological characteristics for hydrobionts as it determines the time for plankton and benthos reproduction, cycles of fish development (pre-spawning and wintering migrations, fattening period), formation of primary productive processes, rate of organic matter decay, level of metabolism, etc. 

The Northern Caspian area is inhabited by all fish species both of the freshwater generative complex (sturgeons, vobla, bream, zander and others) and of marine complex (herring, common kilka, mullet and others), from the ice melting to late autumn. In winter most fish leave this area of the water body. During research period intensive fattening of fish took place due to the fact that the prevailing temperature of water was within 24.0 and 26.00C. 

Spatial distribution of temperature of water is shown on figures 2.2.1.1-2.2.1.2.

As it is seen on figures 2.2.1.1-2.2.1.2, the water temperature field both in surface and bottom layers was comparatively similar. Inflow of water from the Middle Caspian to the Northern Caspian was rather limited and observed only in south-eastern part of the Mangyshlak threshold (figure 2.2.1.2). Spatial dissimilarity of the temperature field was mainly determined by various periods of measuring of this parameter and its daily dynamics.  

Average value of temperature of water in the surface layer in the western part of the sea was 25.10С, in eastern 25.50С and for the entire Northern Caspian 25.30С (table 2.2.1.1).

In comparison with average multi-annual values of temperature of water (1935-1972), wamth of water mass in the Northern Caspian in August 2001 was high. Thus, for the eastern part and entire Northern Caspian the temperature of water constitutes 24.1 and 24.30С [5] respectively.  This year they exceeded the norm by 1.4 and 0.60С. In western part the temperature of water was 24.40С and corresponded to average multi-annual value.

In the bottom layer the water of temperature 24-250С prevailed. Low values (11.4-22.00С) were found in deeper zone of the western part of the Northern Caspian affected by compensation inflow of cold and salty waters from bottom layers of the Middle Caspian. Average value of temperature of water in the western part of the water body was 23.80С and in eastern part 25.50С (table 2.2.1.1).

Table 2.2.1.1

Temperature of water in the Northern Caspian in August, 0С

	Years
	West
	East
	Northern Caspian

	
	Surface
	Bottom
	Average
	Surface
	Bottom
	Average
	Surface
	Bottom
	Average

	2001
	25.1
	23.
	24.4
	25.5
	25.5
	25.5
	25.3
	24.5
	24.9

	Average 1935-1972 (Katunin, Khripunov, 1976)
	-
	-
	24.4
	-
	-
	24.1
	-
	-
	24.3

	Amplitude
	-
	-
	0.0
	-
	-
	1.4
	-
	-
	0.6


Generally in August in the northern part of the sea a large reserve of warm water mass was noted which could contribute to the high photosynthetic activity of phytoplankton and production of organic matter favouring conditions for fish fattening.

2.2.2. Salinity

Salinity is an important physical characteristic determining formation and distribution of various ecological groups of hydrobionts including fish of generative-freshwater origin to which the valuable commercial species belong. 

The Northern Caspian in its essence is an estuarial area of the Volga River where the mixing of fluvial transformed waters of the Northern and Middle Caspian takes place. 

Freshening or salination of the Northern Caspian depends on volume of the Volga inflow into the sea and extent of penetration of Middle Caspian water. As a result of interrelation of those two processes a formation of freshwater zones (0-80/00) occurs that are the feeding areas of semi-anadromous fish (vobla, bream, wild carp, zander, etc), juveniles and significant part of adult sturgeons. 

In August 2001, regime of water freshening noted in previous years remained in the Northern Caspian. Area of freshwater zones (0-80/00) covered approximately 70-75% of the Northern Caspian area. 

Influenced by increased flow of the Volga River during flood and at dominating winds of northern quarter, water of salinity over 120/00 was only in bottom layers of the south-eastern part of the Northern Caspian bordering upon the Middle Caspian. 

Spatial distribution of salinity in the surface and bottom layers is shown in figures 2.2.2.1-2.2.2.2.

In August 2001, spatial distribution of salinity was very similar to multi-annual average. Movement of fresh water in the Middle Caspian happened along the western coast of the Northern Caspian. A zone of hydro-front “river-sea” lied rather close to avant-delta of the Volga River., Freshwater inflow moved mainly to the eastern part of the Northern Caspian favouring its formation as a highly productive feeding ground. As a result of advection of salty waters of the Middle Caspian to the north-eastern direction, a convergence zone was formed on the Kululinski threshold that is known as being always highly productive. 

Maps on distribution of salty areas allowed distinguishing several mesoscaled formations, in particular, one is near the Kulaly island forming a front zone to western part of Kulalinski threshold, the other – around Uralskaya deep trench determining a gradient zone in the eastern part of the Kulalinski threshold. Anticyclones of smaller size are between the Volga-Caspian canal and the Malyi Zhemchuzhnyi Island. Mesoscale whirling formations favoured the vast entrance of fresher waters (in surface layer less than 40/00) along the Kulalinski threshold to the area very close to the Tuleni islands. 

 In the west, waters of salinity over 80/00 lied approximately below 8-10 meter depth, and in the east they covered only the central and southern parts of the Uralskaya deep trench. 

Thus, a freshened zone in August 2001 was somewhat larger that the average multi-annual value. For fish feeding, the most productive areas by salinity regime formed in a zone between the Tuleni Island, outlet of the Volga-Caspian canal and the Malyi Zhemchuzhnyi Island, as well as on the Kulalinski threshold and in the north-western parts of the Uralskaya deep trench.   
2.2.3. Transparency 

In the western part of the Northern Caspian the water is characterised by a higher transparency than in the eastern part as it is deeper and has water exchange with middle part of the sea where water is of high transparency. Thus, transparency increases in the western part of the Northern Caspian while moving from pre-estuarial area of the Volga River to the Middle Caspian.

In the eastern part the transparency of water depends greatly on wind and water mass dynamics activity, as there are lower depth and silt bottom sediments with significant contents of calcium carbonate. Here, at strong winds and bottom sediment stirring-up the transparency decreases to 0.1-0.3 m and water acquires whitish colour.

In the Northern Caspian, reverse relation is observed between wind velocity and phytoplankton biomass from one side, and degree of water transparency from the other side [5].

In general, water transparency in the Northern Caspian was a little lower than average multi-annual values and constituted 1.9 m (in the western part – 2.4 m, in the eastern part – 1.3 m) (table 2.2.3.1), which is explained by decreasing inflow of water from Middle Caspian to the northern part of the sea. 

Table 2.2.3.1

Transparency of the Northern Caspian water in August, m

	Year
	West
	East
	Northern Caspian

	2001
	2.4
	1.3
	1.9

	Average 1954-1972 (Katunin, Khripunov, 1976)
	2.9
	1.2
	2.1


Maximal transparency of water (7-7.5 m) was observed at the border with Middle Caspian, minimal (0.3-0.5 m) – in the shallow coastal areas stretching from coastal waters to estuarial area of the Volga and Ural rivers (figure 2.2.3.1).

2.2.4. Oxygen

Dissolved oxygen is an important hydrochemical index of biological productivity of the water body. Its content and saturation depend on a number of factors, and notably: intensity of photosynthesis, exchange with atmosphere and water layers, consumption at biochemical reactions, marine organisms breathing, etc. Depending on dominating processes, the pattern of oxygen distribution changes to a significant extent temporally and spatially.   

More favourable oxygen regime in the northern part of the sea is formed in the western part of the shallow zone affected by the Volga biogenic inflow, and before the mid-90s it was in the entire eastern part of the Northern Caspian. Under present conditions, hypoxia develops in summer, both traditionally in deeper zone (over 10 m) of the western part of the Northern Caspian and in local areas of the shallow zone, as well as in eastern part of the Northern Caspian - mainly in the Urlaskaya deep trench.

In August this year, the content (saturation) of oxygen in water of the Northern Caspian changed in the shallow zone from 5.31 to 7.12 ml/l (89-128%),  and in the deep zone – from 2.19 to 7.24 ml/l (33-132%) (table 2.2.4.1).

Table 2.2.4.1

Content and saturation of oxygen in the water of Northern Caspian in August

	Content, saturation
	West
	East

	
	Surface
	Bottom
	Surface
	Bottom

	
	Fluctu-

Ations
	Number of observations
	Average
	Fluctu-

ations
	Number of observations
	Average
	Fluctu-ations
	Number of observations
	Average
	Fluctu-ations
	Number of observations
	Average

	Shallow zone

	ml/l
	5.36-7.12
	42
	6.14
	5.31-6.96
	42
	6.12
	5.52-6.61
	29
	5.77
	5.34-6.49
	29
	5.71

	%
	89-128
	42
	108
	89-128
	42
	108
	97-119
	29
	103
	96-116
	29
	102

	Deeper zone

	ml/l
	5.42-7.24
	44
	5.91
	2.19-7.07
	44
	5.21
	5.41-6.02
	38
	5.72
	4.50-6.01
	38
	5.55

	%
	99-132
	44
	108
	33-129
	44
	93
	96-110
	38
	104
	81-110
	38
	101


Spatial distribution of content and saturation of water with oxygen in the surface and bottom layers is shown in figures 2.2.4.1-2.2.4.4.

Increased oxygenation of water (>110%) was noted close to the Volga-Caspian canal, to the south-east from the Novinski Island, close to sea in the Tishkovski fish-pass canal, to the north and north-east from the Chechen Island and to the east from the Malyi Zhemchuzhnyi Island (in two latter cases only in the surface layer). Low values (33-80%) developed in bottom layer in a deeper zone of the west part of the sea.

The active development of photosynthesis in the surface layer was typical practically in the entire Northern Caspian, with its maximum in a zone of convergence of fluvial and marine waters. In the estuarial area of the Ural River and partly of the Volga River, probably due to increased entrance of organic matter, the content of oxygen was lower than in a zone of convergence and its value was almost in equilibrium with atmosphere. 

Average oxygenation of water constituted 108% in the western part of shallow zone, 102% in the eastern part (average values of surface and bottom layers) which were higher than average indices of the 90-s. 

In a deeper zone in the west the average oxygenation of water was equal to 100%, in the east – 102% which were higher than the average of the 90-s. 

Areas of hypoxia (critical value of oxygenation of water lower than 80%) in bottom layer were found only in the western part of deeper zone and constituted 6.8 thousand km2 and areas of critical values of saturation lower than 60% were equal to 2.7 thousand km2 (table 2.2.4.2). Border values of oxygenation were not noted. 






Table 2.2.4.2

Areas with hypoxia in bottom layer of water in the Northern Caspian in August, thousand km2
	Years
	West
	East
	Northern Caspian

	
	Oxygenation, %

	
	<80
	<60
	<30
	<80
	<60
	<30
	<80
	<60
	<30

	2001
	6.8
	2.7
	0.0
	0.0
	0.0
	0.0
	6.8
	2.7
	0.0


In August 2001, area with oxygen deficiency at bottom constituted 6.6% of the entire area of the Northern Caspian and only 35% of the average multi-annual value of the 90-s. Hypoxia was caused by compensation inflow of bottom waters with low oxygen content from the Middle Caspian into the northern part. 

It should be noted that favourable oxygen regime in the area equal to 93% of the Northern Caspian area formed under conditions of low stratification and high hydrodynamic activity of water mass. 

As a result of wind of north quarter (recurrence constituted 79%, average velocity – 6.9 m/c) prevailing on the Mangyshlak threshold, a strong inflow of water from the eastern part of the Northern Caspian prevented water from the Middle Caspian from entering fully the northern part of the sea. 

2.2.5. Active reaction of the environment (рН)

Concentration of hydrogen ions is an index of intensity of processes of organic matter formation and destruction. 

The northern part of the sea is characterized by significant fluctuation of pH temporarily and spatially.

In August in shallow zone the level of pH changed between 8.38-9.20, in deeper parts – between 8.02-8.86. Average level of pH constituted 8.93 in the western part of shallow zone (average value of pH in surface and bottom layers), in eastern part  – 8.64, and in deeper  - 8.51 and 8.49 respectively (table 2.2.5.1).

Table 2.2.5.1

pH levels in the Northern Caspian in August

	Layer
	West
	East

	
	Fluctuations
	Number of oserva-tions
	Average
	Fluctuations
	Number of oserva-tions
	Average

	
	Shallow zone

	Surface
	8.71-9.20
	38
	8.94
	8.41-8.89
	25
	8.64

	Bottom
	8.52-9.13
	38
	8.92
	8.38-8.89
	25
	8.64

	
	Deep zone

	Surface
	8.39-8.85
	44
	8.54
	8.39-8.61
	37
	8.49

	Bottom
	8.02-8.86
	44
	8.48
	8.35-8.59
	36
	8.49


Maximal pH values (8.90-9.20) were noted in the western part of shallow zone, minimal (8.02-8.30) in bottom layer of water in deeper area bordering upon the Middle Caspian. Low pH coincided with oxygen deficiency (figures 2.5.1-2.5.2).

High pH in shallow zone affected by the Volga inflow, particularly in its western part, shows more active formation of organic matter.   

2.2.6. Biogenic matter

Conditions for mineral feeding of herbivorous organisms – autotrophs that are the primary source of organic matter at sea – is one of the powerful factors influencing productive capacity of any water body including the Northern Caspian. Compounds of nitrogen with phosphate in essence are very important as they are part of protein molecules and participate in regulation of intracellular metabolism. Silicic acid also belongs to biogenic matter needed for development of water plants mainly diatomic algae. 

Concentrations of biogenic matter in the Northern Caspian depend on river inflow enhancing their stocks at sea and their recycling in the water body. 

Estuarial seashore of the Volga River is influenced the most intensively by the Volga inflow. Therefore, the content of all biogenic matter in that zone is high. 

Thus, in August 2001, their maximal volumes were observed along the entire border of the sea with pre-estuarial area of the Volga River and in the area of western Volga stream, from the Volga-Caspian canal to the Tuleni Island. Here, the highest concentrations of phosphate were within 20-44 microgram/l, silicic acid – 1500-2052 microgram/l, nitrate – 30-63 microgram/l.

Concentrations of mineral forms of phosphate and nitrogen characterize the high degree of eutrophication of the Volga seashore water. Among mineral forms of nitrogen, the ammonium form (80-168 microns/l) dominated, which is typical for the Northern Caspian and shows the active reaction of ammonification as an index of metabolism of protein components of matter. In deeper zone of the western part of the Northern Caspian (the depth over 8-10 m) biogenic matter are consumed by phytoplankton on recycling. 

During survey the mineral phosphorus varied from 0 to 44 microns/l in a shallow zone and from 2 to 20 microns/l in deeper zone. The poorest content of mineral phosphorus was noted on the Uralskaya deep trench and in the central deeper zone (0-5.5 microns/l). In the pre-estuarial part of the Ural River the content of phosphates fluctuated from 2 to 15 microns/l.

Silicic acid concentration varied within 294-2052 microns/l. Minimal level (294 microns/l) was noted in deeper zone. 

Distribution of ammonium nitrogen in the Northern Caspian was even, and when moving far to sea its content decreased from 89 to 72 microns/l on average, which showed dying out of production processes from the Volga estuarial seashore to the open sea. 

Nitrite nitrogen is an unstable compound and intermediate link in nitrification reaction, at which oxidation of ammonia occurs to nitrite ion, and then oxidation of nitrites to nitrates. Therefore, a content of nitrite ion in water is an index of degree of destruction (and, naturally, content) of fresh organic matter.  

In August 2001, average level of nitrite ion varied from 1 to 2 microns/l (table 2.2.6.1). The highest level was noted in the Volga-Caspian canal (6-10 microns/l) and the Ural pre-estuarial area (4-7 microns/l). Significant volume of allochthonous organic matter flows in there from river and new autochtonous organic matter develops. 

Table 2.6.1

Content of biogenic matter in the Northern Caspian, microns/l

	Biogenic matter
	Shallow zone
	Deep zone

	
	West
	East
	West
	East

	Phosphates
	13
	5
	6
	3

	Silicic acid
	1524
	928
	694
	579

	Ammonia nitrogen
	89
	84
	72
	66

	Nitrite nitrogen
	2
	1
	2
	1

	Nitrate nitrogen
	14
	6
	11
	4


Concentration of nitrate nitrogen in the Northern Caspian varied from trace quantity to 63 microns/l. The poorest were the areas of the Uralskaya deep trench (0-6 microns/l), the northern part of the eastern shallow waters (0-4 microns/l), and central deeper area (0-2 microns/l).

Spatial distribution of biogenic matter in the Northern Caspian is shown in figures 2.2.6.1-2.2.6.10.

It should be mentioned that in western part of the Northern Caspian some increase in content of phosphates, ammonia nitrogen and nitrate nitrogen was noted in comparison with previous years.

Thus, the maximal concentrations of biogenic matter in the northern part of the sea are typical for the western shallow zone affected by the Volga inflow. Enrichment of that area with nitrogen and phosphorus compounds favours eutrophication process in that area of the sea. In general, it is possible to consider the regime of biogenic matter as favourable for hydrobiont habitat and as determining highly productive nature of the water body. 

2.3. Hydrologo-hydrochemical regime of the Middle and Southern Caspian

2.3.1. Temperature of water

August is a month of the highest warmth of the sea, and at the same time, the beginning of the autumn cooling of the water body [8]. According to multi-annual data presented in a monograph of the author (Katunin), spatial balancing of water temperature happens with dominating temperatures of 24-250C in the Middle Caspian, 25-260C in the Southern Caspian and maximal temperature in the most southern areas of 27-280C.  In the Middle Caspian, at upwelling developing along the eastern shelf, the conditional line of temperature abnormality is 230 isotherm, with temperature reduction in the core of abnormality down to 210C [8].  

Surface water layer in the eastern part of the Middle Caspian was noted as significantly warm. The temperature range was 19.3-28.10С. Maxima (28.10С) were noted at the border with the Northern Caspian and in the south-eastern part of Derbent depression (figure .3.1.1). In general, for coastal area, formation of relative temperature balance was typical along the eastern coast as of 23-250С declining at the shallow Kazakh bay down to 19.30С. 

For August 2001, a 240 isotherm should be considered a conditional line of temperature abnormality along the eastern part of the Middle Caspian from Peschanyi cape to Kuuli cape.  The core of temperature abnormality was close to the Kazakh bay, with minimum at the Kenderli bay (19.30C). In the southern part of the Caspian upwelling did not develop. 

Formation of thermocline at the eastern coast, where upwelling develops traditionally, went on mainly in a 10-25-meter layer. Value of vertical temperature gradient in a temperature jump layer reached 0.6840С/m at station № 4 located to the south of the Mangyshlak peninsula. Maximum development of upwelling during the survey was noted at station No.1 where temperature of water in 10-meter layer was 9.20С (figures 2.3.1.2-2.3.1.3). At that, the value of vertical temperature gradient reached 1.500С/m being the maximally high over survey in the Middle and Southern Caspian. In the open sea warming intensity in surface water was higher with prevailing temperatures within 25.4-28.10С that exceeds significantly the average multi-annual level by 1.5-3.00С. Thus, overheating of surface water noted previously in 1999-2000 remained in 2001. This phenomenon intensifies the vertical temperature gradients of water in euphotic layer and weakens vertical exchange with lower water layers. This factor favours distribution of kilka without formation of high concentrations. 

Thermocline formation at deep stations (depth over 390 m) was noted in 10-25-meter layer, with vertical temperature gradients from 0.847 to 1.040С/m. At stations № 14 (Н=140 m) and № 18 (Н=200 m) in a temperature jump layer (25-50 m) the values of vertical gradient were 0.664 and 0.5440С/m respectively. Below the thermocline, reduction of temperature of water went on gradually constituting in layers of 50-100  – 0.0120С/m, 100-200 m – 0.0140С/m, 200-300 m – 0.0040С/m, 300-400 m – 0.0020С/m (station № 13 of 479 m depth) (figures 2.3.1.4-2.3.1.b). In bottom water layer temperature varied within 8.2-15.80С at shelf stations and from 5.0 to 6.9 0С at stations located in open sea of the Middle Caspian. Average multi-annual temperature of water in August is about 4.70С [8]. In August 2001 in bottom layers of the Derbent depression the temperature of water was a little higher than 50С and varied from 5,0 to 5.30С, with its minimum on the north-eastern slope.

Thus, the high temperature background observed in recent years was noted in the majority of bottom water layers as well. 

In the western part of the Middle Caspian survey was conducted in September, so the temperature range was a bit wider. In surface layer the range was 20.5-25.00С at coast and 22.8-25.00С in the open sea. Intensification of wind activity and seasonal reduction in air temperature favoured vertical mixing and destruction of thermocline. That resulted in formation of homogeneous water column at coastal stations, with vertical gradients in column 0 m-bottom from 0.000 to 0.1000С/m. At stations where the layer with temperature jump remained, it went deeper and was mainly in a 25-50 m column. Vertical gradients of temperature of water varied within 0.432-0.6200С/m. Below 50 m a smooth reduction of water temperature went on. In a layer of 50-100 m the vertical gradient constituted 0.080-0.1800С/m, of 100-200 m – 0.008-0.0130С/m, of 200-300 m – 0.0030С/m. Water temperature range in bottom layer constituted 5.2-6.40С, with its minimum at the western slope of the Derbent depression.

In the Southern Caspian the maximal warming (28-290C) covered the water column down to 10 m. In layer of 25 m the dominating temperatures varied within 20-250С. Thermocline was located mainly at depth of 20-30 m at the coastal stations and in 25-50-meter layer in the open sea. Vertical temperature gradients reached 0,833 0С/m at the coastal station № 35 and 0.7160С/м – in the open sea (station № 28). In 50-100-meter layer the vertical gradient reached 0.1160С/m, in 100-200-meter layer – 0.0210С/m, in 200-300 m – 0.0040С/m, in 300-400 m – 0.0040С/m.

In bottom layer of the South-Caspian depression the temperature of water was about 6.50С, with its minimum on the north-western slope (5.6 0С) and maximum in the south-eastern part (6.4-6.70С).

Mesoscale dynamic formations are well shown on the map of temperature distribution in a 25-meter layer. In the Middle Caspian to the north-east of the Apsheron threshold, intensified sub-surface whirl locates with temperature of water in its core deepening similar to surface temperature (>250С). In central and south-eastern parts of the South-Caspian depression a complicated picture of water dynamics was determined (figure 2.3.1.3). Along the eastern coast, advection of water with reduced temperature of water and their entrance to the central part of the depression went on. In south-western and south-eastern parts of the Iranian coast, the thinning of the south-Caspian cyclone went on. In the south-western part, temperature of water in its core constituted about 120С, the lowest in the 25-meter layer in the Southern Caspian. 

In core of the cyclone south-eastern periphery, the temperature of water was high at about 15.50С. Development of those peripheries was observed also in lower water layers. Anticyclone formed between those whirl formations, and its development was probably limited within the 25-50-meter layer. 

Thus, in the southern part of the sea, convergence zones formed which were identified in previous works in the Iranian coastal zone. Hence, their location is relatively stationary. One convergence zone is located to the east of the Sefidrut cape, the other – to the east of the Babol River seashore. In August 2001, one more convergence zone formed on a traverse of the Tonokoban River. As convergence zones formed by heterogeneous water masses are highly productive, it could be assumed that these areas as well as the area on traverse to sea of the Gryaznyi Vulcan are of better biological characteristics. 

It should be noted as well that horizontal gradients of temperature of water in August 2001 were rather smoothed. Thus, in the open Middle and respectively Southern Caspian the water temperature range in August was rather homogeneous and close to 25.6-29.00С (southern part of the sea) and 25.4-28.10С (middle part of the sea).

In a long-term perspective, difference in water temperatures in open part of the sea between its middle and southern parts in surface water layer constitutes 2-40С. That allows assuming intensification of horizontal circulation at sea and more homogeneous distribution of hydrobionts in water layer. 

2.3.2. Salinity

Distribution of salinity in the Middle Caspian is characterized by the following peculiarities. 

In western part of the sea a field of salinity along the coast formed under influence of the Volga inflow reducing its level in that area in the entire water column. Maximal decrease of salinity is typical for sea area close to Makhachkala (figure 2.3.2.1.)  being 9.920/00 in surface layer and 9.840/00 in bottom layer. To the south along the coast a relatively homogeneous water layer formed with salinity from 11.89 to 12.380/00 in surface layer and from 12.21 to 12.390/00 – in bottom layer (figures 2.3.2.2-2.3.2.6). Due to seasonal reduction of water temperature and destruction of galocline, homogeneous water masses formed in western part of the Middle Caspian. Area close to Derbent and to the south of it was characterized by homogeneous vertical structure with rise of bottom water of salinity of 12.410/00 up to the surface layer. Vertical stratification remained at deepwater station No. 48 where maximal for the west Middle Caspian bottom layer salinity (12.600/00) was noted.

The east Middle Caspian is characterized by formation of fields of salinity of relatively high level in the entire water layer as a result of upwelling.

Formation of relatively high salinity in a coastal shelf zone and relatively low salinity in the open sea in layers of 0-10м with their further increase up to 13.000/00 at the bottom is typical for the east Middle Caspian (station  No. 13 H=479 m). In a shelf zone the following was observed: formation of two spots of high salinity – in the area close to the town of Iraliyevo – from 12.67 in surface layer to 13.010/00 in bottom layer in depth of 29 m, and close to the Kara-Bogaz-Gol bay – from 12.59 to 12.910/00, as a result of water level rise in upwelling zone from bottom deep layers to shelf zone. Area adjacent to the Mangyshlak peninsula and affected by advection of North-Caspian waters was notable for minimum salinity in the entire layer (0-50 м) of the Middle Caspian – from 11.03 to 11.690/00 at surface and from 11.11 to 12.190/00 near bottom. Stronger upwelling formed at the station No. 1 where bottom water of 12.730/00 salinity moved up to 10-meter layer, and significant vertical gradients to 0.1080/00/m  were noted in a 0-10-meter layer. Forming of hydrofront with significant horizontal gradients of salinity in 0-50-meter layer occurred on the background of north-Caspian water inflow with relatively low salinity and strong upwelling in the entire layer at station No.1.  

In Southern Caspian along eastern coast a field of significant salinity was noted in the entire layer up to the Ogurchinski Island. In the area of shelf stations near that island freshened waters (12.03-12.050/00) were noted. In open sea, salinity rate constituted 12.53-12.520/00 in 0-10-meter layer, decreasing to 12.450/00 in the 25-meter layer, to 12,140/00 in the 50-meter layer, and in the bottom layer it was 12,47 that could be explained by the Kura inflow freshening the west Southern Caspian to 12.36-12.390/00 in 0-25-meter layer. In the south of the South-Caspian depression and adjacent shelf in 25-meter depth, salinity of 12.12-12.180/00 formed surpassed by water of 12.53-12.590/00 salinity in 0-25-meter layer. Along the western part of the Iranian coast freshening affect of fluvial inflow formed relatively low salinity of 12.26-12.310/00 at surface and 12.11-12.210/00 at bottom in the entire layer down to 58 m depth. 

In general, in August 2001 significant freshening of the Middle and Southern Caspian remained in the entire water layer.  

2.3.3. Transparency

Water transparency in the Middle and Southern Caspian changes widely spatially and in time increasing from coast to open sea. 

Spatial distribution of transparency in August 2001 is shown on figure 2.3.3.1.

Minimal transparency (1-3 m) during survey was observed at seashore of the Terek, Sulak, Samur and Kura rivers as well as off Iranian rivers. Mountain rivers, particularly in flood and high water period, bring large volume of suspended matter that entering the sea significantly decrease its transparency at a distance far from the shore. 

Maximal transparency in the Middle Caspian (10-11 m) was observed at eastern shelf that is connected with developed upwelling, in the Southern Caspian – in its south-east (11 m) and central deep (7) parts.  Increased transparency in south-east of the sea was probably caused by cyclone circulation in this sea area and deep water rise.  

In general, in eastern part of the sea transparency is higher than that in western part as the eastern coast has no fluvial inflow. 

2.3.4. Oxygen

In the Middle and Southern Caspian the content of dissolved oxygen is an important oceanographic characteristic allowing considering multi-annual trend of production-decomposition processes. It is also known that with the sea level changing the content of oxygen changes as well in Caspian deep-water layers (below 400 m). At high sea level, as it was ascertained by N.M. Knipovich at the beginning of the XX century, when in bottom water layers there was no oxygen, but there was some small quantity of hydrogen sulphide. At recession of the sea level, ventilation of deep water zones increases, and oxygen content increases sharply. Thus, according to our research, in the 60-80-s of the XX century the content of oxygen in summer right in the bottom layers of the Middle and Southern Caspian constituted 46% and 29% respectively. According to data of 2000, oxygenation of bottom layers in the Derbent and South-Caspian depressions constituted about 8-10%. In that work it was also noted that oxygenation of surface sea layer was in general low (97-98% of saturation) due to its overheating. 

In August 2001, in the Middle and Southern Caspian surface water layer was charaterized by high values of absolute (ml/l) and relative (%) content of oxygen. The range of values constituted 86-116% (4.65-6.74 ml/l) (table 2.3.4.1). Actually, in the entire Middle Caspian oxygenation of over 90% prevailed, except for the area of Derbent depression northern slope and area at station No.18, where observations were conducted in the morning with the background of photosynthesis that did not reached its maximal development and values of oxygenation constituted 86% (4.65 ml/l) and 89% (4.70 ml/l) respectively. In the east Middle Caspian, maximal content of oxygen was found to the south of the Mangyshlak peninsula (station No.1) - 116% (6.34 ml/l). In its western part the highest value was noted on traverse of the Derbent town 111% (6.18 ml/l), and minimal values were never lower than 93%. 

Table 2.3.4.1

Content (ml/l) and saturation (%) of oxygen in in waters of the Middle and Southern Caspian

	Layer, m
	East Middle Caspian
	West Middle Caspian
	Middle Caspian
	Southern Caspian

	
	%
	ml/l
	%
	ml/l
	%
	ml/l
	%
	ml/l

	
	range
	average
	range
	average
	range
	average
	range
	average
	range
	average
	range
	average
	range
	average
	range
	average

	0
	86-116
	102
	4.65-6.34
	6.34
	93-111
	101
	5.28-6.18
	5.64
	86-116
	101
	4.65-6.34
	5.53
	81-108
	100
	4.14-5.69
	5.14

	10
	87-131
	100
	4.62-6.99
	5.53
	84-113
	96
	4.73-6.30
	5.39
	84-131
	98
	4.62-6.99
	5.48
	78-114
	98
	3.97-5.78
	5.02

	25
	59-97
	78
	3.73-6.88
	5.36
	51-97
	83
	3.61-5.47
	4.75
	51-97
	80
	3.61-6.88
	5.20
	35-112
	76
	1.99-5.72
	4.33

	50
	58-82
	66
	4.42-6.19
	5.00
	79-85
	82
	5.84-6.12
	5.95
	58-85
	71
	4.42-6.19
	5.32
	42-77
	68
	2.78-5.40
	4.75

	100
	55-73
	64
	4.27-5.60
	4.92
	43-84
	67
	3.36-6.40
	5.10
	43-84
	65
	3.36-6.40
	5.00
	47-71
	59
	3.60-5.42
	4.44

	200
	20-54
	38
	1.61-4.32
	3.10
	25-38
	33
	1.96-3.01
	2.61
	20-54
	38
	1.61-4.32
	3.34
	31-52
	42
	2.37-4.08
	3.25

	300
	18-34
	26
	1.44-2.75
	2.10
	-
	24
	-
	1.92
	18-34
	25
	1.44-2.75
	2.04
	20-33
	27
	1.54-2.58
	2.07

	400
	-
	18
	-
	1.43
	-
	22
	-
	1.79
	18-22
	20
	1.43-1.79
	1.61
	17-29
	23
	1.31-2.32
	1.81

	500
	-
	-
	-
	-
	-
	15
	-
	1.26
	-
	15
	-
	1.26
	-
	16
	-
	1.30

	600
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	16-29
	23
	1.25-2.33
	1.79

	700
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	15-28
	22
	1.19-2.22
	1.71


In the Southern Caspian, the high content of oxygen was typical starting from the Apsheron threshold, with maximum along the central and eastern parts of the Iranian coast (103-107% of saturation) and western part of the South-Caspian depression (102-108%). 

In the Southern Caspian the range of oxygen content in surface water layer constituted 81-108% (4.14-5.69 ml/l). Minimum was noted at south-western shelf at the background of high (over 280C) temperature of water as well as on western coast of Iran affected by the Kura and Sefidrud river inflows. 

Euphotic layer in which a photosynthesis process goes on most actively constitutes 0-25 m in the Middle and Southern Caspian. 

In August 2001, development of photosynthesis process differed from multi-annual values. In 10-meter layer a spatial distribution of the most productive photosynthesis zones was identical to surface layer, and notably: in upwelling zone, along eastern coast of the Middle Caspian, with maximal oxygenation of water masses in area of the south-eastern part of the Mangyshlak threshold, in southern periphery of anticyclone located in south-western part of the sea and in anticyclone zone in south-eastern part of the sea (figure 2.3.4.2). High content of oxygen was noted in water of the Samur River and in area to the north of Neftyanye Kamni. 

In the Middle Caspian in 10-meter depth the range of oxygen content constituted 87-131% (4.62-6.99 ml/l) at eastern coast and 84-113% (4.73-6.30 ml/l) – at western coast, minimum values were at shallow station No.11 to the north of Bektash – 88% (4.93 ml/l) and at station No.18 – 88% (figures 2.3.4.2, 2.3.4.8). At western coast the minimum of 84% (4.73 ml/l) was noted in area to the east of Makhachkala and on traverse of Divichi.

In the southern sea part the minimum oxygenation was noted at seashore of the Sefidrud River brining large volume of suspended matter including probably organic suspended matter. 

Topography of field of spatial distribution of oxygen in 25-meter layer is radically different from that in surface water layer (0-10 m).

In area of the Mangyshlak threshold under upper highly productive layer of 0-10 m water with poor oxygen content was found, which is in general very typical characteristic of this area located in a zone of stable hydrofront and large inflow of organic matter. Very low content of oxygen was noted on eastern shelf of the sea, from Bekdash to approximately Gryaznyi Volcano with its minimum to the west of the Ogurchinski Island (figures 2.3.4.3-2.3.4.6, 2.3.4.9-2.3.4.12).

In the Middle Caspian a 25-m layer of water with high content of oxygen (over 80%) formed in the open sea.

In an area near the Ogurchinski Island, thermocline was mainly in a 25-m layer and formed

low  saturation in depth of 25 m where minimal value for this layer of the Southern Caspian was noted  - 35% (1.99 ml/l). Maximal saturation was noted in open sea – 112%, in a zone of maximal thinning of south-Caspian stationary cyclone formation to surface. 

Water layer below 25 m in eastern part of the Middle Caspian was characterized by low value of relative and absolute content of oxygen (figures 2.3.4.3-2.3.4.6). Position of thermocline in this area mainly in a 10-25-meter layer restricted vertical gaseous exchange at its lower border and therefore, regardless the low temperature of water favouring high dilution of oxygen, the process of organic matter oxidation prevailed below 25-meter depth. In western part, reduction of temperature started in September increased oxygen dissolubility, and as a result of vertical mixing and destruction of thermocline a relatively high content of oxygen was noted in the entire layer. Excluded were only areas of deep stations No. 50 and 48 where vertical stratification remained.   
In an area near the Ogurchinski Island, thermocline was mainly in a 25-m layer and formed

low  saturation in depth of 25 m where minimal value for this layer of the Southern Caspian was noted  - 35% (1.99 ml/l). Maximal saturation was noted in open sea – 112%, in a zone of maximal thinning of south-Caspian stationary cyclone formation to surface. 

Water layer below 25 m in eastern part of the Middle Caspian was characterized by low value of relative and absolute content of oxygen (figures 2.3.4.3-2.3.4.6). Position of thermocline in this area mainly in a 10-25-meter layer restricted vertical gaseous exchange at its lower border and therefore, regardless the low temperature of water favouring high dilution of oxygen, the process of organic matter oxidation prevailed below 25-meter depth. In western part, reduction of temperature started in September increased oxygen dissolubility, and as a result of vertical mixing and destruction of thermocline a relatively high content of oxygen was noted in the entire layer. Excluded were only areas of deep stations No. 50 and 48 where vertical stratification remained.   

Below 50 meters the content of oxygen decreases due to increase of its consumption by decomposition processes. In August 2001 in the Middle Caspian in 50-100-meter layer the range of oxygen content constituted 43-85% (3.36-6.40 ml/l) at western coast and 55-82% (4.27-6.19 ml/l) – at eastern coast, where in this layer lower content formed due to thermocline restricting vertical mixing (figures 2.3.4.4-2.3.4.5). In western part of the sea, high content formed at the background of seasonal reduction of temperature of water and destruction of thermocline. Low saturation typical for 50-100-meter layer remained in deep stations where the minimum saturation was noted – 43% (3.36 ml/l) in area of south-western slope of the Derbent depression. 

In the Southern Caspian in 50-100-meter layer the range was smaller than in middle sea part and constituted 42-71% (2.78-5.42 ml/l).

Bottom layer of the eastern part of the Middle Caspian was characterized by low content of oxygen at deep stations No. 10, 13, 15, 18, where relative values of saturation constituted 14, 15, 13, 23% and absolute – 1.14, 1.22, 1.07 и 1.84 ml/l respectively. At shallow stations, oxygenation of bottom water was significantly higher, within 47-80% (3.10-5.96 ml/l). On the south-western slope of the Derbent depression an absolute minimum oxygenation for this period was noted – 9% (0.77 ml/l).

In the Southern Caspian in open sea a minimal content of oxygen in bottom layer constituted 18% (1.49 ml/l) at deep station No. 42 (Н=830 м) and 24% (1.87 ml/l) – on south-eastern slope of the South-Caspian depression. In comparison with previous years, the oxygen content did not change in bottom layers of the Derbent and South-Caspian depressions. 

It is possible to note a significant general impoverishment of water in the Middle and Southern Caspian developed both in upper euphotic and in lower layers of water. It should be emphasized that in the euphotic layer (10-25 m) at some stations a very low for this layer content of oxygen was noted allowing to assume the presence of a very strong factor leading to oxygen depletion in this layer. Probably this factor is of biological origin as it acts above the layer and in a pycnocline layer. This factor could be a mass development of Mnemiopsis leidyi, inhabiting mainly the upper 30-meter water layer. Probably at dying above pycnocline layer and directly in this layer, decay of Mnemiopsis leidyi and oxygen consumption occurs for oxidation of organic matter. In the Southern Caspian this process develops more intensively than in the Middle Caspian which well coincides with peculiarities of this organism in the Caspian Sea. 

Thus, formation of oxygen regime in August 2001 differed from traditional and had its peculiarities, reflecting processes occurring in the water body. 

2.3.5. Active reaction of the environment (рН)

In the Middle Caspian, рН range changed significantly. The range in surface layer was within 8.32-8.83 (table 2.3.5.1). The highest value was noted at western coast which could be explained by entrance of the Volga stream and presence of its own river inflow (Terek, Sulak, Samur and other rivers) enriched, in comparison with seawater, with biogenic matter favouring activization of productive processes, the index of which is an active reaction pH. Minimal pH level was noted to the south of the Mangyshlak peninsula in upwelling area (figure 2.3.5.1).  Values mostly exceeding multi-annual pH were noted at western coast near Makhachkala and seashore of the Samur River, as well as in area of the Derbent depression.  

Table 2.3.5.1

pН level

	Layer, m
	East of the Middle Caspian
	West of the Middle Caspian
	Middle Caspian
	Southern Caspian

	
	Range
	Average
	Range
	Average
	Range
	Average
	Range
	Average

	0
	8.37-8.79
	8.53
	8.45-8.83
	8.65
	8.37-8.83
	8.57
	8.32-8.78
	8.60

	10
	8.26-8.78
	8.49
	8.42-8.83
	8.62
	8.26-8.83
	8.54
	8.32-8.74
	8.59

	25
	7.97-8.62
	8.36
	8.24-8.82
	8.50
	7.97-8.82
	8.40
	8.24-8.66
	8.44

	50
	7.94-8.42
	8.22
	8.30-8.31
	8.31
	7.94-8.42
	8.25
	8.08-8.60
	8.34

	100
	7.88-8.40
	8.24
	8.20-8.26
	8.24
	7.88-8.40
	8.24
	8.01-8.29
	8.17

	200
	8.04-8.08
	8.06
	8.72-8.40
	8.10
	7.72-8.40
	8.08
	8.05-8.14
	8.09

	300
	-
	8.03
	7.71-8.01
	8.76
	7.71-8.03
	7.92
	7.93-8.09
	8.03

	400
	-
	8.01
	-
	7.70
	7.70-8.0
	7.86
	8.00-8.07
	8.03

	500
	-
	8.01
	-
	-
	-
	8.01
	-
	7.98

	600
	-
	-
	-
	-
	-
	-
	7.94-8.07
	8.01

	700
	-
	-
	-
	-
	-
	-
	7.95-8.06
	8.01


The active layer of water (0-25 m) was characterised by high and relatively homogeneous indices of pH (figures 2.3.5.1-2.3.5.5). Maximal differences ((0,44) between values in surface and 25-meter layers were noted at the deep station No.13 in central part of the Middle Caspian, at station No. 17 at western coast (( 0.41) and in upwelling area near the Mangyshlak peninsula (( 0.30-0.33). In the other areas similar gradients of pH were rather evened-out. Bottom water of the Middle Caspian was in a range within 7.69-8.70. Minimal level was noted at eastern slope of the Derbent depression (station No.13), maximal – on traverse of Makhachkala formed at depth of 17 m affected by the Volga inflow (figure 2.3.5.6). In comparison with multi-annual observations, low level of pH was noted in bottom layer at western coast, in area of Derbent depression, and high level – at western coast near Makhachkala. 

In the Southern Caspian an active layer of water  (0-25 m) was characterised by pH range within 8.24-8.78. In surface layer with the range from 8,32 to 8,78, a maximal pH was noted on south-eastern shelf, minimal – at the Kura seashore.

In 25-meter layer the range was within 8.24-8.66, with the maximum noted at eastern coast of Iran (station No.34). Minimal pH prevailed in an area located above eastern slope of the South-Caspian depression. In bottom layer the distribution of minimal and maximal pH was similar to that of surface layer, with minimum (7.89) in open part of the Southern Caspian and maximum (8.70) in 10-meter depth at eastern coast of Iran (station No. 32). 

Active layer of water in open part of the Southern Caspian is characterised by pH level exceeding multi-annual norm, and in depth below 25 m it did not differ from multi-annual observations. At eastern coast in 0-10-meter layer, high pH was noted and in bottom layer – lower in comparison with multi-annual pH values. 

Thus, macro-structure of spatial distribution of pH field was characterised by the following peculiarities:

· increased values along western coast of the Middle Caspian as  a result of seawater enrichment with organic matter of fluvial origin, on Iranian coast, bordering area between the Middle and Southern Caspian. Coastal water with highly productive areas – the result of antropogenic eutrophication of the water body; open part was enriched by organic matter as a result of development of quasi-stationary cyclone formations: Derbent and South-Caspian;

· decreased values – in a zone of upwelling development (eastern coast of the Middle Caspian).   
Conclusion

Expeditionary research in the Northern and Southern Caspian was conducted in August, while in the Middle Caspian the second half of cruise took place in the beginning of autumn cooling of the surface water layers. However, as in the Northern Caspian, an active wintering migration did not happen in September. Therefore, hydrometeorological conditions allowed representative assessment of abundance of fish fattening in summer 2001 in various sea parts. 

In the Northern Caspian a temperature field was relatively homogeneous as in the most areas the prevalent temperature of water was within 24.0-26.0 0С. Its spatial heterogeneity was determined by the time of measuring this parameter during the conduct of expeditionary works and its daily dynamics. In comparison with multi-annual meanings of temperature of water, the temperature of water masses in the Northern Caspian was high and close to optimum. That could help the development of high photosynthesis activity of phytoplankton and production of organic matter favourable for fish fattening. 

Temperature of water in eastern part of the Middle Caspian in its surface layer differed by high values. Its maxima (28.10С) formed at the border with the Northern Caspian and in south-eastern part of the Derbent depression. In general for coastal area, formation of relatively homogeneous temperature field of 23-250С was typical. Upwelling zone spread from the Peschanyi cape to the Kuuli cape with core of temperature abnormality thinning near the Kazakh bay, with minimum at the Kenderli bay (19,30С). In the Southern Caspian upwelling was not developed. In open sea the intensity of surface water heating was higher with prevalent temperature within 25,4-28,10С which exceeds significantly the average multi-annual norm by 1.5-30С. Thus, previously noted overheating of surface water layers in 1999-2000, remained in 2001 as well. This phenomenon intensifies vertical gradients of temperature of water in euphotic layer, and weakens vertical exchange with lower water layers. This factor favours more homogeneous distribution of kilka concentrations. The high temperature of water observed recently is noted also in bottom water layers. In the Southern Caspian a maximal heating of water reached  te,peratures of 28-290С and covered a 10-meter water column. 

In the Middle Caspian a layer of temperature jump (thermocline) was at depth of 10-25 m, in the Southern Caspian in coastal part – at depth of 20-30 m, in open sea – at depth of 25-50 m. 

Based on spatial distribution of temperature of water, macro- and mesoscale whirl formations were determined, as well as convergency zones close to Iranian coast, which were noted previously in 1994-1996. Insignificant difference in temperatures of water in open sea between middle and southern parts of the sea allows assuming intensification of horizontal circulation and more homogeneous distribution of hyrobionts in water layer. 

Spatial distribution of salinity in August 2001 in the Northern Caspian was close to average multi-annual levels; a regime of waters freshening noted previously remained in the Northern Caspian. Area of freshened water  (0-80/00) covered 70-75% of the entire Northern Caspian and was a little higher than average multi-annual readings. By the salinity regime, the most productive areas for fish fattening located in a zone between the Tuleni Island, outlet of the Volga-Caspian canal and the Malyi Zhemchuzhnyi Island as well as on the Kukakinski threshold and in north-western part of the Uralskaya deep trench. In the Middle and Southern Caspian significant freshening of water was noted in the entire water layer. Influence of the Volga inflow on formation of salinity regime in the western coast of the Middle Caspian was noted up to the town of Izberbash. The eastern part of the Middle Caspian was characterised by formation of a salinity field with relatively high values in the entire water layer as a result of upwelling. Salinity regime on the eastern shelf of the Southern Caspian developed similarly, which was noted by N.M. Knipovich, as a result of intensive evaporation caused by high temperatures of air. Along the Iranian coast freshening effect of the fluvial inflow was noted as a result of which salinity at depth of 60 m was of the order of 12.11-12.310/00.

Transparency in the Northern Caspian was somewhat lower than that of the multi-annual average, with its minimum at the seashore of the Volga and Ural rivers (0.3-0.5 м). In the Middle and Southern Caspian a minimal transparency (1-3 m) was noted as a result of large inflow of suspended matter on seashore of the Terek, Sulak, Samur, Kura rivers and Iranian rivers (Sefidrud, Tonokoban, Bobol, Tedjen, and others). Maximal transparency in the Middle Caspian (10-11 m) was observed at eastern shelf that is connected with developed upwelling, in the Southern Caspian – in its south-east (11 m) and central deep (7) parts. In general, in eastern part of the sea transparency is higher than that in western part as the eastern coast has no fluvial inflow.

The Northern Caspian was characterised by active photosynthesis development almost everywhere in surface layers of water (>110% of saturation) in a zone of river and sea waters mixing (area of the Volga-Caspian canal, to the south-east from the Novinski Island, close to sea in the Tishkovski fish-pass canal, close to the Chechen Island and the Malyi Zhemchuzhnyi Island). Areas of hypoxia (oxygenation of water lower than 80%) in the bottom layer were low and constituted 6.8 thousand km2 and area of critical values of saturation lower than 60% were equal to 2.7 thousand km2. Limit values of oxygenation were not noted. A favourable oxygen regime in the area equal to 93% of the Northern Caspian area formed under conditions of low stratification and high hydrodynamic activity of water mass. In the Middle and Southern Caspian, in August 2001, the surface layer of water was characterised by high content of oxygen (86-116% saturation). Maximal content of oxygen existed in the east Middle Caspian to the south of the Mangyshlak peninsula (116% of saturation), in the western on the traverse of the town of Derbent (111% saturation). In the Southern Caspian, the high content of oxygen was typical starting from the Apsheron threshold, with maximum along the central and eastern parts of the Iranian coast (103-107% of saturation) and western part of the South-Caspian depression (102-108%). In comparison with previous years, the oxygen content did not change in bottom layers of the Derbent and South-Caspian depressions – 0.77-1.07-1.84mg/l (9-13-23% saturation) and 1.49-1.87mg/l (18-24% saturation) respectively. In comparison with the 60-80-s, a decrease of oxygen content was noted. In August 2001, at some stations in 10-25-meter layer a sharp decrease of oxygen content was noted in the Middle and even more so in the Southern Caspian which could probably be caused by mass development and subsequent dying of Mnemiopsis leidyi inhabiting mainly in and above the pycnocline layer. Thus, formation of oxygen regime in August 2001 differed from traditional and had its peculiarities, reflecting processes occurring in the water body. 

The highest level of pH was noted in the Northern Caspian especially close to the Volga estuary (8.90-9.20) which shows a high degree of eutrophication of that water. In the Middle and Southern Caspian the high level of pH was noted along the western coast affected by the Volga inflow as well as at the Iranian coast, on the Apsheron threshold. Coastal waters with highly productive areas – a result of antropogenic eutrophication of the water body; open sea part enriched with organic matter as a result of development of quasi-stationary cyclone formations: Derbent and South-Caspian. Low pH level was noted in a zone of upwelling development. 

Concentrations of mineral forms of organic matter were determined in the Northern Caspian. In comparison with previous years, in western part of the Northern Caspian some increase of phosphates, ammonia and nitrate nitrogen was noted. 

3. Characteristics of hydrobiological conditions for growing and feeding of sturgeons in the Northern Caspian

The Caspian Sea is classified as a typically estuarial water body. Continuously living species of the Caspian flora and fauna belong to native, arctic and Mediterranean organisms. By genesis many of them adapt to dwell in brackish water of the Caspian. By now, the species composition of plankton and benthos, their ecological features are well researched. With respect to salinity, all organisms belong to the following ecological complexes: freshwater ((0.2-0.40/00), brackish or brackish-freshwater (0.5-10/00), euryhaline (0.2-130/00), brackish (1-100/00), marine (10-140/00) (Caspian Sea, 1985).

3.1. Phytoplankton

In August 2001, 201 phytoplankton species were found in the Caspian Sea, and a variety of plant cells were recorded (Appendix, table 3.1). 

By species abundance diatom algae prevailed due to their developed eurythermal and euryhaline features. Diatom phytoplankton was formed by all ecological groups (table 3.1).  Brackish-freshwater (72%) and freshwater forms of vegetable plankton were the most diverse. The share of brackish and marine species constituted 18 and 16% respectively. 

Green algae (56 species) were second by qualitative diversity, they are mainly freshwater species by origin (98%) inhabiting in freshened zone. Only the brackish-freshwater Binuclearia lauterbornii was equally and widely distributed in the entire Northern Caspian. 

Table 3.1

Quantity of phytoplankton species by sections and ecological groups 

in August 2001

	Groups of algae
	Number of species
	Ecological groups

	
	
	F
	bf
	b
	m
	o

	Blue-green
	53
	17
	19
	4
	-
	13

	Yellow-green
	1
	1
	-
	-
	-
	-

	Diatom
	72
	19
	20
	13
	12
	8

	Pyrrhophyta
	15
	-
	2
	5
	6
	2

	Euglenophyta
	4
	4
	-
	-
	-
	-

	Green
	56
	54
	2
	-
	-
	-

	Total
	201
	95
	43
	22
	18
	23


Note: f – freshwater; sf – brackish-freshwater; b– brackish-water; m – marine; o – others. In column «Others» algae species are included marked “?” ,  ubiquitous (ub). 

Blue-green algae by quantity were not a competitor to diatom and green algae and included 53 taxons. They were presented by all ecological groups except for marine. The main part consisted of brackish-freshwater (35%) and freshwater (32%) while brackish-water algae constituted only 7%. 

Phyrophyta species composition was of low diversity in comparison with groups mentioned above. They were mainly marine algae (40%), supplemented by brackish-water (33%) and brackish-freshwater (13%). Algae preferring fresh water were not noted in phyrophyta composition.

The share of euglenophyta and yellow-green algae constituted 3% of total number of species. They were represented by freshwater forms only. 

Qualitative structure of phytoplankton in western area was significantly more diverse than that of the eastern area and constituted 197 against 149 species. 

In August 2001, in the Northern Caspian phytoplankton biomass constituted 1540.1 mg/m3 at abundance of 579 million specimen/m3 including 2010 mg/m3 in the western area and 1111 mg/m3in the eastern area. Favourable conditions for algae development were in the shallow zone of the Northern Caspian. Thus, in the west, in the area to 3-meter isobath, plankton biomass exceeded algae biomass by 1.5 times in deep zone and in the east – by 2.4 times (tables 3.2, 3.3). 

Diatom phytoplankton was dominating. It constituted 41% of total algae biomass. Their development went on in the entire Northern Caspian, but the most favourable conditions were in the western area especially in its shallow part. The mass of diatoms was determined by vegetation of some algae species that have large cell size. Those were mainly Actinocyclus ehrenbergii and Rhizosolenia calcar-avis. Biomass of diatoms was supplemented by Cymatopleura solea, Cyclotella meneghiniana and species of Melosira, Fragilaria genus.

Blue-green algae were on the second place by biomass. Large concentrations were noted in shallow zone both of western and eastern area owing to development of species of genus Microcystis and Gomphosphaeria. Large masses were noted in deep zone of the Northern Caspian. Blue-green algae were represented by species of genus Merismopedia and Gloeocapsa. 
The most favorable conditions for green algae development were in shallow zone of the eastern area. Green algae biomass at all depths was represented by species of genus Dictyosphaerium and partially by Pediastrum and Spirogyra sp. Binuclearia lauterbornii, Scenedesmus quadricauda prevailed by abundance. 

Pyrrhophyta algae were noted mainly in a deep, more salty part of the sea. Pyrrhophyta mass was formed by Peridinium latum and Exuviaella marina, and  E.cordata prevailed by number of cells.

In summer, the dominant phytoplankton both by biomass and abundance was the freshwater complex, constituted basically of green and blue-green algae (figure 3.1, 3.2. Appendix, tables 3.2, 3.3). 

Species of marine complex composed mainly of diatom algae were also important. 

Spatial distribution of phytoplankton biomass in the Northern Caspian was uneven (figure 3.3). Maximal concentrations of algae were noted from the Chechen Island along the western coast, pre-estuarial area of the Volga River reaching the Ural deep trench. Some small spots with maximal concentrations were located in the pre-estuary of the Ural River, eastern shallow areas and were formed owing to development of blue-green algae. In the Kulaly island area and south-eastern part of the western area, marine algae Rhizosolenia calcar-avis was noted in large quantity. In the other sea areas phytoplankton biomass did not exceed 500 mg/m3 and in small spots in eastern area it was of 100 mg/m3.
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	Figure 3.1. Average biomass of phytoplankton by ecological groups, mg/m3
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	Figure 3.2. Average phytoplankton abundance by ecological groups, million specimen/m3


Table 3.2

Average biomass of phytoplankton by areas of the Northern Caspian

in August 2001, mg/m3
	Algae groups
	West
	East
	Total for the sea

	
	Shallow zone
	Deep zone
	Total area
	Shallow zone
	Deep zone
	Total area
	

	Bluegreen
	1138.35
	548.36
	613.92
	961.21
	366.18
	469.67
	538.51

	Diatom
	1970.87
	905.78
	1024.13
	364.31
	259.90
	278.58
	634.42

	Pyrrhophyta
	51.43
	124.25
	116.15
	20.33
	34.12
	31.74
	72.02

	Euglenophyta
	0.57
	1.51
	1.41
	1.00
	1.14
	1.12
	1.26

	Green
	183.88
	263.35
	254.52
	797.10
	231.52
	324.93
	293.88

	Total
	3345.1
	1843.25
	2010.13
	2146.95
	892.86
	1111.04
	1540.09


Table 3.3

Average abundance of phytoplankton by areas of the Northern Caspian in August 2001, million specimen/m3
	Algae groups
	West
	East
	Total for the sea

	
	Shallow zone
	Deep zone
	Total area
	Shallow zone
	Deep zone
	Total area
	

	Bluegreen
	432
	257
	277
	1261
	289
	458
	372

	Diatom
	325
	96
	121
	101
	35
	47
	83

	Pyrrhophyta
	2
	7
	6
	2
	2
	2
	4

	Euglenophyta
	0.1
	0.1
	0.1
	0.2
	0.1
	0.1
	0.1

	Green
	112
	129
	128
	166
	105
	116
	121

	Total
	871.1
	489.1
	532.1
	1530.2
	431.1
	623.1
	580.1


3.2. Zooplankton

In August 2001, zooplankton in the Northern Caspian consisted of three species belonging to the following zooplankton groups: Protozoa, Kamptozoa, Rotatoria, Cladocera, Copepoda, Foraminifera. In addition, sometimes the following plankton forms were noted: larvae Lamellibranchiata, larvae and cypris Cirripedia, larvae Rhithropanopeus, as well as representatives of Coelenterata (Medusa and Hydrozoa) and Ctenophora (Mnemiopsis sp.), and out of Malacostraca – crustaceans of the Pseudocumidae, Gammaridae and Corophiidae families (Appendix, table 3.4).

Qualitative composition of plankton consisted of 108 units (species, sub-species, taxons). In western and eastern sea areas an almost equal quantity of species was noted (table 3.4). Rotatoria (34% of total number of planktonts) and crustacean of Cladocera order (32%) were dominating by species composition. Then in descending order, there were crustacean of the Copepoda (11%) and Protozoa (9%) orders. The other zooplankton groups included from 1 to 3 species. 

Table 3.4

Number of zooplankton species

	Groups of zooplankton
	Western area
	Eastern area
	Northern Caspian

	Protozoa
	8
	8
	10

	Rotatoria
	30
	31
	37

	Cladocera
	28
	24
	35

	Copepoda
	12
	9
	12

	Cirripedia
	1
	1
	1

	Lamellibranchiata larvae
	1
	1
	1

	Mnemiopsis sp
	1
	1
	1

	Varia:Briozoa,Ostracoda, Coеlenterata and others
	6
	8
	8

	Malacostraca
	2
	3
	3

	Total species
	88
	86
	108


Note: the terminology, names of zooplankton are those given in the original version of the report (Russian) by KaspNIRH. The very limited time available for translation of the report did not allow scientific editing. 

In the western part of the sea directly affected by the Volga inflow the organisms of freshwater complex developed to a great extent. Such organisms as Brachionus calyciflorus, Filinia terminalis, Asplanchna brightwelli, Ascomorpha sp., Eurytemora affinis, Leptodora kindti and others were observed here while in eastern sea parts they did not occur. In the south of the Northern Caspian and near the Ural deep trench the number of euryhaline and marine species increased: Cirripedia, Pleopsis polyphemoides, Podonevadne trigona, Podonevadne camptonyx, Brachionus plicatilis, Acartia clausi, Synchaeta neapolitana (cecilia) and others. Abundant species of phytoplankton in the Northern Caspian are crustaceans of Cladocera order, among them Bosmina longirostris and P. Trigona were dominating. 

In the rotifer group the Brachionus genus (8 species) was present most qualitatively. The leading species was B. diversicornis.
Acartia clausi and Halicyclops sarsi were the most numerous in copepods  (Copepoda).

Vorticella sp. and Foraminifera sp.in protozoa (Protozoa) and larvae Lamellibranchiata dominated in larvae of bottom organisms. 
Almost all abundant species mentioned above, belonging to various zooplankton groups,  developed most intensively in west Northern Caspian. As an exception there were only H. sarsi and Foraminifera sp, representatives of marine plankton that developed mainly in the east.

In August 2001 in the Northern Caspian a total zooplankton biomass constituted 705.9 mg/m3 and abundance was 83.5 thousand specimen/m3 (table 3.5). The major part of zooplankton biomass was formed by three most numerous groups of animals: Cladocera, Rotatoria and Copepoda that constituted totally 96% in abundance and 98% of biomass of all organisms. 

In western area the biomass and abundance were higher than those in eastern area thanks to more intensive development of all groups of animals in that part of the sea. The basis of zooplankton was formed by Cladocera constituting 40% of abundance and 67% of biomass of all planktonts.  Among them, dominating was Bosmina longirostris, the development of which influenced the formation of quantitative indices of not only Cladocera but in general of the whole zooplankton. In addition to B. longirostris, Alona rectangula was developed well in western part, and Podonevadne trigona – in the eastern.

Rotatoria was the second organism important for formation of plankton abundance and biomass in the western part. Rotifers constituted 34% of abundance and 19% of biomass of total zooplankton. Among them, a small species B. diversicornis dominated by quantity and larger species Asplanchna priodonta prevailed by mass. In addition the following species developed in large numbers: Keratella tropica (5090 specimen/m3), Synchaeta stylata (2725 specimen/m3), Brachionus plicatilis (2590 specimen/m3) and Euchlanis dilatata (2433 specimen/m3). Out of them, K. tropica and S. stylata reached high numbers in eastern part as well, constituting 3270 specimen/m3 и 3313 specimen/m3 respectively. 

The share of copepods in total zooplankton mass in western area was smaller than that of Cladocera and Rotatoria and constituted 21% by numbers and 12% by biomass of all groups of animals. The highest quantitative indices were noted for Nauplii calanoida. Among crustaceans 2 species were dominating: A. clausi и C. Aquaedulcis; the former – by abundance and the latter – by biomass. The third species, H. sarsi, also formed a large biomass but unlike the previous species it developed more intensively in eastern part. 

The other groups of zooplankton were not significant in forming quantitative indices. 

Table 3.5

Quantitative indices of zooplankton development in the Northern Caspian

in August 2001

	Plankton composition
	Abundance, specimen/m3
	Biomass, mg/m3

	
	Western
	Eastern
	Northern Caspian
	Western
	Eastern
	Northern Caspian

	Protozoa:
	594
	468
	523
	0.094
	0.012
	0.048

	Incl. Vorticella sp.
	466
	35
	223
	0.093
	0.007
	0.045

	       Foraminifera sp.
	14
	365
	212
	-
	-
	-

	Rotatoria:
	36376
	23989
	29389
	176.014
	76.592
	119.930

	Incl. Brachionus diversicornis
	11220
	9538
	10271
	11.220
	9.538
	10.271

	      Asplanchna priodonta
	7206
	2811
	4727
	144.126
	56.227
	94.542

	Cladocera:
	43183
	27291
	34218
	618.817
	399.046
	494.845

	Incl. Bosmina longirostris
	39917
	24797
	31388
	558.836
	347.164
	439.431

	Copepoda:
	22639
	11130
	16146
	109.666
	51.185
	76.677

	Incl. Calanipeda aquaedulcis
	2282
	1206
	1675
	24.937
	8.014
	15.390

	      Halicyclops sarsi
	1844
	2404
	2160
	11.063
	14.423
	12.957

	     Acartia clausi
	3369
	1818
	2494
	18.000
	9.806
	13.378

	      Nauplii calanoida
	9323
	5194
	6994
	24.031
	13.761
	18.240

	    Cirripedia
	658
	457
	545
	1.597
	0.939
	1.226

	Lamellibranchiata larvae
	3914
	1504
	2555
	19.573
	7.522
	12.775

	Mnemiopsis ova
	4
	26
	16
	-
	-
	-

	Mnemiopsis larvae
	115
	-
	50
	-
	-
	-

	Varia*
	161
	80
	116
	0.611
	0.281
	0.425

	Total 
	107647
	64919
	83544
	926.372
	535.577
	705.926


*) Ostracoda, Coelenterata, Bryozoa, Barentsia benedeni, Decapoda larvae.
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Figure 3.4.  Zooplankton abundance in the Northern Caspian by complexes, specimen/m3
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Figure 3.5 Biomass of zooplankton in the Northern Caspian by complexes, mg/m3
In eastern area regardless of the fact that qualitative characteristics were lower that in the west, development of zooplankton was intensive. 

In the east, the basis of zooplankton consisted of the same zooplankton groups and most abundant species as in the west. Cladocera constituted 42% of abundance and 74% of biomass of all organisms, rotifera – 37% and 14%, copepoda – 17% and 10% respectively. 

Development of the most abundant species - Bosmina longirostris of Cladocera order and Asplanchna priodonta of Rotatoria order affected the total biomass and abundance, although their quantitative characteristics were significantly lower that in the west. 

Following changes in salinity, in August 2001 the dominating species were freshwater organisms - 60% in total abundance and 67% of total biomass (Appendix, table 3.5, figures 3.4, 3.5). Among organisms of brackish and marine complexes, rotifers developed greatly. The share of the euryhaline complex in species composition constituted 9% of total zooplankton biomass only, where copepoda is the main food for juveniles and adults of plankton-eating fishes. The most important as food were Calanipeda, Halicyclops and Acartia constituting totally 46% of biomass of all organisms in euryhaline complex. 

Spatial distribution of zooplankton in the Northern Caspian area in August 2001 was notable for its heterogeneity. Density of organism concentrations varied within 3 to 7459 mg/m3. Minimal concentrations were observed in deep zone of western and eastern areas, maximal – to the east of the Ukatnyi Island. 

Significant part of the sea area is inhabited by organisms, biomass of which constitutes 50-100 и 100-250 mg/m3 (figure 3.6).

At 20 stations, concentrations of zooplankton were very dense, their biomass varied from 1200 mg/m3 to maximal values. Such biomass was noted in the Volga estuary and along the Volga-Caspian canal. High biomass at those stations was formed owing to intensive development of animals of freshwater complex, mainly Bosmina longirostris, constituting at some stations from 80 to 96% of total plankton biomass

3.3. Zoobenthos

In August 2001, in the Northern Caspian 72 species of bottom animals belonging to Annelida (7 species), Mollusca (15), Arthropoda (50) (table.3.6, Appendix, table 3.6) were found. 

At the same time, a list of organisms presented in the report is not exhaustive as invertebrates of Oligochaeta, Nematodes, Turbellaria, Insecta classes were not clasified by species.

Out of total number of identified species, 92% belong to indigenous fauna of the Caspian Sea and 8% - to colonizers introduced from Mediterranean in various times and through different ways. 

Table 3.6

Number of species identified in zoobenthos of the Northern Caspian

in August 2001

	Composition
	Areas

	
	Western area
	Eastern area
	Northern Caspian

	Annelida
	
	
	

	Mollusca
	12
	8
	15

	Arthropoda
	37
	41
	50

	Total
	54
	56
	72


Importance of individual benthofauna species for total productivity of the bottom of the Northern Caspian is not uniform. Its level was determined by the most abundant species as follows: worms – Oligochaeta sp., Nereis diversicolor, mollusks – Hypanis angusticostata, Abra ovata, higher crustaceans – Stenocuma graciloides, Niphargoides macrurus, Corophium nobile and C. Curvispinum. Occurrence rate of the above species was highest and reached 100% for some of them.

In various parts of the sea the most abundant species vary.  In western area Oligochaeta sp., Pterocuma pectinata, Niphargoides macrurus, Hypanis angusticostata are well developed, in eastern - Nereis diversicolor, Stenocuma graciloides, Corophium curvispinum, C. nobile and Abra ovata.
During the period covered by the survey benthos in the western and eastern areas was composed of the same species. Diferences were observed in their relative abundance only. Thus, in western area the share of Annelida consisted of 5 species, Mollusca – 12, Arthropoda – 37, in eastern area  – 7, 8 and 41 respectively.

Total biomass of zoobenthos on the Northern Caspian in August 2001 amounted to 29.5g/m2, abundance – 14.3 thousand specimen/m2 (table 3.7). Molluscs constituted a basis of zoobenthos in both sea parts (70% of total biomass). Among them Hypanis angusticostata dominated in western part and Didacna trigonoides in eastern part. The latter occurred in 25% of bottom area and constituted 45% in total benthos biomass. 

Worms dominated by abundance (75%) in the entire sea. The share of worms in zoobenthos was 21% of total biomass. Maximal biomass and abundance of Oligichaeta sp. was noted in western area and Polychaeta (Nereis diversicolor and Manayunkia caspica) – in eastern. Abundance of M. Caspica was very high and constituted 47% of total abundance of animals in eastern area. Near the Ural River their quantity reached vast volumes - 364320 specimen/m2.

Among crustaceans, species of Amphipoda order dominated by biomass. Quantitative development if invertebrates of Gammaridae family was at the same level in both parts of the sea. Out of all hammarids two species prevailed Niphargoides similis and N. Macrurus. Occurrence was over 60%. Crustaceans of Corophiidae family dominated in Crustacea class in eastern area. Their biomass constituted 65% of total biomass of crustaceans. Corophium nobile dominated in benthos, its occurrence was very high – 76%. Thanks to significant development of Corophiidae in the east of the Northern Caspian, biomass of all crustaceans constituted 3.1 g/m2 against 1.46 g/m2 in the western area (Appendix, table 3.7). 

Table 3.7

Abundance and biomasss of zoobenthos in the Northern Caspian

in August 2001

	Composition
	Abundance, specimen/m2
	Biomass, mg/m2

	
	West
	East
	Northern Caspian
	West
	East
	Northern Caspian

	

	
	
	
	
	
	

	Vermes
	10425
	11122
	10789
	7.35
	5.16
	6.21

	Mollusca
	197
	145
	170
	26.32
	15.46
	20.65

	Crustacea
	2411
	3879
	3174
	1.46
	3.15
	2.34

	Insecta
	305
	23
	158
	0.53
	0.02
	0.26

	Total
	13338
	15169
	14291
	35.66
	23.79
	29.46


Out of total stock of bottom animals the biomass of food organisms for sturgeons was 16 g/m2 including about 20 g/m2 in the west and 12 g/m2 in the east. The following invertebrates were included in the food benthos: all animals of Crustacea class, Nereis diversicolor the only one out of Vermes and from mollusks species of Hypanis, Abra ovata, Didacna trigonoides  ranging to 15 mm in length.

The major mass of bottom animals was concentrated in deep zone of the western area (figure 3.7). The basis of zoobenthos was formed here by Mollusca, mainly marine species that are poorly utilized by benthos-eating fishes. Over a significant area of this part, benthos biomass varied from 50 to 100 g/m2. Against the general background, areas near the Malyi Zhemchuzhnyi Island and to the west of the Kulaly Island distinguished themselves by masses of Mytilaster lineatus, marine didacnae and Hypanis angusticostata. Food base for benthophags in those areas varies in a wide range – from 8 to 240 g/m2.

At western coast of the delta area benthos biomass varied from 10 to 50 g/m2. Zoobenthos here as food consisted mainly of worms, crustaceans and mollusks of Hypanis order. 

On bottom of the easten area of the Northern Caspian benthos distribution was more even. On vast areas of that part biomass constituted from 10 to 50 g/m2. High concentrations of benthos (from 50 to 120 g/m2) were noted in areas located near the Ural River. Didacna trigonoides dominated in benthos. 

Both in western and eastern areas of the Northern Caspian, bottom grounds were found where the biomass was as low as 10 g/m2 and consisted mainly of worms. 

3.4. Sturgeon feeding

Sturgeon. In August 2001, in the Northern Caspian food of sturgeon population of length from 17 to 141 cm and weight from 0.2 to 33 kg consisted of bottom invertebrate worms, crustaceans, mollusks, chironomids and fish. Sturgeons eat only one worm species– Nereis diversicolor. Sometimes Oligochaeta and Hirudinea occurred in small quantities. Crustaceans were presented by one Gammaridae species - Niphargoides abbreviatus, two Corophium species - Corophium nobile, C. Chelicorne, two Cumacea species – Pterocuma pectinata, Schyzorhynchus bilamellatus and a crab - Rhithropanopeus harrisii tridentata. In sturgeon ration there were five mollusk species: Abra ovata, Cerastoderma lamarcki, Didacna trigonoides, Hypanis vitrea, H. angusticostata. Out of fish species there were Benthophilus sp., Сlupeonella delicatula, Neogobius sp. and Atherina boyeri.

The main food for sturgeons was mollusks, which constituted 60% of stomach content.  The representative of Mediterranean fauna - Abra ovata and native fauna - Hypanis angusticostata dominated. (table 3.8). Worms were of secondary importance in sturgeon feed (Nereis diversicolor) and fish and crustaceans were insignificant. Other groups of organisms were insignificant as well. Total index of stomach fullness for population in general constituted 13,60/000 including 15.6 in western areas and 9.80/000 in eastern areas. 

Fish of various size groups varied both by qualitative and quantitative characteristic of feeding. Cumacea species and crabs dominated in food ration of young sturgeons of 40-cm length. The rate of stomach fullness was 24 0/000.  In food of sturgeons of length from 41 to 80 cm mollusks replaced partly crustaceans. The rate of stomach fullness was high - 40 0/000.  For adult fish of length from 81 to 120 cm and more the main food was mollusks, and worms and crustaceans were of secondary importance. Total indices of stomach fullness constituted 13,3 and 8,9 0/000 respectively (Appendix, table 3.8).

In the Northern Caspian most sturgeons feed at depth from 3 down to 6 m. At those isobaths, mollusks and Nereis played a leading role in sturgeon ration in the western area and mollusks, crustaceans and fish – in the eastern area.  Sturgeon stomach fullness in depth from 3 to 6 m was approximately the same both in the west and in the east. At the depth of 6.1 – 9 m and deeper the fullness rate increased mainly due to increase of mollusks (Appendix, table 3.9).

Areas where sturgeons feed intensively were both in the western and eastern parts of the sea (figure 3.8). In western area of the sea two spots were found with high fullness (560/00) located near the delta and the Malyi Zhemchuzhnyi Island. In eastern part on most of the area the fullness of sturgeons varied within 3,7-14,40/000. The most productive feeding grounds here were the Uralskaya deep trench and the shallow part adjoining the western part  (260/000).

Table 3.8

Sturgeon feeding in the Northern Caspian in August 2001

(in % by mass)

	Food content
	West
	East
	Northern Caspian

	Mollusca:
	56.3
	63.3
	57.9

	Hypanis vitrea
	2.9
	
	2.1

	H. angusticostata
	25.9
	9.0
	21.6

	Didacna trigonoides
	0.5
	<0.1
	0.4

	Cerastoderma lamarcki
	1.8
	-
	1.3

	Abra ovata
	25.2
	54.3
	32.5

	Crustacea:
	6.3
	11.5
	7.7

	Gammaridae:
	<0.1
	0.1
	0.1

	Pontogammarus abbreviatus 
	<0.1
	0.1
	0.1

	Corophiidae:
	-
	8.8
	2.2

	Corophium nobile
	-
	3.9
	0.9

	C. chelicorne
	-
	4.9
	1.3

	Pseudocumidae:
	0.1
	0.1
	0.1

	Pterocuma pectinata
	<0.1
	0.1
	0.1

	Schyzorhynchus bilamellatus
	0.1
	-
	<0.1

	Xanthidae:
	6.2
	2.5
	5.3

	Rhithropanopeus harrisii
	6.2
	2.5
	5.3

	Vermes:
	22.7
	2.1
	17.5

	Nereis diversicolor
	22.7
	2.1
	17.5

	Oligochaeta sp.
	<0.1
	-
	<0.1

	Hirudinea sp.
	<0.1
	-
	<0.1

	Insecta:
	4.8
	-
	3.6

	Chironomidae
	4.8
	-
	3.6

	Pisces:
	4.4
	17.2
	7.5

	Benthophilus sp.
	0.8
	-
	0.6

	Clupeonella delicatula
	2.3
	-
	1.7

	Gobiidae sp.
	0.7
	17.2
	4.8

	Atherina boyeri
	0.6
	-
	0.4

	Soil
	5.5
	5.9
	5.8

	Total index of stomach fullness 0/00
	15.6
	9.8
	13.6

	Average weight of fish, kg
	7.4
	8.5
	7.8


Stellate sturgeon. Food ration of stellate sturgeon included high-calorie invertebrates: crustaceans of the Gammaridae, Corophiidae, Pseudocumidae, Mysidae and Xanthidae families, worms, mollusks, chironomids and fish (table 3.9).  In stellate sturgeon food, worms were represented by polychaete Nereis diversicolor. Out of crustaceans in the food of stellate sturgeon there were Pontogammarus abbreviatus, Corophium nobile, C. chelicorne, Schizorhynckus scabriusculus, Sch. bilamellatus, Stenocuma graciloides, Paramysis baeri, P. ullskyi. Stellate sturgeon preferred Abra ovata out of mollusks and common kilka (Clupeonella delicatula)  and goby (Neogobius sp.) out of fish. The main food of stellate sturgeon was Nereis and crustaceans. Out of crustaceans stellate sturgeon eat Rhithropanopeus h. tridentata in the west and Corophiida in the east. Stellate sturgeon ate the other organisms to a lesser extent. 

Total index of stomach fullness was at the rate of 40/000, ranging from 4.30/000 in the western part to 3.60/000 in the eastern part. 

Analysis of age variability of feeding showed differences both in spectrum and intensity of feeding of stellate sturgeon of various age groups (Appendix, table 3.10).

In the Northern Caspian, stellate sturgeon juveniles of 2 years old (length of 40 cm) feed on Nereis (52%) and benthic crustaceans (48%). In western part of the sea worms prevailed in its ration (89%), in eastern part – crustaceans, mainly Corophiidae (90%). 

In general for the Northern Caspian, total indices of stomach fullness of stellate sturgeon juveniles constituted 12.00/000, ranging form  10.30/000  in the western part of the sea to 15.80/000. in the eastern. 

In the Northern Caspian the most part of food of stellate sturgeon of length 41-80 cm consisted of chironomids (67%) and high crustaceans (25%). Chironomids prevailed in food of stellate sturgeon in the west and crustaceans – in the east.  Nereis was of insignificant importance. 

Rate of fullness of stellate sturgeon of that size group constituted 18.40/000 in the Northern Caspian including 17.00/000 in the west and  – 22.00/000 in the east. 

In the Northern Caspian, spectrum of feeding of stellate sturgeon of older age groups (length of over 80 cm) was notable for high variety of food organisms. The main food species in all parts of the sea was Nereis diversicolor.

Total indices of stomach fullness of adult population of stellate sturgeon were 3.90/000 in western areas, 3.50/000 – in eastern areas, giving an average of  3.60/000 for the Northern Caspian .

The main feeding grounds of stellate sturgeon were located at depth from 3.1 down to 6.0 m (Caspian Sea, 1985), the basis of ration of fish consisted of Nereis and to a lesser extent, of crustaceans (Appendix, table 3.11). 

In the Northern Caspian at depth from 3.1 to 6.0 m, the rate of fullness of stellate sturgeon was at the level of 4 0/000  in all parts of the sea.  

Table 3.9

Stellate sturgeon feeding in the Northern Caspian in August 2001

(in % by mass)

	Food content
	West
	East
	Northern Caspian

	Mollusca:
	-
	8.3
	4.9

	Abra ovata
	-
	8.3
	4.9

	Crustacea:
	14.2
	37.1
	27.8

	Gammaridae:
	0.1
	0.1
	0.1

	Pontogammarus abbreviatus
	0.1
	0.1
	0.1

	Corophiidae:
	-
	34.0
	20.2

	Corophium nobile
	-
	27.5
	16.3

	C. chelicorne
	-
	6.5
	3.9

	Pseudocumidae:
	-
	2.9
	1.7

	Schizorhynckus scabriusculus
	-
	0.7
	0.4

	Sch. Bilamellatus
	-
	1.0
	0.6

	Stenocuma graciloides
	-
	1.2
	0.7

	Mysidae:
	3.6
	0.1
	1.5

	Paramysis baeri
	3.6
	-
	1.5

	P. ullskyi
	-
	0.1
	<0.1

	Xathidae:
	
	
	

	Rhithropanopeus harrisii trident.
	10.5
	
	4.3

	Vermes:
	63.7
	53.7
	57.7

	Nereis diversicolor
	63.7
	53.7
	57.7

	Insecta:
	
	
	

	Chironomidae
	9.9
	-
	4.0

	Pisces:
	12.2
	-
	4.9

	Clupeonella delicatula
	4.2
	-
	1.7

	Gobiidae sp.
	8.0
	-
	3.2

	Soil, shells
	-
	0.9
	0.7

	Total index of stomach fullness 0/000
	4.3
	3.6
	3.9

	Average weight of fish, kg
	4.7
	5.7
	5.3


In shallow western part (depth from 2.1 to 3.0 m) and in deep areas (depth of more than 6 m) of eastern part of the Northern Caspian the rate of fullness of stellate sturgeon constituted 13.2 and 3.5 0/000 respectively. In shallow areas stellate sturgeon feed mainly on gobies and in deep areas (more than 6 m) – on mysidas. 

Highly productive feeding grounds of stellate sturgeon are located both in western and eastern parts of the Northern Caspian, however, their area was not large (figure 3.9). In the west, spots of high feeding intensity (over 8 0/000) were noted at depths from 2.8 down to 3.0 m of area close to delta and at 6-m isobath on the Srednyaya Zhemchuzhnaya shoal. In shallow areas stellate sturgeon feed on gobies and mysidas, in deeper areas – on Nereis. 

In the east the high intensity of stellate sturgeon feeding was noted in depths 5-7 m in areas close to the Ural River and Gurievskaya deep trench where stellate sturgeon eat mostly crustaceans (Corophiidae and Cumacea) and to less extent – Nereis and Abra. 

In most areas of the Northern Caspian stellate sturgeon caught had half-empty stomachs. The fullness rate varied from 0.4 to 50/000.

Beluga. In August 2001 on the Northern Caspian grounds, beluga feed both in western and eastern parts of the sea at depths from 3.7 to 8.5 m. In trophological analysis there were fish of various size (length from 85 to 171 cm). Average weight of all fishes analyzed was 24.2 kg.

The food basis of beluga of all size groups in all parts of the sea (table 3.10) consisted of fish of the Clupeidae, Gobiidae, Cyprinidae, SyngnathidaeI families - over 90% of stomach food content. The main food species of beluga juveniles (length to 140 cm) are fish of the Gobiidae family, mainly monkey goby N. fluviatilis pallasi. The food of adult beluga (length over 140 cm) consisted of vobla Rutilus rutilus caspius (Appendix, table 3.12). Vobla was mostly eaten by beluga in the depth 3.5-6.0 m, goby – over 6.0 m (Appendix, table 3.13).  

Table 3.10

Beluga feeding in the Northern Caspian in August 2001

(in % by mass)

	Food content
	West
	East
	Northern Caspian

	Clupeonella delicatula
	1.7
	3.1
	2.4

	Neogobius sp.
	23.0
	37.0
	29.9

	Benthophilus sp.
	-
	2.3
	1.1

	Rutilus rutilus caspius
	74.7
	53.2
	64.1

	Syngnathus nigrolineatus caspius
	0.5
	-
	0.3

	Pisces
	99.9
	95.6
	97.8

	Hypanis angusticostata
	-
	0.5
	0.3

	Cerastoderma lamarcki
	-
	2.3
	1.1

	Mollusca
	-
	2.8
	1.4

	Others
	0.1
	1.6
	0.8

	Total index of stomach fullness 0/000
	8.4
	6.7
	7.5

	Average weight of fish, kg
	25.9
	23.0
	24.2


All fish caught had full stomachs. Assessment of fullness rate varies greatly but did not exceed 200/000. On average for the species it constituted 7.50/000 ranging from 8.40/000 in western parts to 6.70/000 in eastern parts. Both in the west and east the stomach fullness rate was high in juveniles feeding mainly in shallow areas of the Northern Caspian at depth to 6 m. 

Beluga feeding grounds in the entire feeding area were of low productivity: on most grounds fullness did not exceed 100/000, and only small highly productive spot was found near the Uralskaya deep trench at depth of 8.0 m where beluga feed intensively on gobies and fullness constituted 500/000, or was some 6.5 times higher than average indices (figure 3.10). 

Conclusions

In August 2001 in the Northern Caspian, phytoplankton consisted of various algae: blue-green, diatom, green, pyrrhophyta, euglenophyta, yellow-green. Species of freshwater complex were the most diverse. Total biomass of phytoplankton constituted 1.5 g/m3 at abundance of 579 million specimen/m3. In summer phytoplankton, diatom algae dominated by number of species and biomass and blue-green algae – by abundance. Maximal phytoplankton concentrations were noted at western and eastern coasts and along the Volga pre-estuarial zone. 

Development of zooplankton went on at a high rate both by species diversity and abundance. Total zooplankton biomass was 706 mg/m3. Zooplankton was formed by the following groups: Cladocera, Rotatoria, Copepoda. The most abundant were organisms of freshwater complex. Maximal zooplankton concentrations were noted along the Volga pre-estuarial zone. 

Bottom fauna was formed by invertebrates of soft (worms, crustaceans, insects) and hard (mollusks) benthos. By number of species the most abundant were higher crustaceans. The highest abundance of animals per 1 m2 was noted in worms, the highest biomass – in mollusks. Total biomass of benthic organisms in the Northern Caspian constituted 29.5 g/m2 including food part – 16 g/m2.

The western part of the Northern Caspian was richer by all biological indices (qualitative diversity of species, relative abundance and biomass of organisms) than the eastern part. The same groups of algae and animals dominated in plankton and benthos in both parts of the sea. 

In August 2001 in the Nothern Caspian, sturgeons fed on organisms typical for the species: sturgeon and stellate sturgeon – on bottom invertebrates, beluga – on fish, which indicates their high feeding activity. The main food species were for sturgeon – mollusks, for stellate sturgeon – worms and high crustaceans, for beluga – gobies and vobla. Rate of stomach fullness had the following indices: for sturgeon – about 14, stellate sturgeon – 4, beluga – 7.50/000. The western area of the Northern Caspian was the richest in food.

In August, feeding grounds highly in food for benthophage sturgeons were in small areas and very often coincided with distribution of favorite food invertebrates: for sturgeon – in deep parts of western area where food mollusks developed greatly, for stellate sturgeon – in Corrophiidae spot in eastern area. 

4. Species composition, distribution, abundance and biomass of semi-anadromous fishes in the Northern Caspian

Variations of abundance of semi-anadromous and freshwater fishes in the Northern Caspian are caused by significant ecological changes and to a major extent by the volume of water being brought by the Volga River and level of the Caspian Sea. The main abiotic factors determining productivity of the Northern Caspian are fluvial inflow, salt regime and its integral characteristic – level of the water body. 

Development of semi-anadromous and freshwater fish stocks in the Volgo-Caspian area starts in the period of their reproduction and juvenile feeding on spawning grounds in the Volga delta. Change of conditions and effectiveness of fish reproduction affects the dynamics of juvenile abundance in the delta and later the abundance of commercial stocks in the Northern Caspian. 

The Northern Caspian is a well-warmed shallow area with brackish water and rich food resources. It is a main feeding area for juveniles and growing generations of semi-anadromous fishes and marine herrings. A part of freshwater fish population migrates into the Northern Caspian in summer and autumn. They dwell mainly in brackish water areas of the sea.  This report gives a characteristic of species composition of semi-anadromous and freshwater fishes of the Northern Caspian, feeding areas, abundance of juveniles and adults of vobla, bream, zander, qualitative structure of their populations in 2001.  

The Northen Caspian is the main feeding area for semi-anadromous fish. Fish of that group migrate to river for reproduction and return (the whole population or a part of it) back to the sea for feeding. Typically abundant semi-anadromous fish species are vobla, bream, zander. The sea is the main feeding ground for those species while the river and avan-delta are of secondary importance. Freshwater species like wild carp, silver bream, zope, chekhon, asp, catfish, kutum roach and others enter the Northern Caspian as well, but for them the main feeding grounds are the avan-delta and rivers. Usually, in the Northern Caspian their abundance is not large. In August 2001, a group of semi-anadromous and freshwater fishes (adult population) consisted of 13 species belonging to 3 families. Vobla, bream, zander, zope, silver bream, asp, chekhon, wild carp, kutum roach, white-eye bream, crucian carp, vimba and catfish feed at sea (table 4.1). 

Table  4.1

Species composition of semi-anadromous and freshwater fishes

in the Northern Caspian in August 2001

	Species and sub-species
	Family
	Total number of fish caught, pieces
	Average per  1 station, hour/trawl
	%

	Vobla – Rutilus rutilus Jak.
	Cyprinidae
	17074
	125.5
	74.6

	Bream – Abramis brama orientalis B.
	Cyprinidae
	4964
	36.5
	21.7

	Zope- Abramis ballerus L.
	Cyprinidae
	326
	2.4
	1.4

	Silver bream – Blicca bjoerkna L.
	Cyprinidae
	176
	1.3
	0.8

	Asp – Aspius aspius L.
	Cyprinidae
	118
	0.9
	0.5

	Chekhon – Pelecus cultratus L.
	Cyprinidae
	94
	0.7
	0.4

	Wild carp – Cyprinus carpio L.
	Cyprinidae
	24
	0.18
	0.1

	Kutum roach – Rutilus frisii kutum
	Cyprinidae
	6
	0.04
	0.03

	White-eye – Abramis sapa P.
	Cyprinidae
	2
	0.01
	0.01

	Crucian carp – Carassius carassius L.
	Cyprinidae
	2
	0.01
	0.01

	Vimba – Vimba vimba persa P.
	Cyprinidae
	2
	0.01
	0.01

	Zander- Stizostedion lucioperca
	Percidae
	68
	0.5
	0.3

	Catfish – Silurus qlanis
	Siluridae
	18
	0.13
	0.08


As is seen from the above data the most abundant species were vobla and bream, which constituted 74.6 and 21.7% of the total catch respectively. At present, abundance of zander is not high, however, it is a valuable commercial species. Its share in the Northern Caspian in August 2001 constituted only 0.3% of total catch. Abundance of such fishes as zope, silver bream, asp, chekhon was higher than usual (0.5-1.4%). The share of other fish species like wild carp, kutum roach, white-eye, crucian carp, vimba and catfish was insignificant. Average catch of those fish per station varied within 0.01-0.18 specimen/trawl. Due to that fact the emphasis has been put on more important commercial species – vobla, bream and zander. 

Multi-annual observations of commercial fish distribution and abundance in the Northern Caspian show that a ratio of families and species of juveniles feeding in the Northern Caspian is different in different periods. In the 20-30-s, herrings prevailed constituting about 80% of catch of juveniles. Later on, abundance of carps increased and by the 80-s reached 86%. 

Ratio of semi-anadromous fish species varied as well in different years. In that group vobla ranged from 44 to 93% of catch and only in the 40-s its catches were lower than catches of bream. A sharp increase of bream abundance was noted as far back as the 30-s and reached its maximum in the 40-s, it was rather significant in the 50-s, and then the decline had started. In recent period, increase of bream juvenile abundance is observed since the mid-90s.   

Abundance of zander summerlings
 at sea varied from 3.8% (the 30-s) to 1.3% (the 40-s). In the 50-s, their catches at sea feeding grounds increased to some extent and in the 60-70-s were oscilated around the same level. During the last decade, catches of bream juveniles increased (to 19%), the share of vobla decreased a little (73%) and catches of zander remained at the level of the 80-s reaching 1.0-1.2%. 

The ratio of other semi-anadromous fish species changed as well. If in the 20-s the abundance of silver bream and Volga zander was rather high, in later periods their share in catches decreased and share of zope increased. In the 90-s, among those species white-eye (2.0%) and zope (3.7%) dominated (Belogolova, 1986, 2001). 

In August 2001, summerling species composition in catches by fingerling trawl consisted of vobla, bream, zander, zope, silver bream, asp, chekhon, white-eye, Volga zander. Vobla (72.1%) and bream (20.4%) constituted a major part in catches. The share of zander constituted 0.2%, the other species – 7.3%, among which zope and silver bream were in a rather small quantity (table 4.2).   

Table  4.2

Species composition of summerlings of semi-anadromous fishes

in the Northern Caspian in August, 2001, %

	Vobla
	Bream
	Zander
	Zope
	Silver bream
	Asp
	Chekhon
	White-eye
	Volga zander

	72.1
	20.4
	0.2
	6.5
	0.6
	0.03
	0.1
	0.05
	0.02


Vobla – Rutilus rutilus Jak.

The most part of its life-span vobla dwells at sea. It stays in the river only for a period of about two months of spawning as well as at larvae and fry stages up to 3 months of age. 

Vobla occurs everywhere in the Northern Caspian. Out of all semi-anadromous species it is mostly euryhaline and occurs both in fresh and salt water (to 13‰). Concentrations of Vobla are observed in those parts of the sea where salinity is not higher than 9‰ and their food - brackish water mollusks prevail. Vobla occurrence frequency here is usually more than 90%. Typical for vobla are significant fluctuations caused by the influence of natural factors of seasonal and inter-annual changeability. In a certain period of year vobla forms concentrations of varying density determining seasonality of distribution. The annual cycle at sea is divided into several periods characterized by a definite biological status of fish: spring migrations, downstream post-spawning migration of breeders, summer and autumn migrations. A typical summer distribution in the Northern Caspian takes place in July and remains until the beginning of autumn cooling off.  That period is characterized by maximal concentrations at sea. A great importance for distribution and migration of vobla has the qualitative and quantitative patchiness of benthos distribution determined mainly by dynamics of waters – intensity of currents, advection of conjugate waters and whirl activity. 

Analysis of background research allows todetermine the extent of those phenomena in a given year. In this analysis data used was obtained from the catches with 30-feet trawl in August 2001. That trawl used in scientific-commercial exploration is a very suitable fishing gear for vobla. It allows obtaining representative data on structure and abundance of population. 

As seen from the map showing trawl catches, vobla distribution was rather even in the entire area of survey. Dense concentrations of fish in the eastern part of the Northern Caspian were noted on slopes of depths from 5 to 7 m, and in the western part – from 4 to 5 m. On shallower and deeper grounds vobla was rather dispersed. Thus, in the eastern part of the sea a maximum catch was recorded in square No. 100, below the Borozdinnyi Island (1320 specimen/trawl). Vobla was caught at depth of 5.5m in salt water (8‰), at pH of 8.6 and water transparency of 1.5m. Almost the same catch (1232 specimen/trawl) was taken in square No. 92 located below Trekh-Bratinskaya spit. Vobla was caught at depth of 5.4 m, salinity of 2.8‰, water transparency of 1.9 m and pH of 8.5. Significant catch (900 specimen/trawl) was taken in square No. 128 at the Uralskaya deep trench at depth of 7.0 m in salt (8.4‰) and relatively transparent (1.5 m) water. The value of pH was 8.5. According to the data of the 30-s, vobla practically never occurred at the Uralskaya deep trench.  

In western part the maximum catch (2320 specimen/trawl) was recorded in square No. 324, above the Zhemchuzhnaya shoal at depth of 4.5 m, in water of salinity of 5.5‰. Water transparency at the station was 1.5 m and pH – 8.7. Significant catch was noted in the square 293 below the Setnoi temporarily flooded island slope at 4.5 m depth, 5.6 ‰ salinity, 1.6 m transparency and 8.7 pH. Probably, the maximum abundance of vobla was at feeding grounds located close to the Malaya Zhenchuzhnaya shoal (figure 4.1). In that area a rich food resource is formed under the influence of steady advection of the Volga waters flowing from the Glavnyi canal. A small catch of vobla (86 specimen/trawl) was recorded at depth of 11.5 m near the Chechen Island (square No. 466) located in a zone of Volga inflow influence. Water transparence was 1.5 m, salinity – 7.3‰, pH – 8.4, which is a little lower than at pervious stations. At high oxygenation and pH level an active formation of organic matter happens favoring development of food organisms. 

In the central part of the Northern Caspian the highest catch (258 specimen/trawl) was noted in square No. 218 (area of the Ukatnyi Island steep slope). Vobla was caught at depth of 4.8 m, in water of 7.6‰ salinity. Water transparency at the station was 0.7 m, pH – 8.6. At the remaining stations catches were lower (from 2 to 180 specimen/trawl). The central part is a zone of low productivity. The share of fluvial inflow here is significantly lower than that in the eastern and western parts of the Caspian. Zones of high productivity are located near islands, temporarily flooded islands and steep slopes. A certain correlation is noted between vobla catches and distribution of Volga streams. In 2001, in the second quarter of the year, the Volga inflow was 133.7 km2 that is within the range of average multi-annual level of 1930-1955 – 135.4 km3 and higher than in 2000 – 108.6 km3. Probably, the high water volume of the Volga River this year provided the right conditions for wide distribution of vobla in the Northern Caspian, and created favorable conditions for juvenile survival. 

Estimations showed that area of vobla distribution at sea constituted 53.5 thousand km2, including 29.3 thousand km2 in the eastern part and 24.2 thousand km2 in the western and central parts. In 2000, the area was smaller: - 43,6, 26,8 and 16,8 thousand km2 respectively. In comparison with 2000, this year the abundance and biomass of adult vobla increased – from 827.3 million specimen and 80.2 thousand tons up to 904.1 million specimen and 88.0 thousand tons (table 4.3). In 2001, in the eastern part those indices constituted 636.0 million specimen and 66.1 thousand tons and in 2000 – 509.4 million specimen and 55.8 thousand tons. In western part the correlation of those indices was different: in 2001 – 268.1 million specimen and 21.9 thousand tons, and in 2000 – 317.9 million specimen and 24.3 thousand tons. Therefore, increase in abundance and biomass of population in 2001 was provided owing to the eastern part of the Northern Caspian. In the 90-s, due to a number of years of full water and rise of the sea level, about 70% of population dwelled in the eastern part as well. 

Table 4.3

Abundance (N) and biomass (B) of adult vobla in 2001

(data from 30-feet trawl)

	Indices
	Age, years
	Total

	
	1+
	2+
	3+
	4+
	5+
	6+
	7+
	8+
	

	West
	N relative, million specimen
	0.2
	48.5
	35.4
	6.1
	0.6
	0.3
	-
	-
	91.1

	
	N absolute, million specimen
	-
	194.0
	58.0
	12.2
	2.3
	1.6
	-
	-
	268.1

	
	B, thousand tons
	-
	11.8
	7.0
	2.0
	0.6
	0.5
	-
	-
	21.9

	East
	N relative, million specimen
	0.2
	87.3
	105.3
	27.0
	8.6
	2.8
	1.4
	0.3
	212.9

	
	N absolute, million specimen
	-
	349.2
	172.6
	54.0
	31.8
	14.7
	10.7
	3.0
	636.0

	
	B, thousand tons
	-
	19.4
	19.7
	9.5
	7.1
	4.8
	4.3
	1.6
	66.1

	Northern Caspian
	N relative, million specimen
	0.4
	135.8
	140.7
	33.1
	9.2
	3.1
	1.4
	0.3
	324.0

	
	N absolute, million specimen
	-
	543.2
	230.6
	66.2
	34.1
	16.1
	10.7
	3.0
	904.1

	
	B, thousand tons
	-
	31.2
	26.7
	11.5
	7.7
	5.0
	4.3
	1.6
	88.0


This year in trawl catches specimens of 15-19 cm length dominated. At that, the size in the west was shorter than that in the east, and average length in the east was 17.0 cm and in the west – 16.4 (table 4.4). In 2000, the vobla caught was smaller. Average length was 15.3 cm in the west and 16.6 cm in the east. 

Table 4.4

Vobla size composition of in the Northern Caspian in August 2001

	Northern Caspian
	Legnth, cm
	L, cm
	M, g

	
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	
	

	West
	28
	87
	190
	171
	120
	67
	88
	36
	10
	1
	2
	1
	1
	-
	-
	16.4
	91.8

	East
	55
	193
	472
	553
	454
	345
	250
	130
	89
	44
	28
	20
	12
	14
	7
	17.0
	106.7

	Total
	83
	280
	662
	724
	574
	412
	338
	166
	99
	45
	30
	21
	13
	14
	7
	16.9
	103.2


Analysis of age samples showed that specimen of 3-4 yeas old of fertile generations of 1999-1998 prevailed in catches. Number of specimen of older age in catches was insignificant. The share of 5-year fish constituted 10.2% that is almost 4 times lower than the share of 3-year fish, and share of 7-9-year fish was about 1.5%. Average age in the Northern Caspian constitutes 2.8+ years, in eastern part it was 2.9+ and in western – 2.5+ years. In 2000, those indices were lower and that indicates a trend of accumulation of adult fish in population and hence the increase of commercial vobla stocks (table 4.5). In future, at favorable water conditions the increase of vobla catches is probable in the Voga delta. 

Table 4.5

Vobla age composition in the Northern Caspian in August 2001

(based on the 30-foot trawl)

	Age, years
	Age, years
	Tav.

	
	1+
	2+
	3+
	4+
	5+
	6+
	7+
	8+
	

	2000
	West
	3.4
	59.8
	31.3
	4.7
	0.8
	0.03
	-
	-
	2.4+

	
	East
	3.1
	40.3
	35.4
	11.9
	6.8
	1.6
	0.7
	0.2
	2.8+

	
	Northern Caspian
	3.2
	47.5
	33.9
	9.2
	4.6
	1.0
	0.4
	0.2
	2.7+

	2001
	West
	0.4
	53.2
	38.8
	6.7
	0.6
	1.3
	-
	-
	2.5+

	
	East
	0.1
	37.5
	45.2
	11.6
	3.7
	1.2
	0.6
	0.1
	2.9+

	
	Northern Caspian
	0.3
	41.9
	43.4
	10.2
	2.8
	0.9
	0.4
	0.1
	2.8+


A number of researchers determined that larvae of vobla and bream appear at sea in May and of zander – a little later, during mass downstream migration of carp juveniles.  Their distribution corresponds to directions of the Volga main streams (Chugunov, 1928; Rass, 1938; Kazanova, 1940; Tanasiychuk, 1958).

Peculiarities of further distribution of summerlings (vobla, bream and zander) on the marine feeding grounds depend on abundance of juvenile stock, inflow from the Volga and Ural, sea level and crustacean biomass – the main food of juveniles at sea. Correlation coefficient between the area of feeding ground of semi-anadromous fish summerlings and those factors reaches 0.9. Area of feeding of vobla, bream and zander juveniles in years of low water (volume of the Volga flow less than 120 km3) is 2-3 time less in comparison with years of full water. Their small generations inhabit area twice smaller than numerous generations (Belogolova, 1991, 2001). 

In years of low abundance, vobla juveniles feed in pre-estuarial areas of the Volga and Ural rivers. In years of full water their area increases covering a significant part of the Northern Caspian. Thus, in August of water-abundant year 2001, vobla summerlings fed in an area of 50 000 km2. They spread in the sea to the isobath of 12 m and isohaline of 10‰. The major part of summerlings stayed in waters of 4-8‰ at depth to 5 m. Temperature range for vobla summerling feeding ranges from 21.10С to 270С. More than 80% of vobla summerlings stayed in water of transparency to 1.5 m (tables 4.6-4.9). 

Table 4.6

Distribution of semi-anadromous fish summerlings in the Northern Caspian 

by depth, in August 2001, %

	Species
	Depth, m

	
	to 3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Vobla
	20.3
	11.2
	45.4
	4.7
	3.8
	4.6
	2.3
	0.1
	-
	7.6

	Bream
	16.3
	31.8
	38.8
	7.1
	4.9
	0.1
	-
	-
	-
	1.0

	Zander
	9.1
	26.1
	55.6
	5.7
	3.4
	0.1
	-
	-
	-
	-


Table 4.7

Distribution of semi-anadromous fish summerlings in the Northern Caspian 

by salinity, in August 2001, %

	Species
	Salinity, о/оо

	
	to 1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Vobla
	9.1
	5.8
	9.6
	7.5
	19.7
	10.2
	15.1
	13.6
	7.0
	2.4

	Bream
	34.5
	12.0
	18.0
	7.2
	12.9
	3.4
	10.5
	1.4
	0.1
	-

	Zander
	18.8
	11.8
	28.2
	21.1
	5.9
	2.4
	9.4
	-
	2.4
	-


Table 4.8

Distribution of semi-anadromous fish summerlings in the Northern Caspian 

by temperature of water, in August 2001, %

	Species
	Temperature, 0С

	
	To 22.0
	23.0
	24.0
	25.0
	26.0
	27.0

	Vobla
	2.0
	1.1
	16.4
	34.0
	23.
	23.5

	Bream
	-
	1.9
	1.9
	19.5
	43.7
	33.0

	Zander
	-
	-
	1.2
	8.0
	59.8
	31.0


Table 4.9

Distribution of semi-anadromous fish summerlings in the Northern Caspian 

by transparency of water, in August 2001, %

	Species
	Transparency, %

	
	to 0.5
	1.0
	1.5
	2.0
	2.5

	Vobla
	27,4
	25,7
	31,1
	13,0
	2,9

	Bream
	42,9
	45,9
	8,7
	2,5
	-

	Zander
	24,7
	69,7
	4,5
	1,1
	-


Their maximal concentrations (over 1000 specimen/hour) were noted in western coastal waters as well as in central and eastern parts of the sea. In waters close to the Ural delta, in north-eastern and south-western shallow waters the most dense concentrations reached 200 specimen/trawl. High concentrations of vobla summerlings were noted on the border with the Middle Caspian, near the Chechen Island, where their catch constituted over 8 000 specimen/trawl (figure 4.2). 

Abundance of summerlings migrating downstream into the Northern Caspian is influenced by a number of abiotic and biotic factors, among which the determinant is a regime of the Volga flood (Chugunov, 1928; V. Tanasiychuk, 1958; Koblitskaya, 1984; Yanovski, 1972; Yanovskaya, 1979; Sidorova, 1981; Belogolova, 1991). In April-June, with the Volga flow increasing, the abundance of all semi-anadromous fish species grows as well. At flow volume of more than 120 km3, the yield of vobla and bream increases 5-fold and of zander – 4-fold (Belogolova, 2001).

Abundance of those fish species is influenced to some extent by the Ural inflow as well. For vobla and bream summerlings the reality of links between the yield and the Ural River inflow in April-June ranges from 40% (vobla) to 50% (bream). For zander summerlings that link is more evident and reaches 98%. 

Abundance of food resources on feeding grounds is very important for formation of semi-anadromous fish generations. Reality of links between yield of vobla summerlings at sea and biomass of crustaceans and worms reaches 90%. For bream summerlings such a link is not so evident and does not exceed 50% (Belogolova, 1991). 

The recent decade is characterized by a cycle of full-water and medium-water years (except for 1996), increase of the Northern Caspian area, freshening of its waters especially in its eastern part, and growth of food base. In the researched year, the volume of spring flood on the Volga constituted 134 km3 and duration (84 days) was close to the period of natural flow. In such years, conditions for fish feeding on marine grounds improve – fresh water area increases, flow of organic matter increases and biomass of low-salt and brackish-water fauna grows, concentrations of toxicants decline. Therefore, in August 2001, average catch of vobla summerlings in the Northern Caspian constituted 988.5 specimen/trawl, and absolute quantity (85 billion specimen) appeared to be the highest over the entire period of regulated Volga flow, exceeding to some extent the numerous generation of 1981. Those indices characterize the vobla generation of 2001 as highly productive (table 4.10). 

Table 4.10

Abundance of semi-anadromous fish summerlings

in the Northern Caspian in August 2001

	Indices
	Species

	
	Vobla
	Bream
	Zander

	Average catch, specimen/trawl
	988.5
	279.9
	2.4

	Absolute quantity, billion specimen
	85
	34
	0,4


Multi-annual research shows that growth of semi-anadromous fish summerlings that swam down to sea is determined by peculiarities of hydrological regime on spawning grounds and feeding conditions on feeding grounds. The earlier strong juveniles reach the sea (i.e. duration of marine feeding prolongs) the better their growth. In addition, the growth of juveniles depends on water temperature in the feeding area, its size, and warmth resources over the vegetation period (in years of warm autumn the time of summerlings feeding at sea prolongs), total biomass of benthos and development of mollusks of brackish and brackish water complexes. Reality of links reaches more than 80% (Belogolova, 1991). 

The number of feed consumers influences greatly the growth of fish. Thus, in full-water years, vobla summerlings highly abundant in the Northern Caspian showed low indices of length and weight (Belogolova, 1987). Consumption of food resources of bream juveniles is affected by semi-anadromous fish juveniles and adults, sturgeons and gobies, which feed mainly on higher crustaceans - Gammaridae, Corophiidae, Cumacea. Competition rate between juveniles of vobla and bream for eating Ampharitidae, Cumacea and Сhironomidae reaches 45% (Belova, Polyaninova, et al, 1985). Therefore, in full-water years, significant increase of fish abundance on marine feeding grounds can adversely affect the growth of bream summerlings.  

As the results of trawl survey in August 2001 show, vobla summerlings in catches with small mesh-size trawl were of 25-85 mm length. Juveniles of modal groups from 35 to 65 mm dominated. Average body length was 55.0 mm, weight – 2.8 g, nutritional state – 1.7 (table 4.11).

Table 4.11

Growth indicators of semi-anadromous summerlings in the Northern Caspian in August 2001

	Species
	Area
	Length, mm, %
	Average
	Nutritional state

	
	
	25-45
	45-65
	65-90
	Length, mm
	weight, g
	

	Vobla
	West
	34.6
	57.0
	8.4
	55.0
	2.7
	1.6

	
	East
	28.3
	57.2
	14.5
	55.5
	2.9
	1.7

	
	Northern Caspian
	33.9
	57.0
	9.1
	55.0
	2.8
	1.7

	Bream
	West
	26.3
	54.2
	19.5
	58.5
	3.6
	1.8

	
	East
	42.7
	33.7
	23.6
	53.5
	3.7
	2.4

	
	Northern Caspian
	27.1
	53.2
	19.7
	58.5
	3.6
	1.8

	Zander
	West
	100-130
	130-160
	160-190
	157.0
	64.4
	1.7

	
	
	22.6
	32.1
	45.3
	
	
	

	
	East
	-
	-
	100.0
	170.0
	73.0
	1.5

	
	Northern Caspian
	22.2
	31.5
	46.3
	157.0
	64.5
	1.7


Based on CME data and other work of the institute, commercial stock of vobla was determined as 29.5 thousand tons, total allowable catch for 2002 – 7.78, rate of commercial harvesting – 26.3%. 

Bream – Abramis brama orientalis B.

The area of Volga semi-anadromous bream covers freshened parts of the Northern Caspian, avan-delta and delta of the Volga River. Bream dwells most part of its life at sea and in avan-delta and adult bream feed there after spawning and juveniles stay until maturation. 

Bream spawns in May in the delta and in June they migrate downstream to sea. Bream migrate in all delta canals. A part of bream population migrates to the southeast and reaches the Chechen Island, the other part migrates to feeding grounds near the Kulaly Island and to steep slopes. Part of the population migrates to the eastern shallow areas as well as to the Uralskaya deep trench. In the Northern Caspian small concentrations of bream form in summer when they feed intensively. 

Distribution of bream depends on food organisms constituting their basic and favorite food that includes crustaceans mainly Cumacea, Corophiidae, Gammaridae. Worms are also important for bream feeding, mollusks are of secondary significance. Bream consume Hypanis vitrea and H. angusticostata.  

An important factor influencing bream distribution is salinity of water. In summer during feeding and the most widespread distribution the major part of bream population stays within isohaline of 80/00 in the entire sea area. Particularly large concentrations of bream in all sea parts are noted in a zone of low salinity (2-40/00) at depth to 4 m. 

From the multi-annual perspective, bream distribution was affected by sharp changes in annual fluctuations of fluvial inflow resulting in turn in the freshening of seawater. Especially significant changes in distribution and shifting borders of bream distribution are observed in the eastern part of the Northern Caspian.

In years of increased salinity of the eastern part of the sea, concentrations of bream were very low. During the fall of the sea level and low abundance of bream, the fish usually inhabited the western part of the Northern Caspian and close to the eastern shoals of the delta. Bream, was not very abundant in the Eastern part of the Northern Caspian. In the 90-s, bream abundance increased significantly and at present it is rather high. 

In August 2001, bream appeared widely in the Northern Caspian area. They were distributed over an area of 39 000 km2. Along with western part of the sea, bream actively developed in the eastern part of the Northern Caspian and its deeper areas. The highest bream concentrations formed near the Khorinskiye small temporarily flooded islands. On the steep slopes of the Srednyaya Zhemchuzhnaya and Chistaya shoals the highest catches were 26-124 specimen/trawl. High concentrations were also noted in central pre-estuarial parts – near the Kamenskaya deep trench at steep slope of the Belinskiy shoal (126-346 specimen/trawl). In eastern part of the sea to the south of the Ukatnyi Island the catch was 1046 specimen/trawl (figure 4.3).

The highest concentrations– to 3‰ of bream – formed in brackish waters not deeper than 6 m. However, in general the bream habitat was limited by 12- meter isobath where they occur in waters of salinity 90/00  (tables 4.12-4.13). 

Table 4.12

Distribution of adult bream by salinity in August 2001, %

	Salinity, 0/00

	To 1
	2
	3
	4
	5
	6
	7
	8
	9

	13.4
	6.2
	45.2
	8.8
	6.8
	0.6
	15.0
	2.8
	1.2


Table 4.13

Distribution of adult bream by depth in August 2001, %

	Depth, m

	To 3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	8.8
	17.0
	30.0
	27.2
	3.4
	11.9
	1.3
	0.2
	-
	0.04


Using 9-meter trawl it is possible to assess mainly bream of junior ages – 2-3 years old. Specimen of older age groups at sea are under-estimated. That is caused by the fact that older age groups stay in the shallowest parts of the sea and in avan-delta, i.e. in areas where trawl survey is not conducted. In addition, bream of older age groups escape trawls very actively. 

In August 2001, absolute quantity of bream in the Volga-Caspian area was 147.66 thousand tons (table 4.14). The majority was 3-year old fish – 54.5 thousand tons. However, in contrast to multi-annual data for the Northern Caspian, catches of 4-5- year old fish were rather high. That data shows the relatively high abundance of generations of 1997-1998. Those generations will determine commercial stocks and catches of bream in 2002 in the Volga delta. 

Table 4.14

Abundance and biomass of bream in the Volga-Caspian region

	Indices
	Age
	

	
	1+
	2+
	3+
	4+
	5+
	6+
	7+
	8+
	

	Species composition
	14.7
	37.3
	29.4
	15.6
	1.1
	1.2
	0.6
	0.1
	100%

	Relative abundance, million specimen
	9.0
	22.7
	17.9
	9.5
	0.7
	0.7
	0.4
	0.1
	61.0

	Absolute abundance, million specimen.
	180
	284
	89
	56
	8
	12
	7
	2
	638.0

	Trawl catchability
	0.05
	0.08
	0.20
	0.17
	0.09
	0.06
	0.06
	0.06
	

	Weight, g
	86
	192
	303
	472
	632
	826
	970
	1250
	

	Total mass, t
	15480
	54528
	26967
	26432
	5056
	9912
	6790
	2500
	147665

	Average length, cm
	16.5
	20.5
	23.5
	27.1
	30.6
	33.3
	35.3
	40.0
	


In trawl catches bream body length varies from 12 to 38 cm, abundant size groups – 21-23 cm. Average length was 22.3 cm, weight – 281 g, age – 2.6+. 

In August 2001, bream summerlings inhabited the area equal to 28 000 km2. Their distribution towards the open sea was limited by the 12 m isobath and isohaline of 9‰. Large concentrations of bream summerlings were noted in shallow (to 5 m) and freshwater (to 5‰) parts of the sea. Temperature range in their feeding grounds was within the 270 C isotherm. . Their aggregations were in water of temperature from 24.10 to 270С and transparency – to 1.0 m (tables 4.6-4.9). 

Maximal concentrations (over 1000 specimen/hour) were noted along the western coast to the Tuleni (Seal) shoal at depth from 3.2 to 6.7 m, where salinity varies from 0.3 to 4.40/00. In central part of the sea such concentrations were observed in shallow freshened areas in pre-estuarial zone of the Volga, near the Setnoi temporarily flooded island and the Ukatnyi Island. In eastern part the densest aggregations (over 1000 specimen/trawl) of bream summerlings formed near the Novinski Island. Near the Ural River their concentrations did not exceed 120 specimen/trawl (figure 4.4). 

Absolute quantity of bream summerlings at sea equal to 34 billion specimen (average catch 279.9 specimen/trawl) was at the level of prolific generation of 1974 and thus, this generation could be characterized as highly productive (table 4.10).

The body length of bream summerlings was from 25 to 90 mm. In western part of the sea the basis of catch was fish of sizes from 45 to 65 mm, in the east – from 25 to 45 mm. Average length of bream summerlings in the Northern Caspian was equal to 58.5 mm, weight – 3.6 g, nutritional state – 1.8 (table 4.11).

According to CME data and other research of KaspNIRH, bream commercial stock in the Volga-Caspian region constitutes 58.0 thousand tons, TAC for 2002 – 17.25, commercial harvesting – 29.7%. 

Zander – Stizostedion lucioperca

Abundance and commercial catches of zander vary significantly. According to N.I. Chugunova (1947), maximal catches of the Volga zander in the Caspian Sea reached 85.5 thousand tons. In the XX century the highest catch (73.2 thousand tons) was recorded in 1934. Later on, due to change in conditions for zander reproduction and feeding stock abundance constantly declined and in 1978 commercial catch was only 180 tons. The present catch of zander is about 1.0 thousand tons (Kushnarenko, 2001) (table 4.15). 

Table 4.15

Dynamics of zander catches and abundance in waters of Russia

	Year of catch
	Commercial catch,

Thousand tons
	Abundance,

Million specimen

	1997
	0.83
	10.0

	1998
	0.73
	7.1

	1999
	0.96
	4.3

	2000
	1.12
	1.0

	2001
	0.5*
	7.3


* – forecast

Table 4.16

Estimation of absolute quantity of zander in the Northern Caspian

	Parameters
	Regions

	
	Russia
	Kazakhstan
	Northern Caspian

	Average catch, specimen/trawl
	3.3
	2.7
	3.0

	Distribution area, thousand km2
	7.9
	8.2
	16.1

	Catching area per one hour of trawling with 9-meter trawl, km2
	0.0216
	0.0216
	0.0216

	Age, years
	0.5
	1+
	2+
	3+
	4+
	5+
	6+

	Coefficient of catchability of 9-meter trawl
	0.11
	0.13
	0.25
	0,61
	0,50
	0,27
	0,19

	Quantity,

Million specimen
	7.2
	6.0
	13.2


Most part of its life (adults and juveniles) zander dwells in the Northern Caspian. Their area is limited on the one hand by depth, and by water salinity on the other. The distribution in the feeding area is determined by zander stock abundance and distribution of food organisms that zander feeds on. They inhabit most widely the Northern Caspian during maximal seawater freshening. In years when the Volga water discharge was higher than 120 km3, area of zander habitat increased by 1.5-3.0 times. 

Among numerous factors influencing the formation of zander stock the main are the sea level, volume of freshwater inflow, oxygen regime in the Northern Caspian water, organic matter inflow, injurious exploitation of zander through commercial catches, food availability. 

In recent three years abiotic and biotic conditions of zander stock formation were favorable and their abundance increases. This is evident from trawl survey of August 2001. 

Zander share in catches was insignificant – 0.2%. Zander concentration in the entire sea areas was 6-8 specimen/trawl. Such insignificant catches reflect the depressive state of commercial stock. 

Zander occurred in the entire Northern Caspian preferring shallow (to 7 m) coastal zone where water salinity varied from 0.31 to 8040/00, and transparency  – from 0.3 to 1.7 m (figure 4.5).

The major part of zander catches consisted of specimen 2 years old (41.2%) but there were seven generations in total. 

	Age
	0+
	1+
	2+
	3+
	4+
	5+
	6+
	Total

	Share, %
	11.7
	41.2
	11.7
	9.0
	9.0
	14.7
	3.0
	100.0


Average characteristics of zander stock were as follows: length – 38.3 cm, weight – 0.921 kg, age – 2.25 years. Male-female ratio was close to 1:1. 

Thus, in comparison to 2000 at commercial stock abundance of 1 million specimen (Russia), abundance of adult zander in waters of Russia increased and this will lead to increase of commercial stock and catches. 

Zander summerlings were distributed evenly in the area from the Tuleni Island to Zaburunie. Near the Ural River one more aggregation was noted and the concentration was 5 specimen/trawl, close to eastern border of the Uralskaya deep trench (figure 4.6). Their habitat was limited by isobath of 8 meters, isohaline of 9‰ and covered an area of 18 000 km2. Zander summerling aggregations stayed above the 5-meter depth where salinity reached 3-4-x ‰. Range of temperature in feeding areas was limited by isotherm of 270C. More than 90% of summerlings stayed in water of temperature from 25.10C to 270C and transparency to 1.0 m (tables 4.6-4.9). 

Zander summerling abundance of 0.4 billion specimen (average catch in the Northern Caspian was 2.4 specimen/trawl) remained at the last year level and characterizes this generation as low productive (table 4.10).

Zander summerling body length varies from 101 to 190 mm. Juveniles of modal groups from 160-190 mm dominated. Their average size in the Northern Caspian constituted 157.0 mm, weight – 64.5 g, nutritional state – 1.7 (table 4.11).  

According to expedition data and other research, commercial stock of zander constitutes 3.83 thousand tons, TAC – 1.13, commercial harvesting – 29.5%. 

Abundance of vobla, bream and zander generations of 2001 would be determined more precisely next year through assessment of yearlings in the Northern Caspian. Their survival rate in the first year of life varies greatly by years and depends on the influence of main parameters of flooding while they stay in the river as well as on feeding conditions at sea. A number of researchers (Tanasiychuk, 1958; Belogolova, 1991 et al) determined that abundance of numerous generations of vobla declines already in the second year of life due to the fact that such generations have a relatively poor feed availability, are behind the standard growth rate and are more easily accessible to predators and fish-eating birds as well as invasions. A positive reliable dependence (r = 0.92±0.14) was revealed between vobla summerling mortality and density on feeding grounds at sea in full-water years. Therefore, it could be assumed that survival of numerous vobla and bream generations of 2001 could be relatively low.  

Conclusions 

Species composition of adult semi-anadromous and freshwater fishes in the Northern Caspian was represented by 13 species: bream, vobla, zope, silver bream, asp, chekhon, wild carp, kutum roach, catfish, white-eye bream, crucian carp, vimba. The most abundant species were vobla and bream constituting 96.3% of fish caught. 

Absolute quantity and mass of bream in the Volga-Caspian area constituted 638 million specimen and 147.66 thousand tons respectively. Generations of 3 years old fish of 1999 prevailed. Abundance of 4-5 year fish of 1997-1998 was also rather high. Those generations will determine stable commercial stocks and catches of bream in the Volga delta in 2002 and 2003. Bream developed well both in western and eastern parts of the Northern Caspian. Their habitat area constitutes 37.5 thousand km2.

This year abundance and biomass of adult vobla increased. In the Northern Caspian those indices constituted 904.1 million specimen and 88.0 thousand tons respectively. At favorable water conditions increase of commercial catches in the Volga delta could be expected. Vobla feeding area in the Northern Caspian constituted 53.5 thousand km2 including 29.3 thousand km2 in eastern part and 24.2 thousand km2 in western part. In catches with 30-foot trawl specimen of 3-4 years old prevailed and they originate from generations of 1998-1999, their length was 15-19 cm (over 80%). Average age of vobla in the Northern Caspian was 2.8+ years. 

Species composition in catches by fingerling trawl consisted of vobla, bream, zander, zope, silver bream, asp, chekhon, white-eye bream and Volga bream. In catches vobla (72.1%) and bream (20.4%) prevailed. The share of zander was only 0.2%, the other species constituted 7.3%.

Absolute quantity of vobla summerlings (85 billion specimen) and bream summerlings (34 billion specimen) were at the level of numerous generations of 1981 and 1974 which characterizes those fish generations as highly productive. Zander summerling abundance (0.4 billion specimen) was at the level of the last year and belongs to low productive generations.  

According to data of expeditions by KaspNIRH conducted in the Northern Caspian and research on the fishing sites in the Volga delta, commercial stocks of the main commercial species – vobla, bream and zander – constitutes 26.156 thousand tons, recommended catch – 91.33 thousand tons at a harvesting rate of 28.6%. 

5. Distribution, abundance and qualitative structure of sturgeon populations in the Caspian Sea

During the expedition, at 131 stations in the Northern Caspian 163 specimen of sturgeons were caught with a 30-foot trawl (at 30 minute exposure per 1 trawl) including 27 beluga specimen, 79 Russian sturgeons, 9 Persian sturgeons, 48 stellate sturgeons. In the Middle and Southern Caspian 28 trawl catches were made with 24.7-meter trawl including 4 at the coast of Russia, 2 – at the coast of Azerbaijan, 12 – at the coast of Iran, 5 – at the coast of Turkmenistan, 5 – at the coast of Kazakhstan. 254 specimen were caught in total including 1 beluga, 17 Russian sturgeons, 169 Persian sturgeons and 67 stellate sturgeons. 

Species composition in trawl catches showed that in the Northern Caspian the dominating species remains Russian sturgeon constituting 48.5%, the share of stellate sturgeon and beluga was 29.4% and 16.6% respectively and the share of Persian sturgeon was significantly less – 5.5%. In comparison with 1999, species composition indices of sturgeon decreased by 11.5%, indices of stellate sturgeon and beluga increased by 2.7 and 3.8% respectively (table 5.1). 

Table 5.1

Sturgeon species composition in the Northern Caspian according to data of summer trawl survey, %

	Years
	Russian sturgeon
	Stellate sturgeon
	Beluga
	Others
	∑

	
	pieces
	%
	Pieces
	%
	pieces
	%
	pieces
	%
	

	1999
	108
	60.0
	48
	26.7
	23
	12.8
	1
	0.5
	180

	2000
	156
	70.9
	46
	20.9
	18
	8.2
	-
	-
	220

	2001
	79
	48.5
	48
	29.4
	27
	16.6
	9*
	5.5
	163


* – Persian sturgeon

In the Middle and Southern Caspian the dominating species was Persian sturgeon (64.8%), the second was stellate sturgeon – 24.2%; the share of Russian sturgeon constitutes only 9.9% (table 5.2). In coastal waters of Iran concentrations of Persian sturgeon and South-Caspian stellate sturgeon increase and the abundance of Russian sturgeon decreases to 4.9%.

Table 5.2

Sturgeon species composition in catches in the Middle and Southern Caspian in August-September 2001

	Sea area
	Russian sturgeon
	Persian sturgeon
	Stellate sturgeon
	Beluga
	∑

	
	pieces
	%
	Pieces
	%
	pieces
	%
	pieces
	%
	

	Middle and Southern Caspian
	9
	9.9
	59
	64.8
	22
	24.2
	1
	1.1
	91

	Iranian coast
	8
	4.9
	110
	67.5
	45
	27.6
	-
	-
	163

	∑
	17
	6.7
	169
	66.5
	67
	26.4
	1
	0.4
	254


Beluga -  Huso huso L.

As expeditionary materials showed, in the Northern Caspian beluga is not numerous compared with other fish species but they have a vast feeding area (figure 4.1).

In summer they prefer feeding grounds located in central and eastern parts of the Northern Caspian. In the central part, on a slope of temporarily flooded island from 0 to 2 beluga specimens were caught per one trawl. The same quantity was caught on slopes adjacent to estuaries of the Belinski, Sukhobelinski and Khokhlatski canals. Small concentrations of beluga were noted on the Ukatnyi slope as well (figure 4.1). In eastern part of the Northern Caspian beluga was caught on a slope of the Novinski temporary flooded island, Sevruzhya spit and near the Maslinskaya and Trekhzbinskaiye spits as well. Traditionally high concentrations of beluga were noted on feeding grounds at the Uralskaya deep trench and in shallow area in the east of the Northern Caspian.

In summer, as coastal water warms up, beluga abundance increases in shallow areas of depth from 2.1 to 13 m in the northern part of the sea and in areas adjacent to the Middle Caspian. In that part of the sea beluga occurred along the western coast in square No. 521 on steep slope: one yearling was caught there.     

In early 90-s beluga were distributed evenly on feeding grounds without forming high concentrations. As a rule, catches constituted about 2 specimen per trawl. In 1994, in coastal zone (from Izberbash to the Sulak estuary) 1-2 specimens per trawl were caught. In middle part of the Caspian Sea they occurred in coastal shallow areas to the north of latitude of Makhachkala and on steep slope opposite Khachmas. In 2001, abundance of beluga feeding along the western coast of the Middle Caspian decreased to minimum. In southern and eastern areas of the Middle Caspian beluga did not occur in catches. 

Thus, the results of summer survey of 2001 show a sharp decline of beluga abundance in the middle and southern areas. 

Beluga inhabited feeding grounds of the Northern Caspian at water temperature from 22.1 to 27.00C. In summer at such temperatures they were distributed evenly in the sea area.
 The highest concentrations both in western and in eastern parts were noted at temperature of 24.1-270C. At the same time, statistical processing of data did not reveal correlation between distribution of beluga and temperature of water (table 5.3).

Table 5.3

Statistical processing of data obtained

	Indices
	Depth, m
	Temperature, 0С
	Transparency, m

	Average
	5.42
	25.4
	1.1

	Standard error
	0.26
	0.13
	0.09

	Standard deviation
	1.37
	0.70
	0.47

	Minimum
	3.7
	24
	0.3

	Maximum
	8.5
	26.5
	2.2

	Reliability rate (95.0%)
	0.54
	0.27
	0.3


In the northern part of the sea beluga feeding went on at depth from 2.1 to 13 m and at water transparency from 0.1 to 7 m. Beluga preferred feeding grounds located in western part of the sea at depth of 4.1-9.0 m, in eastern part – 3.1-6.0 m and with transparency from 0.1 to 3.0 m. They did not occur in deep zones with higher transparency. 

On feeding grounds of the middle part of the Caspian Sea in summer, beluga preferred temperature of 21.50С, depth of 24 m and salinity of 12.90/00.

Quantitative structure of beluga population was characterized by the following indices: length varies from 44 to 200 cm, average 144.9 cm; weight – from 0.32 to 62 kg, average 25.3 kg (table 5.4).

Table 5.4

Qualitative structure of beluga population in northern part of the sea

in summer 2001

	Indices
	West
	East
	Average indices

	
	Females
	Males
	Juveniles
	Without biological analysis
	Population
	Females
	Males
	Juveniles
	Without biological analysis
	Population
	

	Length, cm
	156.0
	142.3
	44.0
	181.33
	147.3
	142.7
	143.5
	-
	142.75
	142.9
	144.9

	Weight, kg
	27.67
	24.87
	0.32
	44.9
	28.53
	23.14
	22.77
	-
	21.85
	22.7
	25.3

	Coefficient of nutritional state
	0.70
	0.68
	0.38
	0.72
	0.67
	0.68
	0.69
	-
	0.70
	0.69
	0.68

	Coefficient of maturity
	1.51
	2.14
	-
	-
	1.91
	0.97
	1.58
	-
	-
	1.19
	1.49

	Age
	11.3
	8.6
	1
	-
	8.7
	8.0
	9.8
	-
	-
	8.6
	8.65

	Share of females,%
	33.3
	55.6
	11.1
	
	
	63.6
	44.4
	
	
	
	50.0

	Share of adults
	25.0
	6.7
	14.8

	Share of juveniles
	75.0
	93.3
	85.2


In western part of the Northern Caspian beluga females caught were larger than those caught in the east. Unfortunately, the largest beluga specimen (8 specimen) were not biologically analyzed. However, it has to be emphasized that in the Eastern part of the Northern Caspian beluga adults constituted only 25 % of the total catch, while in the Western part that number was as low as a mere 6.7%. 

Statistical analysis of materials obtained (table 5.5) shows the close classical interrelation between length and weight as well as between length and age of beluga caught (table 5.6). 

Table 5.5

Statistical processing of materials obtained

	Indices
	Length, cm
	Weight, kg
	Coefficient of nutritional state
	Coefficient of maturation
	Age, years

	Average
	144.9
	25.3
	1.47
	1.48
	8.65

	Standard error
	6.79
	3.07
	0.79
	0.34
	1.09

	Standard deviation
	35.32
	15.97
	4.14
	1.48
	4.89

	Minimum
	44
	0.32
	0.38
	0.16
	1

	Maximum
	200
	62
	22.2
	6.73
	17

	Reliability rate (95.0%)
	13.97
	6.3
	1.6
	0.7
	2.28


Table 5.6

Coefficient of correlation between indices of qualitative structure

of beluga population

	Dependence between:
	r
	P

	Length and weight
	0.93
	<0.001

	Length and age
	0.88
	<0.001

	Length and coefficient of nutritional state 
	0.07
	-

	Length and coefficient of maturation
	0.43
	<0.001


The age of beluga caught was from 1 year to 17 years old (table 5.7). Among females fish of the 1994 generation  prevailed (30.0%), among males – specimen of the 1997generation and 1991 (22.2% each). Average age of females was 9.0 years, males – 9.1 years and juveniles were of 1 year old. Average age of the population was 8.65 years. 

Table 5.7

Age composition of beluga population in the Northern Caspian in summer 2001

	Generations
	Age
	West
	East

	
	
	females
	Males
	juveniles
	females
	males

	
	
	pieces
	%
	Pieces
	%
	
	pieces
	%
	pieces.
	%

	2000
	1
	
	
	
	
	1
	
	
	
	

	1999
	2
	
	
	
	
	
	2
	28.6
	
	

	1998
	3
	
	
	1
	20
	
	1
	14.3
	
	

	1997
	4
	
	
	1
	20
	
	
	
	1
	25

	1994
	7
	1
	33.3
	
	
	
	2
	28.6
	
	

	1993
	8
	
	
	
	
	
	
	
	
	

	1992
	9
	
	
	1
	20
	
	
	
	
	

	1991
	10
	
	
	1
	20
	
	
	
	1
	25

	1990
	11
	
	
	
	
	
	
	
	1
	25

	1989
	12
	
	
	
	
	
	1
	14.3
	
	

	1988
	13
	
	
	
	
	
	
	
	
	

	1987
	14
	2
	66.7
	
	
	
	
	
	1
	25

	1984
	17
	
	
	1
	20
	
	1
	14.3
	
	

	Number
	3
	100
	5
	100
	1
	7
	100
	4
	100

	Average age, years
	11.3
	8.6
	1
	8
	9.8


Analysis of materials of trawl survey shows that summer index of beluga catch per fishing effort in 2001 increased in comparison with 1994, from 0.095 specimen/trawl to 0.21 specimen/trawl (table 5.8). Intensive commercial fishing for beluga at sea feeding grounds led to decline of adult fish share in the population (i.e. specimen of commercial size) and increase of immature fish quantity (under-sized specimen).

Table 5.8

Beluga catches in the Caspian Sea in summer 1994 and 2001 (specimen/trawl)

	Caspian Sea
	Adults
	Immature

	
	1994
	2001
	1994
	2001

	Northern part
	0.017
	0.01
	0.078
	0.2

	Middle part
	0.06
	-
	0.38
	0.036

	Southern part
	-
	-
	1.4
	-


That phenomenon is typical in the first instance for the middle and southern parts of the sea where beluga abundance decreased to critical minimum (catch was 1 specimen per 28 trawls). 

According to results of summer trawl survey, in 2001 in the Northern Caspian beluga abundance constituted 9.35 million specimens (table 5.9). Total beluga stock is equal to 215.05 thousand tons, commercial stock constitutes 69.15 thousand tons (table 5.9)
.  

Table 5.9

Abundance and commercial stock of beluga in the Northern Caspian

in summer 2001

	Indices

	Quantity, million specimen
	9.35

	Total stock, thousand tons
	215.05

	Abundance of commercial stock, million specimen
	1.383

	Commercial stock, thousand tons
	69.15

	Expert assessment of abundance of spawning part of population, specimen
	3500

	Commercial stock of spawning part of population, tons
	262


Due to the fact that large specimen were not subjected to full biological analysis, commercial stock of spawning part of beluga population in the Northern Caspian was determined based on expert assessment as 262 tons.

Russian sturgeon -  Acipenser gueldenstaedtii Br.

In 2001 in the Northern Caspian the Russian sturgeon distribution differed from multi-annual data by lower abundance and practically complete absence in the areas along the Volgo-Caspian canal (at both sides) and at eastern side of the Tuleni Island (figure 4.2). 

Russian sturgeon started to occur in trawl catches near the Malyi Zhemchuzhnyi Island – from its western and south-western sides (4.0 specimen/trawl) mainly specimen of commercial size, i.e. over 85 cm.  Maximal catch (13.0 specimen per trawl) was noted in western part of the Northern Caspian, the average was 1.02 specimen/trawl. Single Russian sturgeons occur in central part. Further their distribution went evenly in the northeastern direction to eastern shallow areas (20-23 miles to the east of the Uralskaya deep trench). Catch per fishing effort within 1-2 specimen/trawl. 

In eastern part of the Northern Caspian the average catch constituted 0.32 specimen/trawl that is by 2.7 times lower than that of the last year (table 5.10). 

Table 5.10

Russian sturgeon catches in the Northern Caspian according to summer trawl surveys, specimen/trawl

	Years
	Western part
	Eastern part

	1999
	0.81
	0.77

	2000
	1.30
	0.88

	2001
	1.02
	0.32


In general for the entire Northern Caspian, relative abundance of Russian sturgeon constituted 0.67 specimen/trawl of which adults (commercial size) were 0.50 specimen/trawl and non-commercial fish was 0.18 specimen/trawl that is lower than in summer 2000, but at the level of average relative abundance of the latter for 1996-1999 (0.65 specimen/trawl). Abundance of Russian sturgeon in the surveyed area of this part of the sea is estimated as 13.0 million specimen that is lower than that of 1999 by 1.2 times. Decline of Russian sturgeons feeding in the Northern Caspian in spring and summer 2001 confirms a long-term trend of their disappearance due to illegal fishing (poaching) for sturgeons at sea as well as decline of enhancement from natural and artificial reproduction. 

In the Middle and Southern Caspian 28 trawls were conducted over the survey period and that does not allow an objective picture of Russian sturgeon distribution. In recent times there were 120 trawl stations conducted in a moth by two scientific vessels. The fact remains that Russian sturgeons occur in trawl catches, although in small quantity (figure 5.3), at western coast of the Middle Caspian (20-22 miles of the Prorez, artificial canal through the Agrakhanskiy peninsula) the catch per fishing effort was 4 specimen/trawl, and at northern conventional border of the Middle Caspian - 2 specimen/trawl.  In eastern part of the Southern Caspian near the Ulskiy shoals and Gryaznyi Volcano catches of Russian sturgeon did not exceed 3 specimen/trawl. That confirms the fact that the main feeding grounds remained the same, the difference is only in size of catch per effort and hence in abundance. 

In territorial waters of Iran, the catches of Russian sturgeon constituted 0.67 specimen/trawl. Majority of population consisted of juveniles and under-sized specimen (75) dwelling at depth from 23 to 35 m.

In the Northern Caspian the above mentioned concentrations were noted at 2.5-11.0 m depth, 24.1-27.00C water temperature in bottom layer, transparency from 0.5 to 6 m and 0.5-10.0 ‰ salinity. However, the densest concentrations of Russian sturgeon were noted at 4.1-6.0 m depth (0.85-1.57 specimen/trawl) and at 10.1-11.0 m depth (3.33 specimen/trawl), 24.1-25.0 0C temperature of water, 1.0-2.0 m transparency and 3.1-4.00/00 salinity. 

In the Middle and Southern Caspian most trawl stations were carried out at depth from 20 to 49 m. In the Southern Caspian Russian sturgeon occurred at 22.1-24.0 m depth and at Turkmenistan shelf – at 33.1-37.0 m depth. 

Long-term dynamics of ratio of specimen of commercial size and juveniles (including under-sized fish) in Russian sturgeon population in the Northern Caspian shows the domination of adults. That fact was confirmed by the trawl survey conducted in August 2001. According to that survey the share of adult (commercial size) specimen constituted 73.9%, i.e. was a little higher than the maximum in the entire Northern Caspian for the recent 10 years (68.4%).  

In the Middle and Southern Caspian, juveniles dominated always in ratio of specimen of commercial and non-commercial size in Russian sturgeon population, especially in summer, when the majority of large (commercial size) fish stay in the Northern Caspian. In that respect, 2001 was not an exception: the share of under-sized specimen and juveniles of Russian sturgeon constituted 66.7%. In summer (July) 1998, on the Turkmenistan shelf the share of under-sized specimen and juveniles was also significant – 80.0% while on the contrary in the Middle Caspian (mainly in western part), large (commercial size) fish dominated and constituted 72.1%. Very few trawl stations conducted in August-September 2001 in the Middle Caspian and accordingly insignificant catch in that area cannot reflect properly the ratio of those groups in sturgeon population in a given area of the sea. 

In 2001, qualitative structure of Russian sturgeon population in the Northern Caspian was a little better than that in 2000, first of all, by indices of absolute length and weight (table 5.11).

The other indices, except for female share, were somewhat higher than those of last summer, but ranged within average multi-annual for the Northern Caspian. 

In 2001 the share of females was close to the share of 1998 (58.7%) but lower than the share of the last year (64.8%). This index seems to be dependent on extent of poaching at sea in different years and abundance of fish migrating to Northern Caspian for spawning.     

Table 5.11

Qualitative composition of Russian sturgeon in summer catches in the Northern Caspian

	Indices
	1999
	2000
	2001

	Length, cm
	107.1
	97.6
	101.1

	Weight, kg
	7.7
	7.0
	7.3

	Coefficient of nutritional state by Fulton
	0.54
	0.52
	0.53

	Gonadosomatic index (GSI), %
	1.68
	1.29
	1.48

	Share of females, %
	55.2
	64.8
	58.5

	Age, years
	9.6
	10.0
	9.1

	Share of mature fish, %
	2.8
	0.99
	1.2


Increase of absolute length and weight of sturgeons relates to large abundance of specimen of commercial size in comparison to the last year. Similar situation was observed concerning coefficient of nutritional state by Fulton and GSI. 

In the Middle and Southern as well as in the Northern Caspian qualitative indices of Russian sturgeon, except for share of females, were also higher that those of 1999 (table 5.12). 

Table 5.12

Dynamics of qualitative indices of Russian sturgeon in the Middle and Southern Caspian by summer trawl survey

	Years
	Length, cm
	Weight, kg
	Coefficient of nutritional state by Fulton
	Coefficient of nutritional state, %
	Share of females, %

	1998
	89.3
	5.1
	0.46
	1.16
	51.4

	1999
	73.7
	3.0
	0.45
	1.24
	46.3

	2001
	76.9
	4.6
	0.47
	1.22
	25.0

	2001, Iran
	61.9
	3.25
	0.40
	1.33
	100.0


Length-weight indices of Russian sturgeon caught at Iranian coast were significantly lower than those of sturgeons caught in other areas of the Middle and Southern Caspian (table 5.12), as well as in comparison to sturgeon feeding in the Northern Caspian in the same period of the year (5.11). Moreover, in the entire sea area, including Iranian coast, qualitative indices of Russian sturgeon were significantly higher than of Persian sturgeon (tables 5.11; 5.12; 5.16).

Age composition of Russian sturgeon (table 5.13) caught in the Northern Caspian in late summer consisted of specimen from summerlings (1.25%) to fish of 19 years of age (1.25%). Specimen of 8-10 years of age prevailed (51.25%), i.e. generations of 1991-1993, and out of them  - specimen of 10 years of age (18.75%). They were mature specimen and as a rule of commercial size.  Another group of Russian sturgeon (30.0%) consisted of specimen of 11-19 years of age among which there were individuals that mature a second time in their life mature (about 7.0%). The smallest group (18.75%) consisted of summerlings including specimen up to 7 years of age. Among them 4-year specimen dominated (7.5%), i.e. the generation of 1997. That group consisted mainly of under-sized and immature fish. Average age of Russian sturgeon was estimated as 9.5 years, females – 10.48 years and males – 8.9 years. Average age of Russian sturgeon in the Middle and Southern Caspian was 6 years and at the Iranian coast – 5 years.

Table 5.13

Age composition of Russian sturgeon in the Northern Caspian in August 2001

	Generation
	Age
	Females
	Males
	Sex not determined
	Population

	
	
	Specimen
No.
	%
	Specimen
No.
	%
	Specimen No.
	%
	Specimen

No.
	%

	2001
	-
	
	
	
	
	1
	25.0
	1
	1.25

	2000
	1
	
	
	
	
	2
	50.0
	2
	2.5

	1999
	2
	
	
	
	
	1
	25.0
	1
	1.25

	1998
	3
	
	
	
	
	
	
	
	

	1997
	4
	3
	6.82
	3
	9.38
	
	
	6
	7.5

	1996
	5
	
	
	2
	6.25
	
	
	2
	2.5

	1995
	6
	
	
	1
	3.12
	
	
	1
	1.25

	1994
	7
	1
	2.27
	1
	3.12
	
	
	2
	2.5

	1993
	8
	7
	15.93
	5
	15.63
	
	
	12
	15.0

	1992
	9
	8
	18.18
	6
	18.75
	
	
	14
	17.5

	1991
	10
	8
	18.18
	7
	21.88
	
	
	15
	18.75

	1990
	11
	2
	4.54
	2
	6.25
	
	
	4
	5.0

	1989
	12
	4
	9.09
	3
	9.38
	
	
	7
	8.75

	1988
	13
	3
	6.82
	1
	3.12
	
	
	4
	5.0

	1987
	14
	3
	6.82
	
	
	
	
	3
	3.75

	1986
	15
	2
	4.54
	1
	3.12
	
	
	3
	3.75

	1985
	16
	
	
	
	
	
	
	
	

	1984
	17
	2
	4.54
	
	
	
	
	2
	2.5

	1983
	18
	
	
	
	
	
	
	
	

	1982
	19
	1
	2.27
	
	
	
	
	1
	1.25

	Total
	
	44
	100
	32
	100
	4
	100
	80
	100

	Average age
	10.48
	8.9
	1.125
	9.51


In the population of Russian sturgeon in the Northern Caspian, unlike Persian sturgeon, mature specimen were found although in small quantity, at IV-III stage of gonad development, and they could potentially enter the rivers and be a part of the spawning population. That is especially important for both natural and artificial reproduction. In the last two years the share of spawning part of Russian sturgeon population declined practically down to 1%, although in recent past it was significantly higher: in 1994 – 7.3%; in 1997 – 3.5%; in 1999 – 2.8%. The remaining sturgeon specimen were mainly at II stage of gonad maturation (97.6%) and very few at VI-II stages, i.e. “post-spawning” stage, or spawned this year and migrated from river into the sea. 

Thus, the analysis of results of the summer (August) survey conducted in the Northern Caspian showed that at present the population of Russian sturgeon is in a satisfactory state, from a viewpoint of biology. However, their abundance still continues to decline due to decreasing enhancement from natural and artificial reproduction in addition to illegal fishing (poaching) that increased in the last ten years at sea and in rivers. 

Nevertheless, total stock of Russian sturgeon in the Northern Caspian is still rather large and is estimated as 94.6 thousand tons including commercial stock of 69.9 thousand tons (table 5.14). However, the present (of summer 2001) commercial stock of spawning part of the population that could potentially enter the rivers constitutes only 0.84 thousand tons. 

In the Middle and Southern Caspian Russian sturgeon abundance in the researched area is estimated at 0.718 million specimen, total stock at 3.29 thousand tons, commercial stock at 1.095 thousand tons. As very few trawls were conducted, assessment of sturgeon abundance in the Middle and Southern Caspian  (without Iranian zone) was made using calculations and that makes it different from the summer trawl survey of 1998. 
 

Table 5.14

Abundance and stocks of Russian sturgeon in the Northern Caspian by summer trawl survey

	Year
	Abundance, 
million specimen
	Total stock,

 thousand tons
	Commercial stock, thousand tons
	Spawning commercial stock, thousand tons

	1999
	16.0
	123.2
	93.5
	1.035

	2001
	13.0
	94.6
	69.9
	0.84


Previously, in those parts of the sea 120 trawl stations were conducted, i.e. rather large area was researched and accordingly larger number of sturgeons were caught. Therefore, the values of abundance, total and commercial stocks obtained as a result of expert appraisal of the values of 2001 indicated above should be multiplied by 2.1 and added to the values of Northern Caspian (basis – summer trawl survey at sea in 1998 chosen as an analogue year). As a result, abundance of Russian sturgeon at sea (without Iranian zone) would constitute 24.4 million specimen, total stock – 97.11 thousand tons, commercial stock – 72.7 thousand tons, commercial spawning stock – 0.84 thousand tons (table 5.15). 

Table 5.15

Abundance and stocks of Russian sturgeon in the Caspian Sea based on data of the summer trawl survey

	Year
	Abundance, 

million specimen
	Total stock,

 thousand tons
	Commercial stock, thousand tons
	Spawning commercial stock, thousand tons

	1998
	23.0
	126.5
	69.1
	1.1

	1999
	29.2
	143.1
	104.0
	1.54

	2001
	24.4
	115.3
	72.7
	0.87

	2001,

Iran
	9.4
	12.9
	0.22
	-


Abundance of Russian sturgeon in the surveyed area of the Iranian coast constituted 0.64 million specimen, total stock – 2.074 thousand tons, commercial stock – 0.223 thousand tons (table 5.15).

Persian sturgeon - Acipenser persicus Borodin

Abundance of Persian sturgeon in the Northern Caspian in comparison to Russian sturgeon is significantly lower. In August 2001, average catch per trawl constituted only 0.07 specimen. Due to such low abundance it was practically not taken into account in multi-annual assessment. Nevertheless, Persian sturgeon along with Russian sturgeon occurred mainly in western part of the Northern Caspian, where 8 Persian sturgeons were caught (figure 4.4).

In eastern part of the sea only 1 specimen was caught at the border of Uralskaya deep trench and eastern shallow areas (square No. 100).

In the Middle and Southern Caspian, Persian sturgeon occurred in catches at the coast of Kazakhstan (4 specimen per trawl) approximately 8 miles to the south of the “Peschanyi” cape, as well as along Turkmenistan coast in a large quantity (1-33 specimen/trawl) (figure 4.5). 

The relative catch of Persian sturgeon in the researched area of the Middle and Southern Caspian averaged 3.69 specimen/trawl, abundance – 4.707 million specimen. Increase of this species abundance in those areas of the sea is a result of work of Iranian sturgeon hatcheries. Recently, Persian sturgeon appeared in habitats of Russian sturgeon due to a sharp decline of the latter stocks. In early 90-s, in the Middle and Southern Caspian, at western coast of Dagestan and Azerbaijan (especially in Dagestan area from the Chechen Island to area near Makhachkala at depth of 20 m isobath) catches per fishing effort mainly of large specimen of Russian sturgeons were traditionally rather significant (to 40-86 specimen/trawl). In 2001, in that area only 7 specimen were caught at 18-20 m depth. Persian sturgeons were noted at depths of 22.1-24.0 m and 33.1-37.0 m in the area of Turkmenistan shelf. 

At the Iranian coast, Persian sturgeon occurred in all parts of the area at depths within 19.1-20.0 m and 38.1-39.0 m, where 110 specimen were caught. In western part affected greatly by continental freshwater discharges from large and numerous small mountain rivers, the catch per fishing effort was significantly higher (14.2 specimen/trawl) than in the east (6.7 specimen/trawl).  The largest river of Sefidrud and several small rivers enter the sea in the western part of the Iranian area (apparently, freshwater inflow is lower in the eastern part) and there the maximal catch of under-sized specimen and juveniles constituted 57.0 specimen/trawl. In general in the surveyed area, the relative catch of Persian sturgeon was 9.17 specimen/trawl giving 8.775 million specimen in abundance.   

Qualitative composition of Persian sturgeon population is completely different from Russian sturgeon. Out of 9 specimen caught in the Northern Caspian only one was of commercial size constituting 11.1 %, the remaining 88.9% were represented by under-sized specimen and juveniles. At the same time in the Northern Caspian the share of Russian sturgeons of commercial size was 73.9% and non-commercial – 26.1 indicating importance of that part of the sea for feeding and forming commercial stock of those fish. 

In the Middle and Southern Caspian (without Iran) the share of immature Persian sturgeons increased to 96.6%. At the Iranian coast Persian sturgeons (110 specimen) were of non-commercial size and juveniles. Thus, the share of “small” fish in Persian sturgeon population at Iranian coast was actually larger than in the area of the Turkmenistan shelf. Average size of Persian sturgeons in the Middle and southern Caspian is shown in table 5.16. 

Indices of Persian sturgeon caught in the Northern Caspian were higher than those in the other parts of the sea, but significantly lower than those of Russian sturgeon except for the share of females (66.7%) (tables 5.11, 5.16).  

Table 5.16

Qualitative composition of Persian sturgeon catches in the Caspian Sea in summer 2001.

	Indices
	Northern Caspian
	Middle and Southern Caspian
	Coast of Iran

	Length, cm
	72.2
	62.4
	52.2

	Weight, kg
	3.3
	1.4
	1.23

	Coefficient of nutritional

state by Fulton
	0.46
	0.40
	0.38

	GSI, %
	0.76
	0.99
	0.82

	Share of females, %
	66.7
	33.3
	50.0

	Age, years
	5.9
	4.0
	3.0

	Share of mature fish, %
	-
	-
	-


It seems that all large (commercial size) sturgeons, Persian in the first instance, feed in other parts of the sea, in particular, in the Northern Caspian. However, their share there is not large – 5-6% only (mainly adults).

Abundance of Persian sturgeons in the Caspian Sea (excluding Iran) estimated the same way as Russian sturgeons constitutes 11.18 million specimen, total stock – 18.14 thousand tons, commercial stock – 0.96 thousand tons. In the researched area of Iranian zone the abundance of Persian sturgeon constitutes 8.775 million specimen, total stock – 10.794 thousand tons. 

Stellate sturgeon -  Acipenser stellatus Pallas

In the Caspian Sea, stellate sturgeon Ac. stellatus Pallas is represented by three populations: Volga, Ural and Kura (Perevarukha, 1989; 1997). Stellate sturgeon habitat includes the Caspian Sea and lower parts of inflowing rivers. Practically, they spend their whole life cycle in the sea and enter rivers for a shot period for spawning. Stellate sturgeon migrates for spawning to the Volga, Ural, Terek, Sulak, Samur, Sumgait, Lenkoranka, Sefidrud, Kura rivers as well as rivers of the southern coast to Gorgan. 

Within the area they dwell on steep slopes and shelf zone rich in food preferring silt and sand-silt grounds rich in Gammaridae and Corophiidae (Legeza, 1972). Total area of their distribution varies from 10.3 to 16.0 thousand km2 depending on season and level of the sea (Belyaeva, Ivanov, Zilanov, 1998). The main habitats are close to inflow of fresh waters: western part of the Northern Caspian, Dagestan coast of the Middle Caspian and shelf of Turkmenistan near the Ulskiy and Gryaznyi Vulcan shoals of volcanic origin (Caspian Sea…1989). According to data of trawl survey of 2001, in Iranian waters stellate sturgeon is most abundant at southeastern coast in the Gorgan river estuary. 

Ural stellate sturgeon winter in the Uralskaya and Mangyshlakskaya deep trenches. Immature specimens prefer Turkmenistan shelf that is warmer in winter. Kura stellate sturgeon winter exclusively in the Southern Caspian as they are very warm-loving (Caspian Sea…, 1989; Scientific basis…, 1998). 

In spring when water mass warms up to 70 C, mature stellate sturgeon migrate for spawning from the Middle and Southern Caspian to the Northern Caspian and then mature specimen enter the Volga, Ural rivers and rivers on Dagestan coast. Immature specimen feed in the Northern Caspian. After spawning breeders migrate downstream into the northern part of the sea for feeding. Primary stages of formation of population structure take place there as well. 

The Northern Caspian with its brackish water well warmed in summer and rich in food is the main habitat of stellate sturgeon all the year round. Rise and fall of the sea level determine feeding areas, degree of water mineralization and overgrowth by aquatic sclerophyll and soft vegetation affecting the distribution of juveniles and adults (Pirogovskiy, 1981). In years of falling level of the Caspian Sea, juveniles of stellate sturgeons as well as of other sturgeons flowing downstream from the Volga and Ural rivers migrated toward the western shelf of the Middle Caspian and did not remain in the Northern Caspian. The fall of the level of the Caspian Sea in 1977 to the minimal mark – minus 29.04 m BS led to reduction of sturgeon feeding area in the Northern Caspian by 10 thousands km2. At present due to transgression of the Caspian Sea level, the feeding area increased by more than 40 thousand km2 favoring appearance of stellate sturgeon in the Northern Caspian in summer.  Thus, the rise of the sea level in 1983 by 89 cm in comparison to 1978 led to 3-fold increase of sturgeon abundance in the Northern Caspian including stellate sturgeon up to 68.8% (Palgui, 1984). According to recent data, biomass of stellate sturgeon feeding in the Northern Caspian constitutes 69.6% (Scientific basis…, 1998). 

In summer 2001, the share of stellate sturgeons in trawl catches in the Northern Caspian constituted 29.4% at average multi-annual value of 30.4%, in the Middle and Southern Caspian – 26.4% including Iranian zone – 25.9%. 

According to multi-annual data, summer distribution of stellate sturgeon in the Northern Caspian is characterized by steady aggregations in its entire area: from the Tulenya shoal to the Ukatnyi slope in the west and in the area of the Uralskaya deep trench along the Kulalinskiy threshold in the east (Chukanov et al, 2000). 

 In years when water was well warmed (the same we can observe at present – 1999-2001) in the western part vast zones of hypoxia are formed and therefore stellate sturgeon prefers the eastern part of the Northern Caspian (Slivka et al, 1999,2000). Summer distribution of stellate sturgeon in August 2001 was the same as last year and was characterized by increased density of concentrations in western part of the Northern Caspian and insignificant decline in the eastern part (figure 4.6). 

In western part of the Northern Caspian stellate sturgeon occurs mainly at the Kirovskiy, Belinskiy, Sukho-Belinskiy slopes and the Ukatniy Island. At the estuary of the Glavnyi canal (in traditional distribution areas near the Zhemchuzhnaya and other shoals and islands) there were no stellate sturgeon in catches except for three specimen caught at the Chistaya shoal and a single specimen recorded in square No. 404. Maximal relative catches of stellate sturgeon in western part of the Northern Caspian, like in the last year, did not exceed 3 specimen/trawl. They were noted at the Sukho-Belinskiy shoal and at extremity of the Chistaya Banka shoal (square No. 322). Concentrations of stellate sturgeon as 2 specimen/trawl were noted at the Khokhlatinski shoal slope, 1 specimen/trawl mainly in central part of the Northern Caspian. Average relative catch increased in comparison to the last year from 0.16 to 0.242 specimen/trawl, in 1999 the density of stellate sturgeon concentrations in this part of the sea did not exceed 0.10 specimen/trawl on average (table 5.17). 

Table 5.17

Dynamics of relative abundance of stellate sturgeon in the Northern Caspian, specimen/trawl

	Year
	West
	East
	Northern Caspian

	
	Adult
	Immature
	∑
	Adult
	Immature
	∑
	Adult
	Immature
	∑

	1999
	0.08
	0.016
	0.10
	0.51
	0.04
	0.55
	0.31
	0.03
	0.34

	2000
	-
	-
	0.16
	-
	-
	0.50
	0.25
	0.08
	0.33

	2001
	0.136
	0.106
	0.242
	0.354
	0.138
	0.492
	0.244
	0.122
	0.366


In the eastern part of the Northern Caspian stellate sturgeon was more dispersed than last year. They preferred to dwell on the slopes of the Ukatnyi Island and the Novinskiy shoal and in area near the Guriyvskaya deep trench. It is in those areas that the densest concentrations were noted constituting only 2 specimen/trawl while in 2000 the concentrations of 3 specimen/trawl were rather frequent and maximal catch reached 8 specimen/trawl. Similar and less dense concentrations not exceeding 1 specimen/trawl occurred in summer this year outside the Guriyevskaya deep trench mainly near its northern and partially eastern borders, at slopes of the Novinskaya and Trekhbratinskaya spits and at the Borozdinnyi Island. Average relative abundance of stellate sturgeon in eastern part of the Northern Caspian was at level of the last year (0.50 specimen/trawl) and constituted 0.492 specimen/trawl.  In general for the Northern Caspian, this index somewhat increased (0.366 specimen/trawl) in comparison to 1999-2000 (0.34-0.33 specimen/trawl). At that, in comparison to the last year, occurrence of stellate sturgeon in the Northern Caspian increased from 19.4 to 21.2% but average relative catch per one representative station decreased from 1.71 to 1.43 specimen/trawl which is determined by regularity of species migrations and naturally results from declining density of concentrations and total species abundance.  

In the Middle and Southern Caspian, with respect to stellate sturgeon, the most productive areas are the western parts, mainly Dagestan, coast of the Middle Caspian and southeastern shelf of the Southern Caspian including Turkmenistan and Iranian coastal zones of 30-m depths. 

In August-September 2001, at Dagestan coast of the Middle Caspian three trawl catches were carried out, one of which (square No. 521) brought 9 specimen of stellate sturgeon (2 adults and 7 of non-commercial size) (figure 4.7). According to data of previous years, in the adjacent square No. 520 catches of stellate sturgeon in 1991 gave 12 specimen, in 1994 – 11 specimen, including 1 juvenile in each (Krasikov, Fedin, 1996). In 1998, 11 adult stellate sturgeons were caught there per trawl and in 1999 – only a single adult stellate sturgeon (Slivka et al, 1999, 2000). The average relative catch of stellate sturgeon at the Dagestan coast constituted 3.0 specimen/trawl (table 5.18) which could be compared with winter concentrations constituting 3.03 specimen/trawl (Palgui, 1992).   

Table 5.18

Relative catches of stellate sturgeon in the Middle and Southern Caspian, specimen/trawl

	Year
	Russia (Dagestan)
	Kazakhstan
	Azerbaijan
	Turkmenistan
	Middle and Southern Caspian*
	Iran

	1998
	0.73
	-
	0.16
	1.29
	0.88
	-

	1999
	0.05
	-
	-
	0.98
	0.69
	-

	2001
	3.0
	0
	0
	3.25
	1.47
	3.46


*- without Iran

In the Kazakhstan waters of the Middle Caspian 4 trawl catches were carried out. Stellate sturgeons were not observed in catches. In 12 trawls conducted in summer 2001 they did not occur there as well (Krasikov, Fedin, 1996) which could be explained by absence of freshwater inflow in that area.  

According to trawl survey of 2001 in 3 trawl catches conducted in Azerbaijan waters there were no stellate sturgeons. According to data of previous years, square No. 1005 was productive. . In 1991, 1 stellate sturgeon juvenile was caught there, in 1998 – 1 adult (Krasikov, Fedin, 1996; Slivka et al, 1999). 

IN 4 trawl catches at Turkmenistan shelf the relative catch of stellate sturgeon constituted 13 specimen including 9 adults and 4 juveniles. During trawl surveys of 1991 and 1998, out of 4 stations the most productive was the station No. 1256 where 5 adults and 2 juveniles were caught (Krasikov, Fedin, 1996; Slivka et al, 1999). Average relative catch of stellate sturgeon at Turkmenistan coast in August-September 2001 constituted 3.25 specimen/trawl, which could be compared with indices of the summer survey of 1991. 

In general for the Middle and Southern Caspian (without Iranian zone) the average relative catch of stellate sturgeon in August-September 2001 was also close to that of 1991 (1.67 specimen/trawl) and constituted 1.47 specimen/trawl. 

In the Iranian zone the densest concentrations of stellate sturgeon were noted in southeastern part of the coast (in pre-estuarial zone of the Gorgan River). There, the maximum catches (square No. 1466) reached 26 specimen/trawl including 24 adults, the minimum was 3 specimen/trawl. Along the central part of the southern coast of Iran (squares No. 1483, 1491) relative catches of stellate sturgeon did not exceed 1-2 specimen/trawl, in western part they increased to 4 specimen/trawl (square 1349) but were represented exclusively by under-sized fish and juveniles. Average relative catch of stellate sturgeon at the Iranian coast was close to that taken at the Turkmenistan shelf (3.25 specimen/trawl) constituting 3.46 specimen/trawl. 

Stellate sturgeon is eurythermal and very warm-loving species among sturgeons. Their habitat is limited by water temperature from 2.4 to 29.50C (Caspian Sea…, 1989). Stellate sturgeons winter in bottom waters of 6-80C temperature. As surface water warms up to 70C stellate sturgeons migrate to the Northern Caspian. For feeding they prefer areas where temperature of water is higher than 220C.  At autumn cooling of the water down to 18-200C they form pre-wintering concentrations (Legeza, 1968, 1972). 

Summer distribution of stellate sturgeon by depth and water temperature was close to multi-annual. In the Northern Caspian, stellate sturgeons occurred at depths from 2.1 to 11.0 m, at temperature ranging within 23.1 and 27.00C, at water transparency from 0.1 to 3.0 m. The highest concentrations were observed at 5-6 m isobath (0.7 specimen/trawl) in areas with surface water temperature of 24.1-25.00C and over 1.0 m transparency.

In the Middle and Southern Caspian, stellate sturgeons occurred at depths from 20 to 40 m and temperature from 19 to 290C. Juveniles preferred depth interval within 20 and 30 m (2.13 specimen/trawl), temperature of water in the Middle Caspian as of 21-222C, in the Southern Caspian  - 28-290C. Adults preferred 30-40-m isobath (2.91 specimen/trawl) and the same temperature range as juveniles. 

Stellate sturgeon is a brackish water and the most euryhaline among sturgeon species. Stellate sturgeon juveniles are less salt-resistant and prefer 5-6‰ salinity (Levin, 2001). Early downstream migration of stellate sturgeon into the sea causes low survival of progeny. Salinity of 8‰ is lethal for larvae at early stages of development (Peseridi et al, 1972). Adults and large juveniles inhabit waters of salinity ranging within 0 and 14.34‰ in the entire Caspian Sea (Legeza, 1968, 1972).

In August 2001 in the Northern Caspian, stellate sturgeons fed in waters of 0-9‰ salinity. In western areas of the Northern Caspian relatively dense concentrations of stellate sturgeon (0.64 specimen/trawl) were noted at 4-5‰ salinity of water. In the deeper eastern part they prefer areas with salinity from 6 to 9‰. 

In the Middle and Southern Caspian stellate sturgeon occurred in a rather limited range of salinity – from 12 to 14‰, forming the densest concentrations at 12-13‰. 

Annual growth of poaching in the Caspian Sea and basin rivers led to significant decline of reproduction of stellate sturgeon population (table 5.19). Impacted by illegal fishing, their abundance decreased practically by a factor of two in recent 5 years. Increase of enhancement in 2000 on the one hand, re-distribution of young generations from the shelf of Turkmenistan into the Northern Caspian on the other hand – are connected with even greater reduction of share of breeders due to overfishing by poachers. Abundance of adult part of stellate sturgeon population declines more rapidly than of other sturgeon species. Due to specific shape of snout they are easier trapped in nets. 

Table 5.19

Relative abundance of immature specimen and juveniles of stellate sturgeon in the Northern Caspian, %

	Year
	Share of immature fish, %
	Year
	Share of immature fish, %

	1991-1995
	34.0
	1998
	16.7

	1996-2000
	18.0
	1999
	8.3

	1996
	23.1
	2000
	25.0

	1997
	16.7
	2001
	33.3


In summer 2001 in the Northern Caspian, a trend of increased juvenile share in population remained valid and in comparison to the last year it grew from 25 up to 33.3%. 

In August-September 2001 the Middle and Southern Caspian, under-sized specimen and juveniles constituted 35.8%
 corresponding to the level of 1994 (Krasikov, Fedin, 1994). Such an increase of proportion of enhancement in all traditional survey areas is probably caused by poaching that developed especially widely at the Dagestan and Azerbaijan coasts (Belyaeva, Ivanov, Zilanov, 1998). In general for the sea this value amounts to 34.5% (table 5.20). 

Table 5.20

Relative abundance of immature specimen and juveniles of stellate sturgeon in the Middle and Southern Caspian, %

	Year
	Russia (Dagestan)
	Kazakhstan
	Azerbaijan
	Turkmenistan
	Middle and Southern Caspian*
	Iran

	1998
	4.5
	-
	0
	13.8
	10.8
	-

	1999
	0
	-
	-
	27.3
	26.7
	-

	2001
	77.8
	0
	0
	30.8
	50.0
	28.9


*- without Iran

Length-weight indices of stellate sturgeon correspond to changes of share of immature and fish and juveniles (tables 5.21, 5.22). 

Table 5.21

Dynamics of quantitative indices of stellate sturgeon in the Northern Caspian (data of summer trawl survey)

	Indices
	Sex
	1999
	2000
	2001

	
	
	
	
	Northern Caspian
	West
	East

	Length, cm
	Females
	130.1
	130.5
	126.0
	123.6
	127.3

	
	Males
	123.9
	120.8
	120.2
	125.5
	116.7

	
	Population
	120.4
	110.7
	106.1
	101.8
	108.5

	Weight, kg
	Females
	7.6
	7.2
	6.9
	6.2
	7.3

	
	Males
	7.1
	5.6
	5.8
	7.4
	4.7

	
	Population
	6.2
	5.5
	5.0
	4.5
	5.3

	Coefficient of nutritional 

state by Fulton
	Females
	0.32
	0.30
	0.33
	0.30
	0.35

	
	Males
	0.35
	0.28
	0.32
	0.36
	0.29

	
	Population
	0.31
	0.31
	0.30
	0.28
	0.30

	Coefficient of maturation, %
	Females
	1.43
	1.53
	2.41
	1.51
	2.92

	
	Males
	1.14
	1.10
	1.38
	1.63
	1.21

	
	Population
	1.13
	1.34
	2.17
	1.53
	2.52

	Share of 

females, %
	Population
	57.7
	55.5
	83.3
	81.8
	84.2

	Average age, years
	Population
	9.37
	8.11
	6.36
	6.06
	6.54


In general for the Northern Caspian length-weight indices decreased from 120.4 cm and 6.2 kg in 1999 down to 106.1 cm and 5.0 kg in 2001. Female length constituted 126.0 cm, weight – 6.9 kg, males – 120.2 and 5.8 kg respectively. The length of stellate sturgeon juveniles was 52.4 cm and weight – 0.282 kg. In eastern part of the Northern Caspian females were larger and males were smaller than in the west.

In the Middle and Southern Caspian average size of stellate sturgeons decreased due to domination of juveniles even more then in the Northern Caspian and constituted 98.7 cm and 4.44 kg (table 5.22). Females were 134.4 cm of length and males – 121.5 cm, undersized specimen and juveniles – 83.8 cm. Weight of stellate sturgeon females was 7.9 kg, males – 5.4 kg and growing specimen – 3.1 kg.

Table 5.22

Dynamics of qualitative indices of stellate sturgeon in the Middle and Southern Caspian based on data of summer trawl survey

	Year
	Length, cm
	Weight, kg
	Coefficient of nutritional state by Fulton
	Coefficient of maturation, %
	Share of females, %

	1998
	118.1
	5.0
	0.27
	1.57
	60.2

	1999
	111.8
	4.82
	0.31
	2.35
	61.0

	2001
	98.7
	4.44
	0.27
	3.38
	76.2

	2001, Iran
	108.7
	5.77
	0.24
	-
	50.0


In the Iranian area the size of stellate sturgeons was similar to those in the Northern Caspian (tables 5.21, 5.22). 

In the Northern Caspian coefficients of nutritional state (by Fulton) for stellate sturgeon population averaged 0.30, at that of females – 0.33 and of males – 0.32, of juveniles – 0.19. Nutritional state of females in the eastern Northern Caspian was undoubtedly higher than that of males, while in western areas nutritional state of females was significantly lower that that of males. 

In the Middle and Southern Caspian average nutritional state of stellate sturgeon was lower than in the Northern Caspian and constituted 0.27 indicating importance of the latter as a feeding area and place of growing of new generations. Nutritional state of females was 0.31, males – 0.30, juveniles – 0.26 (table 5.22). South-Caspian population of stellate sturgeon in the Iranian waters distinguished itself by a poor nutritional state (0.24) (table 5.22). 

Coefficients of maturation of stellate sturgeon in the Northern Caspian in August 2001 were higher than in previous years due to domination of females in the population (table 5.17). Proportion of mature specimen able to enter rivers for spawning remained at the level of the last year (2.4%) and constituted 2.2%. In 1999 there were 4.9% of the population.  

In the Middle and Southern Caspian the share of mature fish constituted 31.3% for females, 20% for males and in general for population – 28,6% and 18.2% without Iranian zone. In the Iranian zone the number of mature specimen did not exceed 6.7%. 

Average coefficient of maturation was rather high and constituted 3.38%, for females it amounted to 3.76%, for males – 2.19% (table 5.18). 

Sex composition of stellate sturgeon population at sea is characterized by long-term domination of females constituting from 55.5 to 70.8% in the Northern Caspian and from 54.8 to 69.9% in the Middle and Southern Caspian. In general for the sea it ranged between 57.9 and 65.2% (Caspian Sea…, 1989; Slivka et al, 2000). In August 2001 in the Northern Caspian the share of females in the stellate sturgeon population increased to 83.3%. In the west females constituted 81.8%, in the east – 84.2%. Such domination of females indicates an adverse state of population and its very poor enhancement with young generations.

In the Middle and Southern Caspian proportion of females evidently increased as well in comparison with previous years and constituted 76.2% (table 5.22). It cannot be ruled out that such domination of females is the result of small quantity of samples taken for biological analysis. At the Iranian coast sex ratio of stellate sturgeon population was 1:1.

Stellate sturgeon population at sea has multi-age composition. Until late 80-s, in marine catches specimen occurred from 1 to 18-20 years of age (Pavlov, Zakharov, 1967; Caspian Sea…, 1989). At mass poaching developed in the 90-s, age composition underwent significant changes. Age composition of stellate sturgeon in trawl catches decreased to 14-16 years (Krasikov, Fedin, 1996; Slivka et al, 2000). Maximum age of Kura stellate sturgeon in catches with fixed nets at coast Of Azerbaijan declined from 19 years in 1989 to 14 years in 1995 (Kuliev, Zarbalieva, 2000).      

According to data of 2001, age composition of stellate sturgeon in the Northern Caspian did not exceed 12 years, average age declined to 6.4 years (table 5.23). Among adults, generations of 1990-1994 prevailed (57%), out of which the most prolific was generation of 1993 (19.05%). Dominating in population enhancement were yearlings of 2000 (21.43%). Average age of females was 8.5 years, males- 7.7 years and juveniles – 1.25 years.   

Table 5.23

Age composition of stellate sturgeon population in the Caspian Sea

	Generations
	Age
	Northern Caspian
	Middle and Southern Caspian

	
	
	Specimen
	%
	Specimen
	%

	2000
	1
	9
	21.43
	-
	-

	1999
	2
	4
	9.52
	-
	-

	1998
	3
	-
	-
	-
	-

	1997
	4
	-
	-
	-
	-

	1996
	5
	1
	2.38
	1
	4.76

	1995
	6
	2
	4.76
	2
	9.52

	1994
	7
	5
	11.91
	-
	-

	1993
	8
	8
	19.05
	2
	9.52

	1992
	9
	3
	7.14
	5
	23.82

	1991
	10
	5
	11.91
	4
	19.05

	1990
	11
	3
	7.14
	1
	4.76

	1989
	12
	2
	4.76
	3
	14.29

	1988
	13
	-
	-
	1
	4.76

	1987
	14
	-
	-
	2
	9.52

	N
	
	42
	100
	21
	100

	Average age
	6.36
	9.81


In the Middle and Southern Caspian age composition of stellate sturgeon was limited by 14 years and generations of 1991-1992 prevailed (42.86%). Average age of females constituted 10.2 years, males – 8.6 years, of population – 9.81 years. Average age of stellate sturgeon females in Iranian waters did not exceed 5 years and males were twice older – 10 years. 

Abundance of stellate sturgeon in the Northern Caspian and in general for the sea undergoes significant fluctuations caused by changing abiotic, biotic and anthropogenic factors (Krasikov, Fedin, 1996; Kashentseva, 1997; Scientific basis…, 1998; Slivka et al, 19999; Zykova et al, 2000). Recently, due to high warming of water in summer and absence of ice cover in winter, significant increase of abundance is observed in the Northern Caspian at the account of respective decline of the stock at the Dagestan coast in the Middle Caspian (Slivka et al, 2000).  

Regardless of relatively high abundance of stellate sturgeon in the Northern Caspian in recent years, their stocks, particularly the spawning part of the population, decline continuously due to decreasing quantity of large repeatedly spawning specimen (table 5.24). 

Table 5.24

Abundance and stocks of stellate sturgeon in the Northern Caspian by data of summer trawl survey

	Years
	Abundance, million specimen
	Total stock, thousand tons
	Commercial stock, thousand tons
	Spawning commercial stock, thousand tons

	1999
	10.1
	62.6
	57.7
	2.70

	2000
	10.4
	57.2
	41.8
	1.20

	2001
	9.9
	49.5
	33.0
	0.93


In recent three years the total stock of stellate sturgeon declined from 62.6 thousand tons (1999) down to 49.5 thousand tons (2001) and commercial stock – from 57.7 to 33.0 thousand tons respectively.
 Spawning stocks of stellate sturgeon in the Northern Caspian and other parts of the sea consist mainly of first time spawners having smaller weight and fertility which in turn affect the size, quality and survival rate of progeny. 

Due to very few trawls, assessment of stellate sturgeon abundance in the Middle and Southern Caspian (without Iranian zone) was made through calculation methods. For verification the 1991 year was taken as an analogue (table 5.25).  

Table 5.25

Abundance and stocks of stellate sturgeon in the Caspian Sea by data of summer trawl survey

	Year
	Abundance, million specimen
	Total stock, thousand tons
	Commercial stock, thousand tons
	Spawning commercial stock, thousand tons

	1998
	11.6
	58.1
	51.9
	1.0

	1999
	13.8
	75.9
	62.8
	3.7

	2001
	14.76
	71.1
	43.8
	3.76

	2001, Iran
	3.2
	18.5
	13.1
	0.88


The results of the trawl survey indicate that the total stock of stellate sturgeon in the Nothern Caspian in August 2001 constituted 49.5 thousand tons (table 5.24). It is also known (Scientific basis…, 1998) that this value corresponds to 69.9% of total biomass of stellate sturgeon in the Northern Caspian. Hence, the total stock of stellate sturgeon in the entire sea could be estimated as 71.1 thousand tons, in the Middle and Southern Caspian – 21.6 thousand tons. At the average weight of the specie in this area of the sea amounting to 4.44 kg, its average abundance would constitute 4.86 million specimen and for the entire Caspian (without Iran) – 14.76 million specimen and this corresponds to the analogue year (1999 – 13.8 million specimen). Commercial stock of stellate sturgeon in this area of the sea is estimated as 10.8 thousand tons and spawning part of population constitutes 2.83 thousand tons at share of mature fish of 18.2% and average weight – 6.4 kg. 

In the Iranian zone a trawl survey of sturgeons was conducted for the first time. Due to limited quantity of trawl catches, in that areas stellate sturgeon abundance was determined only for the survey area. Based on data available, it could be assessed as 3.2 million specimen which at weight of 5.77 kg would constitute 18.5 thousand tons including commercial stock of 13.1 thousand tons, and spawning stock would constitute 0.88 thousand tons at weight of 5.77 kg and share of mature fish as of 6.7%.    

Conclusions 

The state of sturgeon stocks in the Caspian Sea is determined by a complicated complex of natural and anthropogenic factors affecting them in different directions.  Out of the first group the most important are the volume of freshwater discharge, level of the sea
, state of food base and effectiveness of natural reproduction; out of the second group – damming, regulation of fishing, artificial reproduction, pollution, oil and gas development. During the last ten years another strong factor appeared  - illegal sea fishing and it led to a further sharp decline of sturgeon stocks and catches despite the favorable conditions for their reproduction and feeding.
 

Formation of commercial sturgeon stocks in the Caspian Sea depends on natural and artificial reproduction. The results of the Caspian Marine Expedition show that distribution of sturgeons at sea did not significantly change. The main feeding areas are in the Northern Caspian, in western part of the Middle Caspian and in eastern and southern parts of the Southern Caspian. At the same time, significant changes happened in distribution of fish related to specific parts of the sea and certain sturgeon species. Beluga occurred only in the Northern Caspian. Russian sturgeon was not abundant in eastern shallow parts of the Middle Caspian. Persian sturgeon inhabited large area along western, eastern and southern coasts of the Middle and Southern Caspian. The sturgeon highest concentrations were noted in coastal waters in Iran and on shelf of the Southern Caspian in Turkmenistan.

On feeding grounds in the Northern Caspian out of all sturgeon species the most abundant in trawl catches was Russian sturgeon, the second was stellate sturtgeon. In the Southern Caspian, Persian sturgeon prevailed (64.8%). Ship did not occur in the catches, which indicates its low abundance at sea and poor enhancement of commercial stock in recent years. 

In the northern part of the sea beluga feeds at depths from 2.1 down to 13m, at water transparency from 0.1 to 7 m, Russian sturgeon – 2.5-11.0 m and 0.5-6.0 m, stellate sturgeon – 2.1-11.0 and 0.1-3.0 m respectively. In the Middle Caspian Russsian sturgeon occurred at 22.1-24.0 m depth, in the Southern Caspian – 33.1-37.0 m, stellate sturgeon dwelled at depths from 20 to 40 m, at temperature ranging between 19 and 290C.  

Uneven distribution of sturgeons on feeding grounds in the Caspian Sea is affected more by depth of water and food distribution rather than by water temperature and salinity.

In general for the entire Caspian Sea, the share of immature beluga constituted 85.2%. Average indices of length and weight increased from 133.1 (2000) to 140.9 cm and from 21 to 23.3 kg respectively. 

In the Northern Caspian adult population of Russian sturgeon dominated  (73.9%); in the Middle and Southern Caspian – juveniles and under-sized specimen prevailed (66.7%). Average weight of Russian sturgeon in the Northern Caspian was 7.3 kg, length – 101.1 cm, in the Southern Caspian – 4.6 kg and 76.9 cm.  In population of stellate sturgeon the share of immature fish for the entire sea constituted 33.3-35.8%. The indices of qualitative composition of stellate sturgeon in the Northern and Southern Caspian are very similar: length – 106.1 and 98.7 cm, weight – 5.0 and 4.44 kg respectively. 

In coastal waters of Iran, Persian sturgeon population was represented by immature fish only. Average length constituted 52.2 cm, weight – 1.23 kg. 

Long-term research conducted by KaspNIRH shows that for the last 4 years (1998-2001) a trend towards stabilization of sturgeon abundance in the Caspian Sea (without Iran) appeared. Sturgeon abundance is as follows: beluga - 9.35 million specimens, Russian sturgeon – 24.39 million specimens, stellate sturgeon – 14.76 million specimens. However, in qualitative terms the composition of sturgeon population declines by age and weight indices. Average weight of stellate sturgeon declined from 6.2 kg (1999) to 5.0 kg (2001), age - from 9.37 to 6.36 years; Russian sturgeon - from 7.7 kg to 7.26 kg and from 9.6 to 9.07 years. For the same period stellate sturgeon commercial stock declined from 57.7 to 33.0 thousand tons, Russian sturgeon – from 93.5 to 69.9 thousand tons. For the last 4 years commercial stock of spawning part of Russian sturgeon population was at the level of 1.1 thousand tons (1998) and 0.87 thousand tons (2001); for stellate sturgeon increase of biomass of mature fish was noted from 1.0 to 3.76 thousand tons respectively. Commercial stock of spawning part of beluga population, according to expert assessment, constitutes 0.262 thousand tons. In accordance with multi-annual data, spawning populations of sturgeons migrating to rivers constituted 8-10% of commercial stock, in 1998-2001 this value decreased by various species down to 0.3-4.9%.  

At present, the state of sturgeon stocks in the sea should be considered stressed and close to minimum. The main reason of sturgeon stock decline is poaching both at sea and in rivers thriving after collapse of the Soviet Union and establishment of independent Caspian states. If negative factors, as uncontrolled fishing for sturgeons, decline of natural and artificial reproduction and deterioration of general ecological situation in the water body, still remain then in the nearest future the valuable relict species of sturgeons in the Caspian Sea will be lost. 

Measures that need to be taken to safe sturgeons are a matter of policy and the results of the expedition point to an urgent need towards decisive policy changes. 

The timing of the expedition – late summer – found most of the sturgeons in the more northerly parts of the Caspian, in line with known migration patterns. In order to obtain a more balanced picture, notably of distribution of sturgeons,  at least two expeditions are essential. A winter expedition should be mounted in the beginning of 2002 and data obtained by both the 2001 survey and the winter survey of 2002 should be analyzed together.
 

6. Physiological state of sturgeons

The first reaction of sturgeons to environment pollution became apparent in the early 80-s in breeders migrating for spawning as a partial change of their physio-biochemical status unconnected with sex cycle and in fish at sea as a decline of glycogen content in liver and hemoglobin concentration in blood. Integral expression of changes starting in physiological status of sturgeons became a periodically appearing phenomenon of egg membrane weakening and degenerative changes in eggs of some females. At the population level the first reaction was undistinguished as that related to a small number of specimens and caused insignificant changes in physio-biochemical parameters 

The strong influence of new ecological conditions became evident in the second half of the 80-s when a phenomenon of muscular tissue “delamination” and egg membrane weakening appeared in sturgeons as a result of toxicosis, in particular, of hepatotoxic hypoxia (Geraskin, 1989) that is characterized by important disturbances both at the functional and morphological levels. Toxicosis of sturgeons then turned chronical with exacerbations in 1991 and 1992 and remissions in 1990 and 1993.  Since 1994, physiological state of sturgeons is characterized by unstable functioning of physiological systems (unsteady functional balance), i.e. variability between relative norm and deviations in physiological systems observed at toxicosis exacerbation but not reaching their level. At that, both inter-annual and seasonal variations were noted in physio-biochemical and morpho-functional indices. Further monitoring of physiological state of sturgeons envisaged studying indices of physiological systems changing under conditions of continuous chronical intoxication of sturgeons. 

Assessment of physiological state of sturgeons was conducted previously according to polyfunctional principle, i.e. the state of physiological systems was assessed by a number of indices of methodology elaborated to make such assessments (Geraskin, 1991, 1994, 1997). The following physiological systems were researched: regulatory-homeostatic, respiratory, defense, as well as morpho-functional state of liver and gonads. In addition, the level of lipid peroxidation (LPO) was researched as an indicator of adverse impact of environmental factors on fish. 

Efficacy of the regulatory-homeostatic system was assessed by the level of proteometabolism, carbohydrates and lipids, protein concentration, (-lipoprotein, cholesterol in blood as well as glycogen content in liver. 

Efficiency of defense function of sturgeons was determined based on total antioxidant activity (AOA) taking into account the speed of lipid peroxidation in liver and muscles. 

The state of respiratory system was assessed by hemoglobin content in blood and morpho-functional state of gills. 

Morpho-functional state of liver and gonads was assessed as well. Physio-biochemical and histophysiological indices were determined using standard methods of research 

The speed of lipid peroxidation (LPO rate) was determined by a method based on reaction of final product of lipid peroxidation – malonic dialdehyde with thiobarbituric acid (Stroev, Makarova, 1986). Antioxidant activity (AOA) was revealed in homogenates of muscles and liver using yolk lipoproteins (Klebanov et al, 1988).  

Crude protein was determined through refractometric analysis (Filippovich et al, 1982), content of (-lipoproteins – by the method of Burshtein and Samai (Todorov, 1993), total cholesterol – through direct method after Ilk (Menshikov, 1987), total hemoglobin – through colorimetric analysis according to  the method of Kushakovski (1968). 

For determination of glycogen content in liver the former was precipitated and purified following the Brandt method (Brandt, 1936) and analysis was completed by reaction with anthrone reagent (Seift et al, 1950).

For histologic analysis samples of fish organs and tissue were treated by a series of alcohol of increasing strength with further immersion into celloidin-paraffin blocks. Cuts of 5-7 mm thick were colored by azocarmine with additional coloring according to Mallory method, by fuchsin and hematoxylin or by hematoxylin-eosin according to Romeis method (1953) or Merkulav (1969). Abnormalities of gonado- and gametogenesis were assessed by the method of T.I. Faleeva (1965) and N.N. Sheveleva, A.A. Romanov (1989), disturbances in liver morphology by the method of L.A. Lesnikov and I.D. Chinareva (1987).   The state of gill epithelium was assessed in points according to severity of changes: 2 points – light changes, 3 points – medium changes, 4 points – severe disturbance. To characterize them the scale elaborated by L.A. Lesnikov and I.D. Chinareva (1987) was used.

Processing of material on differentiation of sturgeons was conducted using a standard method of analysis of antigen composition of serum protein – reaction of double immuno-diffusion in agar gel. Antiserum was received from rabbits through immunizing them by first small and then increasing dose of protein with Freund’s adjuvant according to method elaborated by us (Perevarukha, 1996), after 3-4- immunizations from 2-4 rabbits for every species or population. Blood was taken from live rabbits from ear edge vein – 40-50 ml every time. 

Whether a fish belongs to a given population was determined with the help of serologic test-systems of particular specificity obtained through absorption of antiserums (Karataeva, 1977; Lukyanenko, 1971; Lukyanenko, Karataeva, Kamshilin, 1988). The double immuno-diffusion was put into 1.0% agar “Difko USA” prepared using 0.9% sodium chloride solution (Gusev, 1968; Khramkova, 1968).

Samples for biochemical, histological and immunochemical analysis were taken from fish caught during summer traditional trawl survey conducted for assessment of sturgeon stocks in the Caspian Sea. Samples for study of physiological state of fish were taken from fish with gonads being at the II stage of maturation. 

Samples of blood were taken to obtain serum preparations for biochemical and immunochemical analysis, whole blood stabilized by heparin - for hematological investigations, and samples of muscles and liver as well. Hemoglobin and (-lipoproteins content in blood was determined within 24 hours of catch, on board the vessel. The remaining samples were frozen and kept until processing at 240C temperature. Samples of liver and gonads were taken and put into Buen’s liquid for histological analysis 

Totally, samples of organs and tissues were taken for histological analysis from 19 sturgeons including 5 males and 5 females of Russian sturgeon, 3 males and 5 females of stellate sturgeon and 1 male of beluga. Samples from 24 sturgeons including 8 Russian sturgeons, 12 stellate sturgeons and 4 belugas were taken for biochemical analysis.  

6.1. Level of stress load and state of defense system of sturgeons during their life at sea 

At present, aquatic environment undergoes a massive anthropogenic pressure leading to the formation of a high content of matter dangerous to normal vital function of hydrobionts. Resistance of aquatic organisms to stress depends greatly on a balanced functioning of their defense system. Injuries due to both physical and chemical impact of environment on animal organisms entail always increase of the lipid peroxidation rate (Chernyshev, Telichenko, 1973; Koteltsev, Stvolinski, Beim, 1986). In other words, increase of lipid peroxidation rate, especially in liver, is fully reliable indicator of negative influence on fish.of environmental factors. 

Under normal conditions, antioxidant system functions in such a way that the degree of its activity corresponds to the lipid peroxidation rate. Decrease of its activity shows that defense system is weakened and in some cases, at very low rate, a break in functioning of this system. 

Research of lipid peroxidation rate, as an indicator of stress load on fish organism, showed that in general their rate in sturgeon muscles and liver is not high (table 6.1) and may be considered either low (less that 50 nmole/h) or moderate (more than 50 but less that 100 nmole/h).  In muscles of Russian sturgeon (males and females) the intensity of enzyme-dependant spontaneous peroxidation (SpLPO) was approximately the same – about 8 nmole/h. in liver – by 6-8 times higher, at that in females it was 48 and in males 69 nmole/h. The rate of this reaction going in ascorbate-dependant (AsLPO) way, were 5-7-fold higher in muscles than in enzyme-dependent way, and by 30-35% higher in liver. In addition, in 40% of fish examined, higher rates (over 100 nmole/h) of lipid peroxidation reaction were noted both in ascorbate-dependant and enzyme-dependant ways. At that, dispersion of individual values was rather high – from 18.7 to 172.6 nmole/h. Accordingly, accumulation of malonic dialdehyde (MDA), the final product of lipid peroxidation in liver, was higher – 14.6 nmole in females and 10.24 in males against aproximately 1.3 nmole in muscles of both sexes. At that, the total anti-oxidant activity (AOA) was moderate: in muscles – 10.6% of ionol activity in females and about 19.6% in males, in liver – 16.0% and 17.0% respectively. 

Table 6.1

Parameters of lipid peroxidation and anti-oxidant activity in Russian sturgeon – summer 2001

	Sex, stage of gonad maturation
	Statistical values
	А О А, %
	SpLPO, nmole/hour
	AsLPO, nmole/hour
	MDA, nmole

	
	
	muscles
	liver
	muscles
	liver
	muscles
	Liver
	muscles
	Liver

	♀II
	Мav.
	10.56
	19.62
	7.63
	48.07
	39.80
	61.93
	1.30
	14.60

	
	Σ
	6.03
	2.25
	3.74
	49.14
	10.38
	79.82
	0.52
	11.28

	
	Υ
	57.12
	11.48
	49.04
	102.2
	26.08
	128.89
	40.05
	77.24

	
	M
	3.48
	1.30
	2.16
	28.37
	5.99
	46.08
	0.30
	6.51

	
	N
	3
	3
	3
	3
	3
	3
	3
	3

	♂II
	Мav.
	15.95
	17.02
	7.96
	69.31
	52.99
	93.89
	1.35
	10.24

	
	Σ
	3.81
	2.95
	2.75
	45.04
	15.12
	60.19
	0.41
	6.69

	
	Υ
	23.88
	17.34
	34.58
	64.98
	28.54
	64.11
	30.36
	65.27

	
	M
	1.44
	1.12
	1.04
	17.02
	5.72
	22.75
	0.16
	2.53

	
	N
	7
	7
	7
	7
	7
	7
	7
	7


Stellate sturgeons as a rule are notable for “stormy” reaction to stress-factor in comparison to Russian sturgeons. In case of LPO rate, they practically did not differ from Russian sturgeons (table 6.2). At that, no differences among sexes were noted. In muscles SpLPO rates averaged about 7-9 nmole/hour, in liver – about 41. Intensity of AsLPO amounted to 42-43 and 61-65 nmole/hour respectively. In addition, the share of fish with high LPO rates in liver of stellate sturgeons was less than that of Russian sturgeon. The number of stellate sturgeons with high AsLPO rate was almost twice higher, i.e. approximately 21%. Very few fish (10%) had high intensity of SpLPO.  At that, accumulation of MDA was similar to the Russian sturgeon, i.e. about 1.5 nmole, while in liver of stellate sturgeons its content was by 1.6-2.4-fold less. Comparing anti-oxidant activity of Russian and stellate sturgeons there was no big difference between them: 10-13% of ionol activity in muscles and 13-14% in liver. 

Table 6.2

Parameters of lipid peroxidation and anti-oxidant activity of stellate sturgeon – summer 2001

	Sex, stage of gonad maturation
	Statistical values
	А О А, %
	SpLPO, nmole/hour
	AsLPO, nmole/hour
	MDA, nmole

	
	
	muscles
	liver
	muscles
	liver
	muscles
	liver
	Muscles
	Liver

	♀II
	Мav.
	10.07
	14.11
	8.97
	40.56
	43.49
	65.39
	1.67
	5.98

	
	Σ
	4.79
	6.76
	3.74
	23.52
	8.47
	43.70
	0.79
	4.02

	
	Υ
	47.52
	47.92
	41.7
	57.98
	19.47
	66.84
	46.92
	67.12

	
	M
	1.28
	1.81
	1.04
	6.29
	2.26
	11.68
	0.21
	1.07

	
	N
	14
	14
	14
	14
	14
	14
	14
	14

	♂II I
	Мav.
	13.38
	13.31
	6.87
	41.02
	41.55
	60.57
	1.42
	6.47

	
	Σ
	8.94
	6.56
	2.63
	38.19
	13.95
	61.75
	0.49
	6.18

	
	Υ
	66.82
	49.31
	38.30
	93.1
	33.59
	101.96
	34.55
	95.49

	
	M
	4.0
	2.93
	1.18
	17.08
	6.24
	27.62
	0.22
	2.76

	
	N
	5
	5
	5
	5
	5
	5
	5
	5


In beluga specimens examined there were no fish with high LPO rates (table 6.3). Only one male revealed a moderate intensity of this reaction both by SpLPO and AsLPO. 

On average, AsLPO rates in muscles and liver of females constituted 45 and 30 nmole respectively, and of males – 8 and 56 nmole. Enzyme-dependent LPO rate in muscles of females and males was very low – 6-7 nmole and in liver – higher in males – 40.2 nmol and lower in females – 21.2 nmole. Content of MDA was not notable for high values – in muscles – about 1.5 nmole and in liver – 3-8 nmole. 

Characterizing total anti-oxidant activity, in the first instance its low content should be noted in muscles of beluga males (7.4%) and liver of females – (10.4%) while at the same time in liver of males and muscles of females it did not differ from those of other examined sturgeon species (13-15%). Comparing with the same period of last year, in 2001 increase of LPO rate was noted clearly, especially in liver of all examined sturgeon species.    

Table 6.3

Parameters of lipid peroxidation and anti-oxidant activity of beluga – summer 2001

	Sex, stage of gonad maturation
	Statistical values
	А О А, %
	SpLPO, nmole/hour
	AsLPO, nmole/hour
	MDA, nmole

	
	
	Muscles
	liver
	muscles
	liver
	muscles
	liver
	Muscles
	Liver

	♀II
	Мav.
	13.12
	10.42
	6.24
	21.18
	44.92
	28.32
	1.67
	3.21

	
	Σ
	4.95
	7.77
	2.41
	9.58
	14.67
	15.09
	1.27
	1.29

	
	Υ
	37.72
	74.61
	38.65
	45.23
	32.67
	53.28
	76.01
	40.12

	
	M
	2.47
	3.89
	1.21
	4.79
	7.34
	7.54
	0.64
	0.64

	
	N
	4
	4
	4
	4
	4
	4
	4
	4

	♂II
	Мav.
	7.36
	15.47
	7.38
	40.17
	7.63
	56.41
	1.41
	7.99

	
	Σ
	0.21
	3.61
	0.88
	45.71
	4.53
	57.81
	0.55
	9.79

	
	Υ
	2.88
	23.36
	11.98
	113.8
	59.44
	102.5
	39.12
	122.5

	
	M
	0.15
	2.56
	0.63
	32.32
	3.21
	40.88
	0.39
	6.92

	
	N
	2
	2
	2
	2
	2
	2
	2
	2


In summer 2001, LPO rates, both by enzyme-dependent and ascorbate-dependent ways, of Russian sturgeon, stellate sturgeon and beluga were less than 50 nmole/hour, i.e. are considered low (tables 6.4, 6.5, 6.6). Particularly evident AsLPO rate decrease was displayed in liver, where the rate declined by 1.5-2 times in examined fish. That shows that in summer 2001 the influence of negative environmental factors on sturgeons increased in comparison to the same period of 2000. At that, judging from LPO rate, stress-factor of moderate activity affected them for a rather long time. 

As a result, anti-oxidant activity declined almost twice in comparison to the pervious year. In 2000 its rate corresponded to 19-28% of ionol activity, and in summer 2001 it was 7-16% in muscles and 10-20% in liver.       

Table 6.4

Parameters of lipid peroxidation and anti-oxidant activity of Russian sturgeon – summer 2000

	Sex, stage of gonad maturation
	Statistical values
	А О А, %
	SpLPO, nmole/hour
	AsLPO, nmole/hour
	MDA, nmole

	
	
	muscles
	liver
	muscles
	liver
	muscles
	liver
	Muscles
	Liver

	♀II
	Мav.
	22.54
	25.96
	5.66
	24.19
	46.11
	37.3
	1.54
	4.18

	
	Σ
	11.1
	7.43
	4.40
	18.81
	19.85
	29.43
	0.96
	3.19

	
	Υ
	49.23
	28.64
	77.6
	77.76
	43.04
	78.9
	62.61
	76.25

	
	M
	2.48
	1.66
	1.01
	4.11
	4.33
	6.42
	0.21
	0.73

	
	N
	20
	20
	19
	21
	21
	21
	21
	19

	♂II
	Мav.
	26.04
	28.48
	6.40
	21.97
	41.05
	38.52
	1.45
	3.74

	
	Σ
	12.36
	8.25
	3.85
	13.57
	18.15
	26.34
	1.09
	2.16

	
	Υ
	47.45
	28.98
	60.11
	61.77
	44.21
	68.39
	75.39
	57.78

	
	M
	3.73
	2.49
	1.16
	4.09
	5.47
	7.94
	0.33
	0.65

	
	N
	11
	11
	11
	11
	11
	11
	11
	11


Table 6.5

Parameters of lipid peroxidation and anti-oxidant activity of stellate sturgeon – summer 2000

	Sex, stage of gonad maturation
	Statistical values
	А О А, %
	SpLPO, nmole/hour
	AsLPO, nmole/hour
	MDA, nmole

	
	
	Muscles
	liver
	muscles
	liver
	muscles
	liver
	Muscles
	Liver

	♂I-II
	Мav.
	18.93
	13.48
	6.99
	18.28
	48.57
	41.34
	1.11
	2.96

	
	Σ
	8.20
	9.62
	4.77
	8.10
	0.33
	17.86
	0.57
	1.25

	
	Υ
	43.33
	71.34
	68.33
	44.33
	0.68
	43.21
	5.10
	42.35

	
	M
	5.8
	6.80
	3.38
	5.73
	0.23
	12.63
	0.04
	0.89

	
	N
	2
	2
	2
	2
	2
	2
	2
	2


Table 6.6

Parameters of lipid peroxidation and anti-oxidant activity of beluga – summer 2000

	Sex, stage of gonad maturation
	Statistical values
	А О А, %
	SpLPO, nmole/hour
	AsLPO, nmole/hour
	MDA, nmole

	
	
	muscles
	liver
	muscles
	liver
	muscles
	liver
	Muscles
	Liver

	♀II
	Мav.
	22.09
	24.78
	5.81
	23.60
	39.28
	38.89
	1.72
	3.82

	
	Σ
	12.37
	8.22
	5.07
	26.31
	11.72
	44.64
	1.07
	3.83

	
	Υ
	56.01
	33.24
	87.42
	111.5
	29.85
	114.8
	62.45
	100.9

	
	M
	5.05
	3.36
	2.07
	11.76
	4.79
	19.96
	0.44
	1.56

	
	N
	6
	6
	6
	6
	6
	6
	6
	6

	♂II
	Мav.
	19.97
	21.86
	5.45
	5.34
	47.19
	20.98
	1.26
	2.36

	
	Σ
	9.85
	17.59
	3.64
	4.43
	12.08
	17.42
	3.37
	1.44

	
	Υ
	49.32
	80.44
	66.69
	83.10
	25.60
	83.02
	26.81
	61.11

	
	M
	4.92
	8.79
	1.82
	3.14
	6.04
	8.71
	0.17
	0.72

	
	N
	4
	4
	4
	4
	4 
	4
	4
	4


Thus, in summer 2001, we observed weakening of  sturgeon body defenses as a result of increasing influence of negative environmental factors.

That was reflected accordingly in parameters of the regulatory-homeostatic system. 

6.2. Assessment of the state of regulatory-homeostatic system 

Analysis of indices characterizing regulatory-homeostatic system indicates the presence of significant changes in functioning of its elements. 

Indices of carbohydrate metabolism, and notably change in glycogen content in liver, are of particular interest for the assessment of fish reaction. This polysaccharide is used as an energy substratum for providing fish organism with energy in various stress situations. 

A significant decline in glycogen content in liver was revealed earlier at studying the state of Russian sturgeon in the Northern Caspian in a period of worsening ecology in 1988-1989 in comparison to previous years (Shelukhin et al, 1989, 1990, 1991). The glycogen content noted in 1988-1989 could be considered as an index of adaptive reaction of Russian sturgeon to worsening ecological conditions. In summer 1990, glycogen concentration increased reflecting the reduction of stress from external adverse impact. In this respect, data shown in table 6.7 indicate that in subsequent years (1997 and 1998) carbohydrate reserves were at low level during summer feeding period in the Northern Caspian. A similar phenomenon was noted in summer 2001 and the glycogen content of Russian sturgeon was the lowest over the recent years. 

Glycogen content in liver of stellate sturgeon, unlike Russian sturgeon, was characterized by a relative stability and remained at a rather high level over the researched period except for the summer of 2001. 

Dynamics of glycogen content in beluga was similar to that of Russian sturgeon (table 6.7). Thus, a high glycogen content was noted in liver of this species in 1990 in comparison to 1988-1989. In following years including the summer of  2001, its level was close to the level typical for fish in 1988-1989. 

Table 6.7

Glicogen content in liver of sturgeons – the Northern Caspian, summer

	Period
	Russian sturgeon  (♀♂)
	Stellate sturgeon (♀♂)
	Beluga (♀♂)

	
	n
	М±m
	V, %
	n
	M±m
	V, %
	n
	M±m
	V, %

	1988-1989
	32
	2502±301
	68.0
	28
	3045±204
	34.9
	22
	2814±329
	53.6

	1997
	10
	2174±661
	91.2
	3
	3010±674
	31.7
	2
	4085±2065
	-

	1998
	13
	2183±381
	60.4
	13
	3114±475
	48.2
	-
	-
	-

	2001
	6
	1723±292
	41.6
	8
	2358±262
	31.4
	8
	2222±388
	49.4


Analysis of individual values of glycogen content in liver of sturgeons showed that the share of fish with very low content of this polysaccharide (less than 1000mg%) was rather large in 2001: 16% - for Russian sturgeon (in 1988-1989 it was 31%), for beluga – 25% (in 1988-1989 it was 18%). 

All that points to the intensive consumption of carbohydrate energy substratum in liver of part of Russian sturgeon and beluga stocks in July 2001 in the Northern Caspian.    

One of the most important indicators of functional state of organism, both within norm and under toxic impact of various matter, are changes in serum protein composition as well as concentration of the whole serum protein (WSP). In particular, it was determined that WSP concentration in Russian sturgeons declined significantly in 1988-1989, the years of worsened ecological conditions in the Caspian basin, in comparison to WSP concentrations of previous years (Shelukhin, 1989, 1990, 1991). Unidirectional changes took place in the protein system of blood of stellate sturgeon in the same periods of time, as is seen from table 6.8.  

By analogy with glycogen content in liver, the level of WSP in sturgeons noted in 1988-1989 could be considered a reflection of fish organism reaction to a complex of adverse external impacts. 

During1997-2000, WSP content declined in individual specimens of Russian sturgeon and stellate sturgeon down to 10-12 g/l. At random sampling, WSP concentration in 1997-2000 was 25.3 g/l for Russian sturgeon (level of 1988-1989), and 30.8 g/l for stellate sturgeon. 

In summer of 2001, WSP level of Russian sturgeon (table 6.8) could be assessed as normal. There were no Russian sturgeon specimens with very low WSP level in analyzed samples. 

Table 6.8

Content of whole serum protein in sturgeons – the Northern Caspian, summer

	Period
	Russian sturgeon  (♀♂)
	Stellate sturgeon (♀♂)
	Beluga (♀♂)

	
	n
	М±m
	V,%
	n
	M±m
	V,%
	n
	M±m
	V,%

	1988-1989
	27
	28.0±1.6
	30.7
	17
	24.7±1.7
	28.3
	10
	23.0±1.8
	23.3

	1997
	12
	26.0±1.8
	22.9
	3
	40.9±4.1
	14.2
	3
	16.6±4.3
	36.1

	1999
	8
	34.0±2.3
	17.9
	-
	-
	-
	5
	18.2±1.5
	19.0

	2000
	16
	28.0±2.1
	29.8
	6
	30.1±4.4
	32.7
	6
	19.4±2.3
	28.7

	2001
	8
	33.5±7.8
	20.1
	12
	24.8±1.5
	21.8
	4
	14.7±2.3
	30.8


In July 2001, the WSP concentration in stellate sturgeons decreased significantly – down to the level of 1988-1989 (table 6.8), and number of fish with WSP deviating from estimated norm constituted 25% of total number of researched fish. 

Stable low levels of WSP in beluga were noted in recent years (table 6.8). However, even with such an adverse background reflecting a sharp decline of serum protein passing through the blood system, the state of proteometabolism in those sturgeon species worsened noticeably in July 2001. 

In general for July 2001, the system of transporting serum protein by blood in stellate sturgeon and beluga functioned in a stress regime. 

Due to the fact that many chemical agents in the sea have a hepatotrophic effect, changes in (-lipoprotein and cholesterol content in blood depend greatly on the liver condition and its ability to maintain the necessary level of metabolites of lipid nature transported by blood. 

Data characterizing long-term variability of serum (-lipoprotein level are shown in table 6.9.

It was determined that in summer 2001, (-lipoprotein content in blood of all Russian sturgeons, stellate sturgeons and belugas was normal. Data on stellate sturgeon and beluga indicate the satisfactory state of transport of lipids as components of serum (-lipoproteins, similar to that of previous years (1997-2000). In this respect, stability of good physiological state concerning metabolism of lipids transported by (-lipoproteins is not so evident for Russian sturgeon. During 1997-2000 in the population of Russian sturgeon there were fish with abnormally low concentrations (less than 10 mg/dl) of (-lipoproteins in blood. In general, for Russian sturgeon, the average multi-annual (-lipoprotein concentration level constituted only 172 mg/dl for 1997-2000, i.e. corresponded to unsatisfactory physiological state, characteristic of Russian sturgeon in 1988-1989.  

Table 6.9

Content of serum (-lipoproteins in sturgeons – the Northern Caspian, summer

	Period
	Russian sturgeon  (♀♂)
	Stellate sturgeon (♀♂)
	Beluga (♀♂)

	
	n
	М±m
	V,%
	n
	M±m
	V,%
	n
	M±m
	V,%

	1988-1989
	27
	175±12.3
	35.9
	17
	181±14.5
	32.6
	10
	166±14.6
	26.3

	1997
	12
	211±14
	22.0
	3
	322±37
	16.2
	-
	-
	-

	1999
	8
	251±21.5
	22.6
	3
	267±18
	9.5
	5
	248±37.6
	33.9

	2000
	16
	173±18.8
	43.5
	6
	394±76
	43.1
	-
	-
	-

	2001
	6
	325±24.2
	18.3
	12
	373±33.6
	31.2
	4
	232±33
	28.3


Worsening of physiological state of sturgeons as a result of toxic impact, as it was in 1988-1989, could lead to evident reduction of serum cholesterol concentration (Shelukhin, 1989, 1990, 1991). That was confirmed in the analysis of the character of individual variability of this parameter’s values (table 6.10) 

Table 6.10

Content of whole cholesterol in blood serum of sturgeons – 

the Northern Caspian, summer

	Period
	Russian sturgeon  (♀♂)
	Stellate sturgeon (♀♂)
	Beluga (♀♂)

	
	n
	М±m
	V,%
	n
	M±m
	V,%
	n
	M±m
	V,%

	1988-1989
	27
	43.3±7.6
	38.8
	15
	123±16.8
	51.2
	8
	111±17.4
	41.4

	1997
	10
	72±8.0
	33.3
	3
	147±16.6
	16.0
	3
	77.6±11.4
	20.8

	1999
	8
	71±8.2
	30.5
	3
	96±12
	17.7
	5
	129.6±16
	27.6

	2001
	6
	96±17.6
	36.8
	11
	111±8.8
	26.5
	4
	57±9.5
	33.3


As the range of individual variability of cholesterol content (CC) is rather large – from 20 mg/dl to 360 mg/dl, average values, as it turned out, do not always reflect the true situation with cholesterol metabolism. Therefore, while analyzing materials obtained in analysis the emphasis was put on such a characteristic as the number of fish with deviation from the range of normal variability toward decline of whole serum CC (the state of hypocholesterinemia). 

In 1988-1989, occurrence of fish with abnormal low CC level for summer period constituted 46% for Russian sturgeon. The other species did not reveal such a mass decline of CC concentration. Occurrence of stellate sturgeons with signs of hypocholesterinemia constituted 7% and beluga – 12% for that period. In the following years occurrence of fish with abnormal low levels were noted most often also in Russian sturgeon. In 1997-2000, the quantity of such fish in the researched area of the Northern Caspian constituted 14% for Russian sturgeon, 2% for stellate sturgeon and 6.6% for beluga.

In summer 2001, low level of CC concentration was noted in beluga only (12%) and were not found in Russian and stellate sturgeons.  

6.3. The state of respiratory system of sturgeons

Hemoglobin (Hb) concentration in blood, as one of system elements to provide organism with oxygen, is also a very important indicator of physiological state of the organism. 

Data in table 6.11 show that minimal Hb concentrations in Russian sturgeon were found in 1988-1989 and in 1997/2000, in stellate sturgeon and beluga – only in 1988-1989. Abnormal low Hb concentrations in 1997-2000 were noted in 24% of Russian sturgeons, 17% of stellate sturgeons and 23% of beluga. 

Table 6.11

Hemoglobin concentrations in blood of sturgeons – 

Northern Caspian, summer

	Period
	Russian sturgeon  (♀♂)
	Stellate sturgeon (♀♂)
	Beluga (♀♂)

	
	n
	М±m
	V, %
	n
	M±m
	V, %
	n
	M±m
	V, %

	1988-1989
	29
	51.5±2.7
	27.7
	28
	51.5±2.6
	26.8
	25
	48.8±2.7
	27.3

	1997
	8
	58±3.1
	14.1
	4
	74.2±7.5
	17.7
	3
	68±10
	20.8

	1999
	16
	67±6.1
	35.2
	4
	59.2±4.2
	12.2
	11
	59±4.1
	15.5


	2000
	12
	53±3.2
	20.0
	8
	62±8.2
	34.9
	-
	-
	-

	2001
	12
	80.6±5.6
	24.1
	17
	87.2±6.2
	29.2
	8
	69±5.4
	22.3


In July 2001, occurrence of fish with low Hb content declined to minimum for all sturgeon species. At the same time, at the background of decreasing share of fish with low Hb content in blood, frequency of occurrence of fish with high Hb concentrations in blood untypical for marine period of sturgeon life have increased. Proportion of such fish in total analyzed material constituted: 40% for Russian sturgeon, 31% for stellate sturgeon and 12% for beluga. This phenomenon is considered a normal adaptive reaction of organism to increased stress in functioning of the system providing tissues with oxygen, as a result of various disturbances of morpho-functional state of gills.

As an organ contacting with environment, gills reacts sensitively to its influence and are easily injured by even small concentrations of matter in the water (Andronnikov et al, 1987; Matei, 1988; Matei, 1990).   

Our observations over a number of years (1996-2001) show that gills of Russian sturgeon, stellate sturgeon and beluga have changed regardless of sex, maturation stage and species. Analyzing the state of gill epithelium of sturgeons by degree of severity of changes (according to the scale of L.A. Lesnikov and I.D.Chinareva, 1987), it could be noted that in annual samples the share of fish with light changes is not large. In summer 2000 in the Northern Caspian, the quantity of such fish constituted 9%. However, in samples of summer 2001 such fish were absent at all. In that period changes observed were mostly characterized as injuries of moderate severity and close to heavy.

Analysis of gill histological structure of sturgeons revealed a number of serious disturbances one of which is hypertrophy and significant deformation of part of filaments with extended distal parts often merged with each other.  

Such transformations in gills are usually related to morphofuctional adaptation of a given organism to the change in the environment, ion composition, and are aimed at weakening the direct impact of toxicants (Matei, 1990). In this respect, appearance of significant quantity of hyperemic mucous cells was noted both in filament epithelium composition and in respiratory epithelium. 

Mucous coating of gills protects fish organism from toxic impact, however, on the other hand, due to increased mucous secretion the surface area of gas exchange reduces and that is one of the reasons of hypoxia.   

As is known, normal blood circulation is a necessary condition for vital activity for the whole organism and individual organs and tissues (Yarygin, Serov, 1977). Histological analysis of the state of gill epithelium of sturgeons in the Northern Caspian revealed vascular disturbances of various types in gills of all sturgeons expressed in an uneven dilatation of vascular filaments and capillaries of lamellas, appearance of stasis as well as disruptions causing haemorrhage. Disturbances of hemodynamics noted in gills caused by adverse impact of environmental factors reduce efficiency of the given organ worsening the general state of organism.   

Along with vascular changes, increased proliferative processes developed as a hyperplasia of both osmoregulatory and respiratory epithelium. .  Their growth has various sizes and shapes with filament epithelium hyperplasia prevailing. It should be noted that one part of filament is often deformed while the other remains in a shape close to original. However, development of proliferative processes leads to appearance in sturgeon gills of filaments transformed into continuous epithelium growth and full absence of respiratory lamellae very often also with large quantity of mucous cells. The year of 2001 is not an exception. 

Development of such phenomenon reduces gas exchange and, in our opinion, favors development of hypoxia. 

In some cases, morphological changes in gills become irreversible. That results in both destruction of cells and appearance of necrosis focuses in gill epithelium. 

Thus, the results of survey of 2001 indicate that the state of gill epithelium of sturgeons in the Northern Caspian is still under stress. By most indices the results obtained are very close to those of the similar season of 1998. 

Morpho-functional changes in gills show the adverse impact of environmental factors on this organ. 

6.4. Morpho-functional state of liver

Research of liver is needed for its detoxication function because toxicants entering organism with food and water directly influence its morpho-fuctional state. 

In sturgeons caught in the Northern Caspian in summer 2001, disturbances revealed in liver morphological structure were moderate. In general, for three species the average level of liver pathology was assessed as 2.95 points. The most frequent disturbances of morpho-functional state of liver were as follows: protein and adipose tissue dystrophy, disturbance of pigment metabolism, monocellular necrosis, periportal and portal fibrosis.  

Severe pathology as a massive growth of conjunctive tissue and necrosis focuses was revealed in 5% of fish. The character of pathological changes in liver of most examined specimens was moderate (47%) and in-between low and moderate (16%). The remaining specimens, approximately 32% were characterized by pathology between moderate and severe. Differences in levels of liver pathological changes depending on sex and species were not observed in most cases.   

The general trend of multi-annual dynamics of hepatopancreas destruction of all three sturgeon species is characterized by smooth rise of this index from 1991 to 1995 (Altufyev et al, 1999), then stabilization and even improvement of this organ condition. However, in recent years, severity of liver disturbances increases. Appearance of specimens with severe liver pathology confirms that. At present, only single specimens occur having this organ in a normal state, as those of them that are conditionally taken as a norm as a rule are characterized by repair processes.  

6.4. Morpho-functional state of gonads
Research of sex glands of sturgeon females and males showed that all specimens had either II or II fatty stage of maturation and 1 stellate sturgeon male – IV unfinished gonad stage (GMS). 

The main index of abnormality in oocyte development during protoplasmic growth was pathological changes of the state of nucleus (karyopycnosis). In 1995-2000 at relatively frequent occurrence of females (60-70%), the number of oocytes with this disturbance did not exceed 3-5% on average with individual indices from 1 to 15-20%. In 2001, karyopycnosis was noted only in one female of Russian sturgeon and one female of stellate sturgeon and at that proportion of such oocytes constituted 4 and 14% respectively. Absence of any other disturbances in oocyte condition of sturgeon females indicates a significant decrease of irreversible morpho-functional disturbances in development of sex cells, especially in females at the II GMS. Good example of that was the earlier noted fragmentation of cytoplasm in oocytes. This type of abnormality was most frequent in females in the late 80s – early 90s. Then the number of specimens with such oocytes decreased significantly. In 1996, cytoplasm fragmentation was found in oocytes again showing worsening of habitat conditions and exacerbation of chronic intoxication (Altufyev et al, 1999). By 1999 occurrence of females with such abnormality increased to 16% for Russian sturgeon and to 3% for stellate sturgeon at proportion of such oocytes of 11% and 8% respectively which corresponded to the level of pathology revealed in females in 1987-1988. 

In 2000, the number of oocytes with fragmentated cytoplasm and subsequent necrosis declined to 0.5-0.8% and in 2001 they were not noted at all. At present, other abnormalities such as deformed membrane, exfoliation of yolk granules, change in oocyte color, etc., occur rarer in females and the share of such oocytes is also lower. The ratio of females with normal state of sex cells to females having some abnormalities in development is characterized by increased number of the former. It was especially evident in 2000: Russian sturgeon – 55.3 and 44.7%; stellate sturgeon – 36.7 and 43.3%; beluga – 52.1 and 47.9%. 

 Disturbances in spermatogenesis of males during the marine period of life, especially at the II GMS, were not noted earlier. Mostly, pathology in gonad development occurred in specimens at the III and IV GMS during their stay in river. However, in 2001, a part of males at the II GMS had focused and spotty hemorrhages in inter-canal spaces. Besides, the transformation of fat that covered not the whole but some parts of gonads occurred, and sperm canals were partly replaced by fatty tissue. Despite pathological abnormalities in testes, in 2001 no specimens were noted with oocyte morphosis, muscle tissue in testes or ovaries, swelling, tumors or other new growth. 

Thus, physiological state of sturgeons in general could be assessed as satisfactory. At that, unstable functioning of physiological systems as a result of chronic toxicosis is still typical for sturgeons. Insignificant abnormalities were noted in organs that come into contact with negative environmental factors (gills), or carry out detoxicating functions (liver). In reproductive system abnormalities revealed are inessential and cannot impact on the reproductive function of sturgeons.     

6.6. Ratio of stellate sturgeon and beluga populations of the Volga and Ural origin, as well as of Persian and Russian sturgeons. 

The second half of research was carried out based on the analysis of antigenic composition of serum protein through extraction of antigenic components typical for a certain sturgeon species or population and differentiation was made by those components between Russian and Persian sturgeons, as well as between stellate sturgeons and beluga of the Volga and Ural origin out of the total quantity of these species.

Serum preparations analyzed were obtained from 76 specimens among which 52.6% were Russian sturgeons, 34.2% of stellate sturgeons and 13.2% of beluga (table 6.12).

Table 6.12

Volume and percentage ratio of collected material.

	Total fish, specimens
	Percentage ratio

	
	Russian sturgeon
	Stellate sturgeon
	Beluga

	76
	52.6
	34.2
	13.2


As it is known, in the Caspian Sea there are two close species – Russian sturgeon (Acipensеr gueldenstaedtii Brandt) and Persian sturgeon (Ac. persicus Borodin) which have very similar morphological features but essential biological differences (Kazancheev, 1981). Analysis of antigenic composition of serum proteins in sturgeon caught in the Northern Caspian showed that in the samples obtained Russian sturgeon constituted approximately 88.0% and Persian sturgeon constituted about 12 % (table 6.13). In other words, out of every 10 sturgeons caught at sea, 9 specimens belong to Russian sturgeon and only one is Persian sturgeon. 

Table 6.13

Ratio of Russian and Persian sturgeons, %

	Year
	Russian sturgeon
	Persian sturgeon

	1998
	94.0
	6.0

	2001
	88.0
	12.0


Comparison of data obtained with data of 1998, the year when similar research was conducted for the last time, showed that for that period (1998-2001) the share of Persian sturgeon increased two-fold.  

Research by V.S. Lagunova (1979, 1984, 2001) shows that juveniles of the Volga population of Persian sturgeon annually occur in the Volga river. Abundance of juveniles is in direct correlative dependence on annual water flow and flood duration, and it increases continuously over the recent 20-year period. That is the result of fishing regime existing on the Volga with prolonged summer ban on fishing. Such a regime appeared to be very favorable for Persian sturgeon that is known as summer-spawning species and time of their spawning coincides with summer ban on fishing.  

Analysis of ratio of stellate sturgeon populations (Ac. stellatus Pallas) feeding in the Northern Caspian showed that about 54 % of fish are of the Volga origin and approximately 46 % are of the Ural origin (table 6.14). 

Table 6.14

Ratio of the Volga and Ural populations of the Caspian stellate sturgeons, %

	Year of research
	Volga population
	Ural population

	1998
	53.0
	47.0

	2001
	54.0
	46.0


Comparing data obtained with results of 1998, it is important to note that during the past period there were no significant changes in percentage ratio of those populations. In 1998, the share of fish of Volga population constituted approximately 53.0% of stock and of Ural sturgeon – about 47.0%. In our opinion, that is caused by the following reason. On the one hand, in the Volga there is a relatively high abundance of Volga stellate sturgeon owing to artificial reproduction, on the other hand, vast natural spawning grounds remained in the Ural River and continuous shallowing of its estuary still allows sturgeons to pass to their spawning ground. 

Analysis of antigenic components of serum proteins in Caspian beluga (Huso huso Linnaeus) showed that approximately 70.0% of fish from Volga population and about 30.0% of fish from Ural population feed in the Northern Caspian (table 6.15). 

Table 6.15

Ratio of Volga and Ural beluga populations,  %

	Years of research
	Volga population
	Ural population

	1998
	59.0
	41.0

	2001
	70.0
	30.0


In comparison to 1998, a certain increase in abundance of the Volga population is observed. In 1998, Volga beluga constituted only about 59.0% of the stock at sea. Accordingly, the share of Ural beluga decreased from about 41.0% in 1998 to 30.0% in 2001. 

In our opinion, such a ratio may be explained by the fact that a rather high level of artificial reproduction of Volga population is still maintained.  

Summarizing, the data obtained show that from 1998 to 2001 the following is observed in the sturgeon stock at sea:

· the share of Persian sturgeon of Volga origin increased approximately two-fold as a result of favorable regime of fishing with prolonged summer ban on fishing;

· ratio of Volga and Ural populations of stellate sturgeon practically did not change;

· the share of the Volga beluga population increased, primarily thanks to artificial reproduction, and share of Ural beluga decreased respectively.

7. Biomass, abundance and distribution of kilka and other pelagic fishes in the Middle and Southern Caspian

Biomass and abundance of kilka in the Middle and Southern Caspian was determined by hydroacoustic method using trawling for species identification. 

In the Middle and Southern Caspian, the survey was conducted in the entire area including Iranian zone (figure 1.4). During the cruise 54 trawls were done including 24 by pelagic trawl and 30 by bottom trawl. In total, 80 biological analyses and fish measurings were made. 

Material was collected for each of the three kilka species and it was representative for further analysis. The most comprehensive material collected was on anchovy-like kilka – the main species in marine fishing (table 7.1).

Table 7.1 

Quantity of biological material collected and processed

	
	Anchovy-like kilka
	Big-eye kilka
	Common kilka
	Total, all species

	Catches by pelagic trawl
	-
	-
	-
	24

	Catches by bottom trawl
	-
	-
	-
	30

	Measured and weighted fish, specimen
	2986
	673
	1956
	5615

	Fish taken for  full biological analysis, specimen
	1826
	436
	715
	2977

	Analysed by age, specimen
	606
	381
	306
	1293


7.1. General assessment of pelagic fish biomass using acoustic method

7.1.1. Biomass distribution

Based on the results of hydroacoustic survey using methods described in chapter 1, the map of pelagic fish distribution in the Middle and Southern Caspian was drawn (6.1). For better understanding of results 6 categories were distinguished characterizing distribution density (table 7.1.1). 

Table 7.1.1

Classified characteristics of biomass distribution density

	Categories
	Description
	Quantitative classifications

	
	
	Sa (m2/mile2)
	Density (t/mile2)

	1
	Very dispersed
	1-250
	0.12-30

	2
	Moderatly dispersed
	250-500
	30-60

	3
	Dispersed
	500-750
	60-90

	4
	Moderately dense
	750-1000
	90-120

	5
	Dense
	1000-1250
	120-150

	6
	Very dense
	1250-4000
	150-480


The densest concentrations were observed in the northwestern part of the Middle Caspian. In that area the highest average density was noted, measured in 5-mile distance (408 ton/mile2). Peculiarity of distribution of fish concentrations in the Middle Caspian is that more dense concentrations in the east are found at 20-40 nautical miles off the shore while in the west they are in coastal zone. 

In the Southern Caspian relatively low concentrations were observed in comparison to the Middle Caspian: density was from 30 to 60 ton/mile2 in most part of the area. Relatively high densities were noted In the Iranian shelf zone. 

7.1.2. Estimation of biomass

In order to extract the maximum of information out of data obtained the survey area was divided into sub-parts. For every sub-part the biomass of pelagic fish was calculated by the method described in chapter 1 of this report. Then, by summing the sub-parts the total biomass of pelagic fish was determined and it constituted 3.98 million tons within the total survey area of 53647 square nautical miles, according to preliminary estimations. According to trawl catches the most part of this biomass consists of kilka as the catch of other fish species (68% of trawls) mainly did not exceed 1% (table 7.1.2). 

Table 7.1.2.

Species composition of pelagic trawl catches - the Middle and Southern Caspian, August-September 2001

	Number of trawls
	Anchovy-like kilka, %
	Big-eye kilka, %
	Common kilka, %
	Other species, %

	1
	92.2
	7.3
	0.0
	0.5

	2
	91.0
	0.0
	2.8
	6.2

	3
	90.5
	6.0
	0.0
	3.5

	4
	100.0
	0.0
	0.0
	0.0

	5
	34.2
	65.0
	0.4
	0.4

	6
	22.8
	0.0
	76.1
	1.1

	7
	98.0
	0.0
	1.0
	1.0

	8
	68.2
	31.8
	0.0
	0.0

	9
	100.0
	0.0
	0.0
	0.0

	10
	0.0
	0.0
	70.2
	29.8

	11
	90.8
	0.0
	8.3
	0.9

	12
	45.9
	6.0
	45.3
	2.8

	13
	100.0
	0.0
	0.0
	0.0

	14
	1.8
	1.8
	94.0
	2.4

	15
	94.1
	0.9
	4.5
	0.5

	16
	73.5
	23.3
	0.0
	3.2

	17
	100.0
	0.0
	0.0
	0.0

	18
	73.3
	26.7
	0.0
	0.0

	19
	99.3
	0.0
	0.0
	0.7

	20
	70.6
	24.4
	3.6
	1.4

	21
	49.6
	48.0
	0.8
	1.6

	22
	84.4
	0.0
	2.5
	13.1


However, it should be noted that gear used in control trawl catches (trawl opening – 6 - 8-m vertically and 15-m horizontally, trawling velocity 3-4 knots) cannot be used for catching herring and mullet, therefore the share of other fish species in some areas could be higher than recorded. 

7.1.3. Description of sub-parts

Firstly, the Middle and Southern Caspian area was divided into two parts – shelf and deep-water. Total biomass of pelagic fish in the shelf zone was 2.28 million tons in the area surveyed of 30421 nautical miles2 and in deep zone – 1.7 million tons in an area of 23227 nautical miles2. That means that not less than 43% of total biomass is located in deep part of the sea and is not accessible for fishing due to technical reasons (impossibility to be at anchor to do fishing with light attraction). 

Both zones – shelf and deep-water – were divided into two sub-parts (table 7.1.3). Then, in deep zone two parts were distinguished: the northern (in table the number is 8) located in the Middle Caspian and southern (9) located in the Southern Caspian. It should be mentioned that in the northern part the average density (87 tons/mile2) is higher than in the Southern Caspian. In control catches three kilka species and silverside were noted. According to trawl survey, 70-80% of biomass of kilka in these areas consists of anchovy-like kilka, with the share of big-eyed kilka also high (20-30%). 

Table 7.1.3

Pelagic fish biomass in different parts of the Middle and Southern Caspian

	Number of the part
	Number of transects
	Biomass, thousand tons
	Area, mile2
	Density,

t/mile2

	1
	1-8
	428.03
	5850.00
	73.17

	2
	9-18
	532.7
	6793.41
	78.41

	3
	19-29
	218.8
	6161.71
	35.51

	4
	30-65
	192.6
	2863.10
	67.26

	5
	66-76
	78.3
	1541.11
	50.81

	6
	77-83
	116.6
	1462.22
	79.73

	7
	84-101
	714.3
	5749.33
	124.24

	8
	5 – 15, 76 – 92 и 101
	610.2
	7009.78
	87.05

	9
	20 – 30 and 39 – 75
	1089.4
	16216.57
	67.17

	Total
	
	3980.93
	53647.23
	


There were seven sub-parts distinguished in the shelf zone (numbered from 1 to 7 in table 7.1.4.). It appeared that in traditional kilka fishing parts located to the northwest (sub-part 5) and southeast (sub-part 3) of the Southern Caspian the lowest density amounted to 50 and 35.5 tons/mile2 respectively. It should be noted that common kilka prevailed in control catches only in the third sub-area (over 70%) but that was observed down to 50-m isobath, while below the 50-m isobath the largest share consisted of anchovy-like kilka (90%). 

The richest was sub-part 7 located in the north-west of the Middle Caspian (average density – 124 ton/mile2). Next by importance is sub-part 6 located in the southwest of the Middle Caspian (average density – 79.7 tons/mile2). In the south of this part fishing for kilka is conducted at present, however, higher concentrations were observed in the north.  According to control catches the largest share of biomass in that part consists of anchovy-like kilka (80%), insignificant share of common kilka and silverside present more than in other parts (over 13%). Relatively high average density (78 tons/mile2) was noted in sub-part 2 located in the south-east of the Middle Caspian, and denser concentrations were observed in the west of that part between 100 and 200 m isobath. In trawl catches anchovy-like kilka prevailed (over 90%) (table 7.1.4). 

Table 7.1.4

Biomass of kilka and other pelagic fishes – results of hydroacoustic survey

	№ of

the part
	Location of the part
	Biomass, thousand tons
	Anchovy kilka, thousand tons
	Big-eye kilka, thousand tons
	Common kilka, thousand tons
	Other species, thousand tons
	Kilka, thousand tons

	Shelf part of the Caspian

	1
	Northeast of the Middle Caspian
	428.03
	275.4
	46.3
	88.6
	17.8
	410.3

	2
	Southeast of the Middle Caspian
	532.7
	397.7
	132.6
	0.9
	1.5
	531.2

	3
	East of the Southern Caspian,

fishing area
	218.8
	70.4
	0.0
	118.3
	30.1
	188.7

	4
	Shelf zone of Iran
	192.6
	82.2
	3.4
	104.6
	2.5
	190.1

	5
	West of the Southern Caspian,

fishing area
	78.3
	50.4
	8.5
	16.2
	3.2
	75.1

	6
	Southwest of the Middle Caspian
	116.6
	98.4
	0.0
	2.9
	15.3
	101.3

	7
	Northwest of the Middle Caspian
	714.3
	459.6
	77.2
	147.8
	29.6
	684.7

	Total
	2,281.3
	1,434.2
	267.9
	479.3
	100.0
	2,181.4

	Deep-water part of the Caspian

	8
	Deep part of the Middle Caspian
	610.2
	474.3
	87.5
	44.7
	3.6
	606.6

	9
	Deep part of the Southern Caspian
	1,089.4
	846.8
	156.3
	79.8
	6.5
	1,082.9

	Total
	1,699.6
	1321.1
	243.8
	124.6
	10.1
	1,689.5

	Total for entire sea
	3,980.9
	2755.3
	511.7
	603.9
	110.1
	3,870.9


As is seen from table 7.1.4, significant part of kilka stock dwells above very deep waters where it is not accessible to fishing. Their catchis not conducted in the large area of the Middle Caspian as well. Only 263.8 thousand tons were in a zone of intensive fishing (east and west of the Southern Caspian).

Conclusions

Concentrations observed in most parts could be characterized as dispersed.  Large aggregations with high density were not noted but is should be kept in mind that the survey was of synoptical character and not exploratory. The lowest densities were observed in the east and west of the Southern Caspian, traditional fishing areas, and relatively high densities – in the east and west of the Middle Caspian. It is necessary to conduct detailed seasonal surveys in those parts in order to determine the presence of commercial concentrations and their sustainability.

It is desirable to conduct such a survey by two vessels to improve information quality, so as one vessel could implement hydroacoustic survey and the other conduct control trawls and collection of other information – hydrological, hydrobiological, etc. In addition, it is needed to equip the vessel with gear that is able to catch equally all fishes.  

7.2. Biological characteristic and fish stocks in the Middle and Southern Caspian

7.2.1. Species composition and concentrations of marine fishes in catches by pelagic trawl

August and September are characterized by maximal warming of water and intensive development of bioproduction of the Caspian Sea. In kilka biology this is a period of their re-distribution from western shelf of the Southern Caspian to the eastern shelf and formation of autumn-winter fishery concentrations. 

Species composition in pelagic trawl catches consisted of anchovy-like, big-eye and common kilkas, silverside, gobies, stickleback, pipefish. Catches per hour of trawling varied from 0.1 to 32.0 kg averaging 8.9 kg. By this indicator, marine fish concentrations in the Middle Caspian were higher than in the Southern Caspian – 16.2 kg against 6.4 kg. Maximal catches were noted in the southwestern (the Andrievskogo shoal) and southeastern (the Kuuli and Karasengir capes) parts of the Middle Caspian. – 22 and 32 kg per hour of trawling. In the Southern Caspian high catches (to 20 kg) were noted in the southern part near the Sefidrud estuary. Unfortunately, control catches were not conducted in the northwestern, northern, northeastern and central parts of the Middle Caspian. According to data of the hydroacoustic survey, it is in those parts that the densest fish biomasses were observed.

Kilka dominated in species composition of catches by pelagic trawl (94.6 %). Silverside (5.1 %) and gobies, stickleback and pipefish (0.1 %) constituted insignificant part (table 7.2.1). 

Table 7.2.1

Species composition of marine fishes in pelagic trawl catches

	Species
	Middle Caspian
	Southern Caspian
	Entire sea

	
	Specimen/trawl.
	%
	Specimen/
trawl.
	%
	Specimen/trawl.
	%

	Kilka
	2,831.0
	95.5
	1,244.0
	93.9
	1,658.0
	94.6

	Silverside
	127.4
	4.3
	76.6
	5.8
	89.8
	5.1

	Gobies
	1.4
	0.1
	0.2
	0.1
	0.6
	0.1

	Stickleback
	0.6
	0.1
	1.0
	0.1
	1.0
	0.1

	Pipefish
	-
	-
	1.8
	0.1
	1.4
	0.1

	Total
	2,960.4
	100
	1,323.8
	100
	1,750.8
	100


Among kilkas the most abundant was anchovy-like (69.4%), the second was common (20.8%), and the third was big-eye (9.8%). The largest share of anchovy-like kilka (84.2%) was in catches by pelagic trawl in the Middle Caspian. The densest concentrations of common kilka (36.5%) were found in the Southern Caspian. Maximal concentrations of big-eye kilka (14.7%) were noted in the Middle Caspian. Thus, in the pelagial of the Midddle and Southern Caspian a substantial unevenness in distribution of three kilka species is observed. 

In the Southern Caspian, where fishing is conducted, kilka concentrations were scattered and trawl catches are 3-times smaller than in the Middle Caspian.  

7.2.2. Species composition and concentrations of marine fishes in bottom trawl catches 

Average catch by bottom trawl in the Middle and Southern Caspian was higher than by pelagic trawl by 10.1 times and varied from 0.1 kg to 444 kg averaging 90.0 kg. Species composition was significantly more diverse and consisted of three kilka species, marine herrings, gobies, mullets, inconnu, vimba, vobla, kutum roach, shemaya (table 7.2.3) as well as sturgeons.  

Table 7.2.3

Species composition of marine fishes in bottom trawls

	Species
	Middle Caspian
	Southern Caspian
	Entire sea

	
	Specimen/trawl.
	%
	Specimen/trawl.
	%
	Specimen/trawl.
	%

	Kilka
	215.0
	15.6
	1,414.0
	12.7
	1,028.6
	12.8

	Herring
	0.8
	0.1
	8.2
	0.2
	5.8
	0.1

	Silverside
	455.4
	33.1
	913.2
	8.2
	778.2
	9.7

	Gobies
	272.6
	19.8
	8,699.6
	77.7
	5,991.0
	74.5

	Mullet
	0.2
	0.1
	85.4
	0.8
	58.0
	0.7

	Inconnu
	0.4
	0.1
	-
	-
	0.2
	0.1

	Vimba
	28.0
	2.0
	17.4
	0.2
	20.8
	0.3

	Vobla
	402.2
	29.2
	5.4
	0.1
	133.0
	1.6

	Kutum
	-
	-
	13.4
	0.1
	9.2
	0.1

	Shemaya
	-
	-
	0.8
	0.1
	0.4
	0.1

	Total
	1,374.8
	100
	11,175.6
	100
	8,025.2
	100


Concentrations of marine fish in the bottom layer of the shelf part in the Southern Caspian were 4.8-times higher than in the Middle Caspian and averaged 120.8 kg. 

Gobies dominated in bottom trawl catches (74.5%) and the share of kilka and silverside was 12.8 and 9.7% respectively. The shares of kilka in the Middle and Southern Caspian were similar: 12.7 and 15.6%, however, in comparison to bottom trawling their concentrations were 6.6-times higher. Substantial differences should be noted in concentrations of kilka in midwater and bottom layer in both parts of the sea. Thus, catches per hour of trawling in the Southern Caspian were similar in bottom and pelagic trawls (1244-1414 specimens), while in the Middle Caspian bottom trawl catches were by 13.2-fold lower than pelagic trawl catches. 

Common kilka dominated in species composition in bottom trawl catches (95.2%). Its habitat area covers shallow coastal shelf zone. Anchovy-like kilka constituted 4.4% and deepwater big-eye kilka – 0.4% only. 

Common kilka distribution pattern in the Middle and Southern Caspian was similar in bottom and pelagic trawl catches. The densest concentrations of this species were noted in the Southern Caspian. Catches by bottom trawl in the Southern Caspian were by 11.2 times higher than in the Middle Caspian and 3-fold larger than average pelagic trawl catch in that part of the sea. 

Analysis of data obtained show changes in traditional distribution pattern of kilka in the Middle and Southern Caspian. At present, the relative evenness of biomass distribution of three kilka species in the Middle and Southern Caspian is disturbed. The main mass of anchovy-like kilka remains in the Middle Caspian, and its concentrations in the southern part of the sea are scattered. Concentrations of big-eye kilka in the Southern Caspian are also scattered and significantly smaller that in the Middle Caspian. Concentrations of common kilka are widely spread in the entire Southern Caspian. 

7.2.3. Biological characteristic of kilka in the Middle and Southern Caspian

7.2.3.1. Biological characteristic of anchovy-like kilka

In catches by bottom and pelagic trawl anchovy-like kilka had the length from 6.5 to 10.5 cm (average 8.7 cm) and weight from 2.0 to 7.2 g (average 5.0 g). In the 2001 population structure there were 61.8% offemales, 37.9% of males and 0.3% of juveniles. Such a ratio indicates the disturbance in population structure in comparison with multi-annual data where juvenile share constituted 36.0%.

This year there was practically no “enhancement” of anchovy-like kilka and share of females increased.

Average length-weight indices of adults were 8.8 cm and 5.1 g, thus significantly lower than average multi-annual rate (9.5 cm and 6.5 g). Such indices for juveniles amounted to 6.8 cm and 5.2 g and were close to average multi-annual values (6.7 cm and 2.4 g). That shows good food supply due to low abundance of juveniles. Age composition included six age groups of generations of 1995-2000 (table 7.2.4). Age composition in catches in the Middle and Southern Caspian was similar and average age constituted 3.1 years. Three generations prevailed in catches - 1+, 2+, 3+ years of age (98.4%). Prolific generation of 1998 (2+ years of age) was dominating and constituted 52.1%. 

Table 7.2.4

Age composition of kilka in the Middle and Southern Caspian

	Parts of the sea
	Kilka species
	Age groups, %
	Average age

	
	
	0+
	1+
	2+
	3+
	4+
	5+
	6+
	

	Middle Caspian
	Anchovy-like
	0.4
	20.6
	52.0
	26.3
	0.7
	-
	-
	3.1

	
	Big-eye
	1.0
	24.4
	41.6
	24.2
	7.9
	0.6
	0.3
	3.2

	
	Common
	46.4
	35.2
	13.3
	5.1
	-
	-
	-
	1.8

	Southern Caspian
	Anchovy-like
	0.2
	20.5
	52.6
	24.5
	2.1
	0.1
	-
	3.1

	
	Big-eye
	0.2
	19.6
	40.7
	29.4
	9.4
	0.7
	-
	3.3

	
	Common
	54.7
	24.2
	13.4
	7.2
	0.4
	0.1
	-
	1.7

	Total for the sea
	Anchovy-like
	0.3
	20.5
	52.1
	25.8
	1.2
	0.1
	-
	3.1

	
	Big-eye
	0.8
	23.1
	41.3
	25.7
	8.2
	0.7
	0.2
	3.2

	
	Common
	54.6
	24.4
	13.4
	7.1
	0.4
	0.1
	-
	1.7


In comparison to multi-annual data, age composition of this year was disturbed: very low share of fish of 5 years of age, full absence of fish of 6 years of age and very low quantity of junior age generation 0+ years. That confirms adverse conditions for population feeding and spawning.

Table 7.2.5

Length-weight characteristics of kilka in the Middle and Southern Caspian

	Kilka species
	Parts of the sea
	Indices
	Age groups
	Average length, cm
	Average  weight, g

	
	
	
	0+
	1+
	2+
	3+
	4+
	5+
	6+
	7+
	
	

	Anchovy-like kilka
	Middle Caspian
	Length, cm
	7.3
	8.4
	8.5
	8.8
	9.7
	-
	-
	-
	8,6
	

	
	
	Weight, g
	3.1
	4.4
	4.5
	4.8
	6.5
	-
	-
	-
	
	4,6

	
	Southern Caspian
	Length, cm
	7.2
	8.6
	8.8
	8.9
	9.6
	10.2
	-
	-
	8,8
	

	
	
	Weight, g
	3.1
	4.8
	5.2
	5.3
	6.5
	7.2
	-
	-
	
	5,2

	
	Entire sea area
	Length, cm
	7.2
	8.5
	8.6
	8.9
	9.6
	10.2
	-
	-
	8,7
	

	
	
	Weight, g
	3.1
	4.7
	5.0
	5.2
	6.5
	7.2
	-
	-
	
	5,0

	Big-eye kilka
	Middle Caspian
	Length, cm
	6.0
	8.4
	9.3
	9.9
	10.5
	10.6
	13.1
	-
	9,3
	

	
	
	Weight, g
	1.6
	4.5
	6.2
	7.6
	8.7
	8.9
	13.7
	-
	
	6,1

	
	Southern Caspian
	Length, cm
	5.3
	8.5
	9.4
	10.1
	10.4
	11.1
	-
	-
	9,5
	

	
	
	Weight, g
	1.0
	4.2
	6.0
	7.5
	8.7
	11.0
	-
	-
	
	6,3

	
	Entire sea area
	Length, cm
	5.9
	8.4
	9.3
	10.0
	10.5
	10.6
	13.1
	
	9,4
	

	
	
	Weight, g
	1.5
	4.1
	5.8
	7.4
	8.6
	9.2
	13.7
	
	
	6,1

	Common kilka
	Middle Caspian
	Length, cm
	6.7
	7.7
	8.3
	8.7
	-
	-
	-
	-
	7.5
	

	
	
	Weight, g
	2.8
	3.4
	4.0
	4.4
	-
	-
	-
	-
	
	3.3

	
	Southern Caspian
	Length, cm
	6.7
	7.6
	8.4
	8.8
	9.4
	9.8
	-
	-
	7.3
	

	
	
	Weight, g
	2.7
	3.9
	5.1
	5.6
	6.7
	7.4
	-
	-
	
	3.7

	
	Entire sea area
	Length, cm
	6.7
	7.6
	8.4
	8.8
	9.4
	9.8
	-
	-
	7.3
	

	
	
	Weight, g
	2.7
	3.8
	5.1
	5.6
	6.8
	7.6
	-
	-
	
	3.7


Table 7.2.6

Development of sex glands of kilka (females) in August –September 2001

	Kilka species
	Maturity stage, %
	Average maturity stage
	Share of spawning fish, %

	
	II
	III
	IV
	V
	VI
	
	

	Anchovy-like
	79.8
	17.7
	1.6
	0.9
	-
	2.4
	2.5

	Big-eye
	89.0
	8.0
	3.0
	-
	-
	2.1
	3.0

	Common
	99.8
	0.2
	-
	-
	-
	2.0
	-


Anchovy-like kilka in the Middle and Southern Caspian differed by length-weight characteristics (table 7.2.5). Weight rate of the main age groups (1+, 2+, 3+ years) in the Southern Caspian was by 11.5% higher than that in the Middle Caspian. In general for the Middle and Southern Caspian, anchovy-like kilka weight rate in medium age groups was behind the multi-annual rate by 25.4% at 2+ years, by 38.1% at 3+ years, by 33% at 4+ years of age.  

Development of gonads of anchovy-like kilka (table 7.2.6) indicated that by August-September of the current year the major part of its population was at the II GMS (79.8%). Only 17% of population were at the III GMS and 2.5% - at the V GMS. 

Such a rate of gonad maturity contradicts fully the multi-annual data on importance of autumn-winter period spawning of anchovy-like kilka and its reproductive cycle, when gonad maturation was completed by August-September and about 45% of population were at the III GMS, 30% - at the IV stage and 5-6% - at the V and VI stages. Data confirms the change in the rhytm of the reproduction cycle of anchovy-like kilka under present ecological conditions.

Thus, analysis of expeditionary data shows the deep changes taking place in population of anchovy-like kilka in its area of distribution. They include re-distribution of kilka abundance in the Middle and Southern Caspian, disturbances in population structure, decline of weight-length rate of age groups, change in dynamics of sex gonad maturation and population reproduction.

7.2.3.2. Biological characteristic of big-eye kilka

In catches by bottom and pelagic trawl big-eye kilka was represented by the following length-weight groups: from 5.5 to 14.0 cm (average 9.4 cm) and from 1.0 to 14.5 g (average 6.2 g).

According to data from trawl catches in August-September2001, the composition of kilka population was as follows: 0.8% of juveniles, 71.2% of females and 28.0% of males. Comparative data analysis shows that in composition of big-eye kilka population some changes take place but they are not as significant as those happening in anchovy-like kilka population. 

Thus, according to multi-annual data in population structure the share of the first age group ranges from 25 to 35%, male-female ratio is always close to 1:1 with small prevalence of female share (56%). This year the population enhancement was low and the share of females exceeded the share of males more than two-fold. 

According to trawl catches the age composition of big-eye kilka population included seven age groups of generations of 1995-2000. Average age of big-eye kilka was 3.2 years. Three generations dominated in catches – 1+, 2+, 3+ years of age constituting 90.1%. Medium prolific generation of 1998 of 2+ years of age prevailed amounting to 41.5% (table 7.2.4). 

In comparison with multi-annual data on age composition, this year a relatively low share of fish of older age groups (5+, 6+ years) and low abundance of fish of the first age group (0+ years) was noted in catches, which indicates changes occurring in age composition of big-eye kilka population under new ecological conditions. 

Length-weight characteristics of big-eye kilka in the Middle and Southern Caspian were different (table 7.2.5). Weight rate of the main age groups (1+, 2+, 3+ years) in the Middle Caspian was higher than in the Southern Caspian. Nutritional state by Fulton of individual age groups indicated better feed supply for big-eye kilka in the Middle Caspian. In comparison to multi-annual data, big-eye kilka weight rate of this year was close to multi-annual rate confirming adequate food supply for the population until the present time.

Analysis of sex gland development of big-eye kilka indicates that by August-September 2001 the major part of big-eye kilka population was at the II GMS (89%). Only 8% of population were at the III GMS and 3% - at the IV GMS, which actually does not contradict the average multi-annual data on dynamics of sex gonad development of big-eye kilka.

Thus, survey data analysis shows that processes taking place at sea have not influenced big-eye kilka biology. Changes in age structure, weight-length rate, dynamics of sex gonad maturation observed in catches are within average multi-annual values. 

7.2.3.3. Biological characteristic of common kilka

In August-September 2001 the common kilka population consisted of 88% of mature fish and only 12.0 % of immature fish. The share of females constituted 47.9% and males – 40.1%, a ratio typical for the season. Average length of mature fish constituted 6.4cm and weight – 3.8 g. Average weight-length characteristics of juveniles constituted 6.4 cm and 2.3 g. Gain in weight of mature fish was similar to that of the last year but lower than average multi-annual (4.6 g). That could confirm the decline in growth rate noted in other fish species as well.

Average age of kilka was 1.7 years, which was lower than that of the last year and caused by the fact that large share of fish of the first age group. i.e. 0+ years of age entered the population. The main part of catch was composed of common kilka from 5.0 to10.0 cm, weight – from 1.0 to 7.6 g. Average length of kilka for the entire sea constituted 7.3 cm, weight – 3.5 g. The major part in catches consisted of fish of length from 6.0 to 9.0 cm (93.5%). The share of every size group constituted about 10% of catch (table 7.2.5).

Age composition in catches of common kilka was represented by six age groups from 0+ to 5+ years of age (table 7.2.4). The major part of catches consisted of fish less than 1year of age (54.6%). The second abundant group (24.4%) consisted of fish of previous generation of 1 + years of age, and the share of other age groups in catches was 20.5%. Such a significant domination of the first age group in age structure of common kilka makes its reproduction dependent on conditions of spawning grounds but at the same time, that allows to easily rehabilitate its abundance when conditions are favorable.  

Weight-length analysis allowed to determine some differences in kilka in individual parts of the sea. Thus, the common kilka length in the Middle Caspian varies from 6.0 to 9.5 cm and weight – from 2.0 to 6.0 g at average indices as of 7.5 cm and 3.3 g. In most catches in the Northern Caspian there were no immature fish and the share of older age groups was also very small. Length of fish in the Southern Caspian varied from 5.0 to 10.0 cm, the average length was 7.3 cm and weight – 3.7 g. Fish of length from 6.5 to 7.5 cm (44.8%) prevailed in catches. That indicated better feeding conditions of common kilka in the Southern Caspian. 

The age composition of fish in the Middle and Southern Caspian was diversified as well. In the Middle Caspian common kilka consisted of four age generations (from 0+ to 3+), in the Southern Caspian – of six (from 0+ to 5+). At the same time, average age of kilka in the Middle Caspian was 1.8 years, in the Southern – 1.7 years. That is explained by the fact that share of older fish groups noticed in the Southern Caspian was very low (0.5%) and was nil in the Middle Caspian.  

The rate of length growth in the Middle and Southern Caspian was practically the same, the rate of weight growth had significant differences. In the Southern Caspian mass of fish of similar age was significantly higher. Those differences increased with fish growing (from 8% at the 1+ year of age to 27% at the 3+ year of age) which indicates that feeding conditions in the Middle and Southern Caspian are different.

Analysis of catches by bottom and pelagic trawls showed that in bottom trawl catches common kilka was smaller: average length was 7.2 cm. In pelagic trawl catches average length of kilka was 8.0 cm. Accordingly the average weight of kilka in bottom trawl catches was 3.5 g and in pelagic trawl catches – 4.6 g. 

Analysis of sex gland maturity of common kilka showed that all fish caught were at the II GMS (table 7.2.6). Such a state of maturation of sex glands for common kilka corresponded to multi-annual observations and was typical for that season.

Thus, data collected show that at present, common kilka population is under favorable ecological conditions and biology of the species was not changed  by the processes taking place in the sea.

7.2.3.4. Biological characteristic of gobies

During the survey period, the major part of bottom trawl catches consisted of gobies. Over the entire survey, total catch of all fish species constituted 1260.7 kg, including 962.4 kg of gobies (76.5% of the total). Gobies were of 2.0-17.5 cm length (average 7.7 cm) and 03-75.3 g weight (average 10.1 g). 

The share of gobies varied in different parts of the sea from 0.2% in the east of the Middle Caspian to 42.0% in the east of the Southern Caspian (table 7.2.7). Most part of gobies was caught in the Southern Caspian – 950.9 kg that constituted 75.6% of total catch of all fish species. In the Middle Caspian goby by-catch was insignificant – 0.9% (11.7 kg).  

Table 7.2.7

	Area
	Share in total catch, %

	Middle Caspian
	East
	0.2

	
	West
	0.7

	Southern Caspian
	East
	42.0

	
	West
	33.6


In the Middle Caspian tens and hundreds of gobies were noted and maximal value did not exceed 400 specimen/trawl.

In the Southern Caspian there were thousands of gobies per trawl and particularly high catches were noted at the Iranian coast – up to 18 000 specimen/trawl. 

36 goby species and sub-species inhabit the Caspian Sea. In the catches a total of 21 species were noted. 10 goby species were noted in catches in the Middle Caspian, 6 species – in the Southern Caspian, and 5 species were noted both in the Middle and Southern Caspian.  

In total for the survey period, 78798 specimen of various goby species were caught. The main share (57.2%) consisted of three goby species: Neogobius fluviatilis pallasi (Berg) (Monkey goby), N. melanostomus (Pallas) (round goby) and N. Caspius (Khvalynski goby). The smaller part consisted of the following species: N. syrman eurystomus (Syrnam goby), N. Bathybius (Deepwater goby), Knipowitschia iljini (Ilyina goby), Benthophilus baeri (Bera goby) and B. Mahmudbejovi (Makhmudbekova goby). The remaining 15 species occurred in insignificant quantities in catches and their share varies from 0.1 to 2.5% and averaged 14.4% (table 7.2.8). 

Table 7.2.8

Goby species composition in catches

	Species
	Share in catch, %

	Neogobius melanostomus (Pallas)
	22.5



	N. fluviatilis pallasi (Berg)
	20.3

	N. caspius
	14.7

	N. bathybius
	9.6

	N. syrman eurystomus
	4.2

	N. gymnotrachelus macrophthalmus
	2.8

	Knipowitschia iljini
	4.2

	K. longicaudata
	1.1

	Proterorhinus marmoratus
	2.6

	Mesogobius nonultimus
	0.9

	Caspiosoma caspium
	0.2

	Benthophilus baeri
	6.7

	B. mahmudbejovi
	3.7

	B. stellatus leobergius
	2.5

	B. leptocephalus
	1.4

	B. stellatus casachicus
	1.0

	B. kessleri
	0.8

	B. svetovidovi
	0.5

	B. grimmi
	0.1

	B. ctenolepidus ctenolepidus
	0.1

	B. granulosus
	0.1

	Total
	100


7.2.3.5. Biological characteristic of silverside

During the survey, silverside (Atherina mochon pontica nation caspia Eichwald) occurred in catches both in the Middle and Southern Caspian. In trawl catches it had the following size: length – from 5.0 to 12.5 cm (8.6 cm in average) and weight – from 1.5 to 14.0 g (5.3 g in average).

Silverside by-catch in small volumes (from 2.0 to 9.0%) was noted in both pelagic and bottom trawls in coastal zone of the sea above the 20-40-m depth. 

Significant silverside by-catch constituting from 15 to 75 % of catch was noted in three trawls in the Middle Caspian and in five trawls in the Southern Caspian. 

According to the survey results, the highest silverside concentrations were found in the Middle Caspian (from 41 to 75% of catch). In the Southern Caspian silverside by-catch did not exceed 30%. Analysis showed that silverside catches increase in direct proportion to the depth becoming shallow. At depth becoming shallow from 40 to 20 m silverside by-catch increases from 10 to 75% of catch and reaches its maximum above 21-28-m depth. 

In general for the survey, silverside by-catch constituted 4.8% of total catch of all species. Silverside catches varied from 0.01 to 20 kg, averaging 1.7 kg. Silverside aggregations were of scattered nature, and dense concentrations were not observed  

7.2.3.6. Other marine fish species

In trawl catches among other marine species the following fish occurred: herring - Alosa genera, mullet - Liza saliens, vobla - Rutilus rutilus caspius, vimba - Vimba vimba persa, kutum - Rutilus frisii kutum, shemaya - Chalcalburnus chalcoides.
Herrings. Herring catches were noted exclusively in bottom trawl and consisted of six species: Caspian shad (Alosa caspia caspia), Big-eye shad– (A. Saposhnikovi), Black spine shad – (A. kessleri kessleri), Dolghin shad – (A. brashnikovi brashnikovi), Sarens herring (A. brashnikovi sarensis), Brashnikov shad – (A. brashnikovi grimmi).

Herring catches were extremely low and constituted 0.4 specimen/trawl in the Middle Caspian and 4.1 specimen/trawl in the Southern Caspian. The share of herring in total catch of all marine species constituted about 0.1%. Herrings caught were immature, their average length was 15.3 cm and average weight – 42.3 g. 

Table 7.2.9

Primary data on Caspian shad – bottom trawl catches in the Middle and Southern Caspian, August-September 2001 

(R/V “Issledovatel Kaspiya”)

	Date
	Square
	Station,  No
	Depth, m
	Catch, specimen/trawl
	Length, cm
	Weight, g
	Females, %

	28.08
	1370
	24
	22
	10
	14.9
	30.7
	48.6

	29.08
	1422
	25
	21-19
	2
	15.7
	34.6
	68.2

	29.08
	1445
	26
	24-25
	14
	14.0
	30.1
	28.6

	30.08
	1466
	28
	32
	34
	13.7
	24.6
	88.2

	30.08
	1483
	29
	34-25
	32
	13.1
	23.5
	52.9

	31.08
	1491
	31
	27-34
	8
	14.3
	28.7
	57.3

	1.09
	1483
	33
	19
	24
	13.1
	22.8
	50.0

	2.09
	1469
	35
	40
	4
	17.5
	56.8
	100

	3.09
	1404
	37
	35
	12
	17.9
	45.3
	100

	4.09
	1349
	39
	29
	2
	16.5
	41.8
	79.2

	17.09
	766
	52
	26
	2
	18.4
	67.2
	36.5

	( 11 stations
	
	
	
	144
	
	
	

	Average
	
	
	
	13.1
	15.4
	36.9
	66.5


Table 7.2.10

Herring species composition in catches by bottom trawl in the Middle and Southern Caspian per hour of trawling – 

August-Septermber (“Issledovatel Kaspiya” research vessel)

	Date
	Square
	Stations, No.
	Depth, m
	Big-eye shad
	Dolghin shad
	Caspian shad
	Black spine shad
	Sarens shad
	Brashnikov shad
	(

	12.08
	451
	3
	33-34
	2
	-
	-
	-
	-
	-
	2

	28.08
	1370
	24
	22
	-
	4
	10
	-
	-
	-
	14

	29.08
	1422
	25
	21-19
	-
	-
	2
	-
	-
	-
	2

	29.08
	1445
	26
	24-25
	-
	2
	14
	2
	2
	-
	20

	30.08
	1466
	28
	32
	-
	-
	34
	-
	-
	2
	36

	30.08
	1483
	29
	34-25
	-
	-
	32
	-
	-
	2
	34

	31.08
	1491
	31
	27-34
	-
	-
	8
	-
	-
	-
	8

	1.09
	1483
	33
	19
	-
	-
	24
	2
	-
	-
	26

	2.09
	1469
	35
	40
	-
	-
	4
	-
	-
	-
	4

	3.09
	1404
	37
	35
	-
	-
	12
	-
	-
	2
	14

	4.09
	1349
	39
	29
	-
	-
	2
	-
	-
	-
	2

	17.09
	766
	52
	26
	-
	-
	2
	-
	-
	-
	2

	(
	54 stations
	
	
	2
	6
	144
	4
	2
	6
	164

	%
	
	
	
	1.2
	3.7
	87.8
	2.4
	1.2
	3.7
	100


Caspian shad. Biostatistics data on Caspian shad collected in the Middle and Southern Caspian in August-September is shown in tables 7.2.9 and 7.2.10. Species composition of herring in trawl catches in the Middle and Southern Caspian was rather diverse (table 7.2.9). Caspian shad dominated in catches (87.8%), the second were Brashnikov and Dolghin shads (3.7% each). In addition, Sarin, Big-eye and Black spine shads occurred as well in small quantities constituting in total 4.8%.

In the Middle Caspian the main areas for Caspian shad fishing were north-east (at 34-m depth) and west (at 26-m depth). In the Southern Caspian that species was noted in large quantities (to 30 specimen/trawl) at eastern coast to the south of the Gryaznyi Volcano shoal and near Gasan-Kuli at 19-32-m depth. In September, at western coast of the Southern Caspian, significant catches of shad (to 34 specimen/trawl) were taken near Astara and at the very southern extremity at depths from 19 to 40 m.  

It should be noted that females prevailed in trawl catches (66.5%) except for squares 766 and 1445 where males dominated (about 70%). Average length of females was15.1 cm, gain in weight – 32.9. Males were smaller than females – 13.4 cm and 22.5 g. 

In the Middle and Southern Caspian the main age groups of shad were 1+ (37.9%) and 2+ (46.9%) and hence the average age was about 1.9 years.  

Reproductive organs of females and males of Caspian shad in the Middle and Southern Caspian were mainly at the II GMS (80%) and at the III GMS (7%). Gonad resorbtion was noted in some females in the Southern Caspian.  

Fatness: 70% shad was at the level of I-II points and of 30% - III points. Nutritional state by Fulton was very low, its coefficient varied within 1.2 and 0.8, constituting 0.9 on average.  . 

Mullet. Mullet was caught by bottom trawl and represented by one species -  Leaping mullet. Average catch of mullet in the Middle Caspian constituted 0.1 specimen/trawl, in the Southern Caspian – 42.7 specimen/trawl, for the entire sea – 29.0 specimen/trawl. The share of mullet in catch of all marine species constituted 0.7%. 

The size of mullets caught varied from 12.5 cm to 26.0 cm at average length 18.3 cm and average weight 73.3 g. 

Vobla. In general for the Middle and Southern Caspian, vobla catches constituted 66.5 specimen/trawl, and its share in total marine fish catch was 1.6%. Maximal concentrations were noted in the Middle Caspian. In this part of the sea its share in catches of all marine species constituted 29.2%. Absolute volume of catch per hour of trawling averaged 201.1 specimen/trawl. In the Southern Caspian vobla by-catch was insignificant, its share amounted to 0.1% of total catch of all marine fishes, and 2.7 specimen were caught per hour of trawling on average.    

Vobla size varied from 5 to 21 cm, with12.8 cm on average, and the average weight was 42.9 g. 

Vimba. On average for the Middle and Southern Caspian, vimba catches constituted 10.4 specimen/trawl, its share in catches of all marine species was 0.3%. Vimba occurred in both Middle and Southern Caspian in catches by bottom trawl. In the Middle Caspian vimba by-catch constituted 14 specimen/trawl, its share in total catch was 2.0%. In the Southern Caspian vimba by-catch constituted 8.7 specimen/trawl and share in total catch was -.2%. 

Vimba size varied from 8.5 to 24 cm. Average length constituted 14.5 cm and average weight – 63.4g. 

Kutum. Kutum occurred in catches by bottom trawl in the Southern Caspian exclusively. Average catch of kutum per hour of trawling was 6.7 specimen. Its share in the catch of all marine fishes constituted 0.1% Kutum size varied from 9.5 to 44 cm, at average length 21.3 cm and average weight – 181.7 g.

Shemaya. That species, as well as kutum, occurred in catches by bottom trawl in the Southern Caspian. Its concentrations averaged 0.4 specimen/trawl. Its share in total catch of all marine fishes was close to 0.1%. Shemaya length  varied from 14.5 to 18.0 cm, average length constituted 16.6 cm and average weight – 53.4 g.  

Conclusions

In recent 3-4 years, ecosystem of the Caspian Sea undergoes a very complicated period charcterized by weak autum cooling of seawater, followed by increased warming in spring-summer period, and finally, wide-spread and thriving development of comb jelly (Mnemiopsis leidyi)  -  a colonizer from the Azov-Blacksea.. The reduction in plancton by 80-90% blamed on that colonizer (zooplankton biomass, the main food of kilka and other planktophages), caused deep negative changes in spatial-temporal distribution of kilka, their population structure parameters and functional state. 

The most significant changes happened to anchovy-like kilka, the main species. Biological and hydroacoustic materials obtained in August-September 2001 allow to assess negative processes taking place in kilka ecology. 

In recent years it was noted that majority of anchovy-like kilka population stays in the Middle Caspian in summer-autumn period which is explained by rather high temperature in autumn. More intensive consumption of zooplankton by comb jelly in the Southern Caspian resulted in change of timing and intensity of anchovy-like kilka autumn migration to the south. Those processes are followed by worsened reproductive function of this species: in contrast to previous years, delay in sex gonad development is noted in 2001. The population age composition reduced, replenishment in 2000 was minimal. Kilka organism exhaustion caused by starvation resulted in decline of reproduction. The next factor decreasing replenishment could be eating of eggs and larvae by comb jelly in autumn-winter, 2000. 

In the light of catastrophic state of anchovy-like kilka the situation with the other two species – common and big-eye – looks less dramatic. Regarding common kilka, this is explained by the fact that its reproduction is closely connected to the Northern Caspian in spring, which provides full formation of the generation. Prolonged stay of juveniles and adults after spawning in the Northern Caspian as well as in the north-western and north-eastern shelf zones of the Middle Caspian provides relatively favorable conditions for adults feeding and juveniles growing. On the contrary, anchovy-like kilka spawning takes place in the Southern caspian in autumn when comb jelly develops most intensely and eats food resources, eggs and larvae. Effectiveness of anchovy-like kilka reproduction is worsened by the fact that the major part of population lives in the Northern Caspian.   

Probably, under adverse ecological conditions, the importance of spring-summer spawning of anchovy-like kilka will increase while previously it was significantly less important than autumn-winter spawning. Recently, large biomass of juveniles of spring-summer spawning is noted in autumn in the Northern Caspian. 

Satisfactory state of common kilka, a deepwater species, is probably explained by the fact that its food is less eaten by comb jelly than that of anchovy-like kilka. 

It is quite evident that the marine ecosystem is, to some extent, on the threshold of irreversible changes among which comb jelly consuming zooplankton would essentially be one of the inevitable and constant components, and new abundance composition would develop in traditional species, especially planktophages.   

Data of this expedition as well as that of special cruise on kilka stock assessment show that their concentrations in summer 2001 constituted only 1466 specimens per one catch by conic net while the average multi-annual index was 4635 specimens. Age composition is disturbed: fish of 5-6 years of age practically did not occur. Productivity of generation of 2000 constituted 131 specimen/trawl at average multi-annual value – 1999 specimens. Commercial stock in 2001 is estimated as of 687 thousand tons, in 2002 – 446 thousand tons (in a zone of possible fishing). The recommended allowable catch is 107 thousand tons (without Iran).   

Other marine fishes (herring, goby, mullet, etc) according to their ichthyological indices are in a satisfactory state and changes happening in the ecosystem did not affect them significantly. 

Conclustions

The expedition confirmed that assessment of biomass of aquatic hydrobionts using hydroacoustic methods is a more contemporary method and provides a possibility to perform this task fully and objectively. Moreover, this method is particularly effective in analyzing pelagic fish schools consisting of one or several species.  Application of this method in the Caspian showed that it does not always detect sturgeon (and other) fish dwelling close to the bottom. In addition, the methodology of fish identification, especially for the Northern Caspian, where fish stocks are diverse and vary in size, is not yet worked out. In such parts of the sea rather frequent catches are needed both by trawl and other nets for determination of species composition while conducting hydroacoustic survey, 

In this respect it is necessary to continue the methodic work on assessment of fish in the Caspian Sea using hydroacoustic method and determine effective ways for species identification. In the nearest future this method should become the key in expeditionary ichthyological cruises in the Caspian. 

Research of hydrologo-hydrochemical regime in the Caspian showed that complicated processes take place in the sea caused by the following: 

· the rise of the sea level for over 20 years; 
· increased oil pollution due to offshore and onshore oil development, spills of which are continuously washed at tide winds; 
· metabolism of Mnemiopsis leidyi that penetrated into the Caspian with ballast waters from the Azov-Black Sea basin, abundance of which in the Middle Caspian constituted 3408 specimen/m2. 
In the Northern Caspian, the active photosynthesis development was noted practically everywhere in the surface water layer, with its maximum in a zone of fluvial and sea water mixing ((110% of saturation near the Volgo-Caspian canal). Areas of hypoxia were not large and constituted 6.8 thousand km2. In general, hydrologo-hydrochemical regime of the sea did not differ greatly from that of previous years and was favorable for vital functions of hydrobionts.

Analysis of traditional trawl catches indicated that abundance of semi-anadromous fishes in the Northern Caspian increased in comparison to the previous years.  The highest concentrations of vobla, bream and zander were in the eastern part of the Northern Caspian where the hydrologo-hydrochemical regime is relatively stable. Based on that, in 2002-2003 increase of commercial catches is probable by 10-15%. Those data would be specified after further monitoring at sea and in the Volga delta and adjusted by results of fishing. 

Sturgeon abundance estimated by results of trawl catches in the Northern, Middle and Southern Caspian continues to decline and especially the commercial part of their population. The Northern Caspian remains their main feeding area where the most part consists of immature sturgeon. At the same time, their abundance increased in comparison to previous years. This indicates the efficacy of sturgeon breeding at hatcheries in the Volga delta releasing about 60 million specimens per year, as well as on the Ural River although their production is insignificant (5-7 million specimens). There were almost no poachers’ nets observed along the seashore at 5-6-m depth, except for coasts of Azerbaijan full of gears that did not allow to conduct trawling.     

Physiological state of sturgeons at sea is still under stress. Unstable functioning of vital systems was noted as a result of chronic toxicosis. Insignificant disturbances were observed in gills and liver. In reproductive system the deviations from norm were unimportant. Analysis of antigen components of serum protein showed that the Volga part of the population prevails over the Ural part and the share of beluga of Volga origin increased significantly (from 59.0 to 70.0%). 

Analysis of the state of kilka stock shows that under the impact of comb jelly the biomass of anchovy-like kilka constituting the basis of commercial catches decreased mostly. Stocks and biological characteristics of common and big-eye kilka did not change over the recent years. Kilka population is distributed in the entire Middle and Southern Caspian, however, there were no high concentrations observed. About 1/10 part of population inhabits a zone of intensive fishing. Other marine species (herring, gobies and others) are in a satisfactory condition.

At present, the main factors influencing the state of commercial fish stocks in the Caspian are as follows: 

· impact of comb jelly on food base, abundance and biomass of kilka, mainly anchovy as a mass species of commercial fishing;

· illegal fishing for sturgeons mainly at sea;

· increase of pollution of the Caspian Sea as a result of hydrocarbon development onshore and offshore: the real worsening of ecology was noted and its potential danger is great with the exploration increasing.

It is possible to take effective measures on reduction of negative anthropogenic impact in the ecosystem only as a joint effort of all Caspian states. In this respect, establishment of a legal basis for management of biological resources becomes more and more actual and urgent. 
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APPENDIX 1

Table 3.1

Species composition of phytoplankton in the Northern Caspian –

August 2001

	Species and groups of algae
	Ecology
	Parts of the sea

	
	
	West
	East

	Blue-green – Cyanophyta
	
	
	

	Microcystis pulverea (Wood.)
	f
	+
	+

	M.p.var delicatisima W.et G.S.West.
	f
	+
	+

	M.p.var holsatica (Lemm.)Elenk.
	f
	+
	+

	M.p.var inserta (Lemm.) Elenk.
	f
	+
	-

	M.aeruginosa Rutz.
	f
	+
	+

	M.grevillei (Hass.)Elenk.
	bf
	+
	-

	M.marginata (Menegh.) Kutz.
	f
	+
	+

	Microcystis sp.
	?
	+
	+

	Aphanothece elabens (Breb.)Elenk.
	bf
	+
	-

	A.clathrata W.et G.S.West.
	f
	+
	+

	A.stagnina (Spreng.)Al.Braun.
	bf
	+
	+

	Gloeocapsa minima (Keissl.)Hollerb.
	bf
	+
	+

	G.turgida (Kutz.)Hollerb.
	ub
	+
	-

	G.minor (Kutz.)Hollerb.
	bf
	+
	+

	G.limnetica (Lemm.)Hollerb.
	bf
	+
	+

	G.minuta (Kutz.) Hollerb.
	bf
	+
	+

	G.cohaerens (Breb.)Hollerb.
	bf
	+
	+

	Gloeocapsa sp.
	f
	+
	+

	Merismopedia punctata Meyen.
	f
	+
	+

	M.tenuissima Lemm.
	bf
	+
	-

	M.minima G.Beck.
	bf
	+
	+

	Pseudoholopedia convoluta (Breb.)
	F
	+
	-

	Gomphosphaeria aponina Kutz.
	ub
	+
	-

	G.ap.var multiplex Nyg.
	ub
	+
	+

	G.ap.var delicatula (Vir.)
	ub
	+
	+

	G.lacustris Chodat.
	п
	+
	+

	Anabaena constricta (Szaf.)Geitl.
	f
	+
	-

	A.bergii Ostf.
	b
	+
	+

	A.aphanizomenoides Forti.
	bf
	+
	+

	A.solitaria 
	f
	+
	-

	A.spiroides f. Constracta (Kleb.) Elenk. 
	?
	+
	+

	A.flos-aquae (Lyng.)Breb.
	f
	+
	+

	A.Scheremetievi Elenk.
	?
	+
	+

	A.kisselevii Pr.-Lavr.
	b
	+
	+

	A.reniformis Lemm. 
	f
	+
	-

	Anabaena sp.
	?
	+
	+

	Anabaenopsis nadsonii Woronich.
	b
	+
	+

	A.cunningtonii R.Taylor.
	bf
	+
	+

	A.elenkinii V.Mill.
	bf
	+
	+

	A.tanganyikae (G.S.West.)
	bf
	+
	+

	Aphanizomenon flos-aquae (L.)Ralfs.
	bf
	+
	+

	A.issatschenkoi (Ussaczev.) Pr.-Lavr.
	bf
	+
	+

	A.gracile Lemm..
	bf
	+
	+

	A.ussaczevii Pr.- Lavr.
	?
	+
	+

	Aphanizomenon sp.
	?
	+
	+

	Oscillatoria chalybea (Mert.) Gom.
	bf
	+
	+

	O.geminata Menegh. 
	bf
	+
	+

	Oscillatoria sp.
	f
	+
	+

	Spirulina laxissima G.S.West.
	f
	+
	-

	S.tenuissima  Kutz.
	b
	+
	+

	Lyngbya limnetica Lemm.
	ub
	+
	-

	Phormidium sp. 
	?
	+
	+

	Nostoc sp.
	?
	+
	-

	Yellow-green – Chrysophyta
	
	
	

	Dinobryon sertularia Ehr.
	f
	+
	+

	Diatom – Bacillariophyta
	
	
	

	Melosira granulata (Ehr.)Ralfs.
	f
	+
	+

	M.italica (Ehr.)Kutz.
	f
	+
	+

	M.varians Ag.
	f
	+
	-

	Melosira sp.
	?
	+
	-

	Sceletonema costatum (Grev.)Cl.
	m
	+
	+

	S.subsalsum (A.Cl) Bethge
	b
	+
	-

	Cyclotella meneghiniana Kutz.
	bf
	+
	+

	C.caspia Grun.
	m
	+
	+

	C.c.var affinis Pr.- Lavr. et Makar.
	m
	+
	+

	Stephanodiscus astraea (Ehr.)Grun.
	bf
	+
	+

	S.as.var minutulus (Kutz.)Grun.
	bf
	+
	-

	S.hantzschii Grun.
	bf
	+
	+

	S.socialis Makar. et Pr.-Lavr.
	b
	+
	+

	S.binderanus (Kutz.) Krieger
	f
	+
	-

	Thalassiosira caspica Makar.
	b
	+
	+

	Actinocyclus ehrenbergii Ralfs
	m
	+
	+

	Rhizosolenia calcar-avis M.Schultze
	m
	+
	+

	Chaetoceros subtilis var.subtilis Cl.
	m
	+
	+

	C.wighamii Brigxtw.
	m
	+
	+

	C.rigidus Ostf.
	m
	+
	-

	Chaetoceros sp.
	?
	+
	+

	Thalassionema nitzschioides Grun.
	m
	+
	-

	Fragilaria virescens Ralfs
	bf
	+
	+

	F.capucina Desm.
	bf
	+
	+

	F.crotonensis Kitt.
	bf
	+
	+

	F.construens (Ehr.)Grun.
	f
	+
	+

	Fragilaria sp.
	bf
	+
	+

	Synedra ulna (Nitzsch.)Ehr.
	bf
	+
	+

	Rhoicosphaenia curvata (Kutz.)Grun.
	bf
	+
	+

	Navicula lanceolata (Ag.)Kutz.
	bf
	+
	+

	N.placentula (Ehr.)Grun.
	bf
	+
	+

	N.minima Grun.
	f
	+
	+

	N.cryptocephala Kutz.
	bf
	+
	+

	N.tuscula (Ehr.)Grun.
	f
	+
	+

	N.anglica Ralfs.
	f
	+
	+

	N.rhynchocephala Kutz.
	bf
	+
	+

	N.pupula var elliptica Hust.
	bf
	+
	+

	Navicula sp.
	?
	+
	+

	Pinnularia sp.
	?
	+
	-

	Gyrosigma acuminatum (Kutz.)Rabenh.
	bf
	+
	+

	G.attenuatum (Kutz.)Rabenh.
	b
	+
	+

	Pleurosigma elongata W.Sm.
	m
	+
	+

	Amphiprora paludosa W.Sm.
	b
	+
	+

	A.alata Kutz.
	b
	+
	+

	Amphora ovalis Kutz.
	f
	+
	-

	A.veneta Kutz.
	f
	+
	+

	A.commutata Grun.
	b
	+
	+

	A.holsatica Hust.
	b
	+
	+

	Cymbella affinis Kutz.
	f
	+
	+

	C.lanceolata (Ehr.) V.H.
	f
	+
	+

	C.tumidula Grun.
	f
	+
	+

	C.parva (W.Sm.) Cl
	?
	+
	-

	C.cymbiformis (Ag.Kutz.) V.H.
	f
	+
	-

	Rhopalodia musculus Kutz. O.Mull.
	m
	+
	+

	Rhopalodis sp.
	?
	+
	+

	Nitzschia acicularis W.Sm.
	bf
	+
	+

	N.distans Greg.
	f
	+
	+

	N.sigma (Kutz. W.Sm.)
	bf
	+
	+

	N.holsatica Hust.
	f
	+
	-

	N.tenuirostris Mer.
	m
	-
	+

	N.reversa W.Sm.
	b
	+
	-

	N.closterium (Ehr.)W.Sm.
	b
	-
	+

	N.vermicularis (Kutz.)Grun.
	bf
	+
	+

	N.macilenta Greg.
	b
	+
	+

	N.sublinearis Hust.
	f
	+
	+

	N.gracilis Hantzsch.
	f
	+
	-

	Nitzschia sp.
	?
	+
	+

	Cymatopleura solea (Breb.)W.Sm.
	f
	+
	+

	Surirella robusta var. splendida Ehr.
	f
	-
	+

	S.arcta var robusta A.S.
	?
	+
	-

	Gomphonema constrictum Ehr.
	bf
	+
	+

	Campylodiscus clupeus Ehr.
	b
	+
	-

	Pyrrhophyta
	
	
	

	Exuviaella cordata Ostf.
	b
	+
	+

	E.marina Clenk.
	m
	+
	+

	Prorocentrum scutellum Schrod.
	m
	+
	+

	P.proximum Makar.
	b
	+
	-

	Gymnodinium variabile Herdm.
	m
	+
	+

	Glenodinium caspicum (Ostf.)
	b
	+
	+

	G.lenticula f. lenticula (Berg.)Schiller
	b
	+
	+

	Peridinium latum var. latum Pauls.
	bf
	+
	+

	P.l.var halophila (Lind.)I.Kissel.
	bf
	+
	-

	P.achromaticum Levand.
	b
	+
	+

	Peridinium sp.
	?
	+
	+

	Goniaulax polyedra Stein
	m
	+
	-

	G.digitale (Pouch.)Kof.
	m
	+
	+

	G.spinifera (Clap et Lachm.)
	m
	+
	-

	Goniaulax sp.
	?
	+
	+

	Euglenophyta
	
	
	

	Euglena acus Ehr.
	f
	+
	+

	Euglena sp.
	f
	+
	-

	Trachelomonas verrucosa 
	f
	+
	+

	Trachelomonas sp.
	f
	+
	-

	Green – Chlorophyta
	
	
	

	Schroderia setigera (Schroed.)
	f
	+
	+

	S.robusta Korschik
	f
	+
	+

	S.nitzschioides (G.S.West.)Korschik
	f
	+
	+

	Pediastrum boryanum (Turp.)Menegh.
	f
	+
	+

	P.b.var longicorne (Turp.)Menegh.
	f
	+
	+

	P.b.var perforatum Racib.
	f
	+
	+

	P.duplex Meyen.
	f
	+
	+

	P.d.var rugulosum Racib.
	f
	+
	+

	P.d.var setigera Meyen.
	f
	+
	-

	P. tetras var tetras Ehr.
	f
	+
	-

	P.t. var tetraodon (Corda)Rabh.
	f
	+
	+

	P. integrum Nag.
	f
	+
	-

	P.in.var scutum Racib.
	f
	+
	-

	Tetraedron minimum (A.Br.)Hansg.
	f
	+
	+

	T. caudatum (Corda)Hansg
	f
	+
	+

	Oocystis crassa Wittrock.
	f
	+
	-

	O. lacustris Chod.
	f
	+
	+

	O. borgei Snow.
	f
	+
	+

	O.composita Pr.-Lavr.
	f
	+
	+

	O. solitaria Wittrock.
	f
	+
	+

	Oocystis sp.
	f
	+
	+

	Ankistrodesmus convolutus Corda.
	f
	+
	+

	A. arcuatus Korschik
	f
	+
	-

	A. pseudomirabilis Korschik
	f
	+
	+

	A.p. var spiralis Korschik
	f
	+
	+

	A. acicularis (Al.Braun.)Korschik
	f
	+
	-

	Hyaloraphidium contortum Pasch.et Korsch
	f
	+
	+

	Kirchneriella lunaris (Kirchn.)Moeb.
	f
	+
	-

	K. gracillima Bohl.
	f
	+
	-

	Kirchneriella sp.
	f
	+
	-

	Coenolamellus botryoides Pr.-Lavr.
	f
	+
	-

	Coelastrum microporum Nag.
	f
	+
	+

	C.sphaericum Nag.
	f
	+
	+

	Dictyosphaerium ehrenbergianum Nag.
	f
	+
	+

	D. pulchellum Wood.
	f
	+
	+

	Crucigenia lauterbornii (Schmidle)Korschik
	f
	+
	-

	C. rectangularis (A.Br.)Gay.
	f
	+
	+

	C. tetrapedia (Kirchn.)W.et G.S.West.
	f
	+
	-

	C. quadrata Morren.
	f
	+
	+

	Westella botryoides (W.West.)De Will.
	f
	+
	-

	Actinastrum hantzschii Lagerh.
	f
	+
	-

	A.h.var gracile Roll.
	f
	+
	+

	Scenedesmus quadricauda (Turp.)Breb.
	f
	+
	+

	S. bijugatus (Turp.)Kutz.
	f
	+
	+

	S. acuminatus (Lagerh.)Chodat.
	f
	+
	+

	S. ac.var biseriatus Reinh.
	f
	+
	+

	S. arcuatus Lemm.
	f
	+
	+

	Micractinium quadrisetum (Lemm.) G.M.
	f
	+
	-

	Binuclearia lauterbornii Schmidle
	bf
	+
	+

	B.l.var crassa Pr.-Lave et Makar.
	bf
	+
	-

	Mougeotia sp.
	f
	+
	+

	Spirogyra sp.
	f
	+
	+

	Cosmarium undulatum Corda.
	f
	+
	+

	C. meneghinii Breb.
	f
	-
	+

	Pandorina sp.
	f
	+
	+

	Chlamydomonas sp.
	f
	+
	+


Note: m – marine; b – brackish; bf – brackish-freshwater; f – freshwater; ub, ? - others

Table 3.2

Average biomass (mg/m3) of phytoplankton by zoological groups

	Sectors

Complex
	Blue-green
	Diatom
	Pyrrhophyta
	Eugrlenophyta
	Green
	Total

	Marine


	
	453.23
	43.82
	
	
	497.05

	Brackish


	43.91
	9.18
	3.73
	
	
	56.82

	Brackish-freshwater
	45.58
	122.81
	24.44
	
	0.85
	193.68

	Freshwater


	215.91
	48.97
	
	1.26
	293.00
	559.14

	Others


	230.00
	0.23
	0.03
	
	
	230.26


Table 3.3

Average abundance (million speciemen/m3) of phytoplankton by ecological groups

	Sectors

Complex
	Blue-green
	Diatom
	Pyrrhophyta
	Eugrlenophyta
	Green
	Total

	Marine


	
	15.5
	1.9
	
	
	17.4

	Brackish


	7.2
	1.8
	1.4
	
	
	10.4

	Brackish-freshwater
	153.6
	36.8
	0.8
	
	41.6
	235.8

	Freshwater


	175.8
	28.1
	
	0.1
	79.6
	283.6

	Others


	33.3
	0.1
	0.003
	
	
	33.403


Table 3.4

Species composition of zooplankton in the Northern Caspian

	Species composition
	Parts
	Northern Caspian

	
	West
	East
	

	Protozoa
	
	
	

	Acinena sp.
	+
	+
	+

	Codonella relicta   Minkiewitsch.
	-
	+
	+

	Epistylis rotana
	-
	+
	+

	Epistylis sp.
	+
	+
	+

	Foraminifera sp.
	+
	+
	+

	Tintinopsis karajacensis  Brandt
	+
	-
	+

	Tintinopsis sp.
	+
	-
	+

	Vorticella sp.
	+
	+
	+

	Zoothamnium pelagicum  Samsonov
	+
	+
	+

	Tokopria sp.
	+
	+
	+

	Rotatoria
	
	
	

	Asplanchna priodonta  Gosse
	+
	+
	+

	A. brightwelli  Gosse
	+
	-
	+

	Ascomorpha sp.
	+
	-
	+

	Bipalpus hudsoni  Imhof
	+
	+
	+

	Brachionus angularis  Gosse
	+
	+
	+

	B. calyciflorus  am.  Ehr.
	+
	-
	+

	B. diversicornis  Dadan – Sch. 
	+
	+
	+

	B. urceus Muller
	+
	+
	+

	B. plicatilis   Muller
	+
	+
	+

	B. forficula  Wiers
	-
	+
	+

	B.quadridentatus
	+
	+
	+

	B.quadridentatus hyphalmyros Tschug.
	+
	+
	+

	Collotheca sp.
	+
	+
	+

	Euchlanis dilatata  Ehreb.
	+
	+
	+

	Filinia longiseta Ehreb.
	+
	+
	+

	F. terminalis  Pllate
	+
	-
	+

	Hexarthra oxyuris   Zernov
	+
	+
	+

	Keratella quadrata  Muller
	-
	+
	+

	K. tropica  Arst.
	+
	+
	+

	K. cochlearis  Gosse
	+
	+
	+

	K. cochlearis tecta Cosse
	+
	+
	+

	Polyarthra vulgaris  Garlin
	-
	+
	+

	Polyarthra dolichoptera  Idels
	-
	+
	+

	Polyarthra sp.
	+
	+
	+

	Philodinidae
	-
	+
	+

	Rotifer citrinus   Ehrbg.
	-
	+
	+

	Synchaeta stylata Wiers
	+
	+
	+

	S. neapolitana (cecilia)  Rouss.
	+
	+
	+

	Synchaeta sp.  (S.sp.sp.)
	+
	+
	+

	Synchaeta sp.  (large, round)
	+
	+
	+

	Trichocerca caspica  Tschug.
	+
	+
	+

	T. longiseta  Schranke
	-
	+
	+

	Trichocerca sp.
	+
	+
	+

	Trichocerca heterodactyla Tschugunoff
	+
	+
	+

	Rotatoria sp.
	+
	+
	+

	Anuraeopsis fissa
	+
	-
	+

	Lecane sp.
	+
	-
	+

	Cladocera
	
	
	

	Alona guadrangularis  (O.F.M.)
	+
	+
	+

	A. rectangula  Sars
	+
	-
	+

	Bosmina longirostris  Muller
	+
	+
	+

	Ceriodaphnia quadrangula  Muller
	+
	-
	+

	Chydorus sphaericus Muller
	+
	+
	+

	Cercopagis pengoi  Ostroum
	+
	+
	+

	C. gracillima  Sars
	+
	+
	+

	C. spinicaudata  Sars
	+
	-
	+

	C. micronyx   Sars
	+
	+
	+

	Cornigerius maeoticus ssp. hircus Zernov
	+
	-
	+

	Diaphonosoma brachyurum  Zevin
	+
	+
	+

	Evadne anonyx typica  Sars
	+
	-
	+

	Ev. an. deflexa  Sars
	+
	-
	+

	Leptodora kindtii  Focke
	+
	-
	+

	Moina rectirostris  Leydig
	+
	+
	+

	Moina sp.
	-
	+
	+

	Polyphemus exiguus  Sars
	-
	+
	+

	Pleopsis polyphemoides  Leukart  Mord.-Bolt.
	+
	+
	+

	Podon intermedius Lillijeborg
	+
	-
	+

	Podonevadne trigona typica Sars
	+
	+
	+

	P. t. trigonoides Sars
	-
	+
	+

	P. t. pussila Sars
	+
	+
	+

	P. t. rotundata Behn
	+
	-
	+

	Podonevadne camptonyx typica  Sars
	+
	+
	+

	P. c. similis Sars
	-
	+
	+

	P. c. hamulus Sars 
	+
	+
	+

	P. c. attenuata Sars
	+
	+
	+

	P. c. kajdakensis Tschug.
	-
	+
	+

	P. c. macronyx Sars
	+
	+
	+

	P. angusta Sars
	+
	+
	+

	Pleuroxus aduncus  Turina
	-
	+
	+

	Rhynchotalona rostrata  Koch
	+
	+
	+

	Simocerphalus vetulus (O.F.Miller)
	+
	-
	+

	Ephippium Cladocera
	+
	+
	+

	Ephippium Bosmina
	+
	-
	+

	Copepoda
	
	
	

	Calanipeda aquae-dulcis  Kritsch.
	+
	+
	+

	Eurytemora affinis  Poppe
	+
	-
	+

	Eurytemora sp.
	+
	-
	+

	Heterocope caspia  Sars
	+
	+
	+

	Halicyclops sarsi  Acatova  
	+
	+
	+

	Paraergasilus rylovi
	+
	+
	+

	Cyclopoida
	+
	+
	+

	Ectinosoma concinnum
	+
	-
	+

	Harpacticoida
	+
	+
	+

	Ergasilus sieboldi Nordmann
	+
	+
	+

	Acartia clausi Giesbrecht
	+
	+
	+

	Nauplii Copepoda
	+
	+
	+

	Сirripedia
	
	
	

	Balanus improvisus  Darvin  (nauplii)
	+
	+
	+

	Balanus improvisus  Darvin  (cypris)
	+
	+
	+

	Mollusca
	
	
	

	Lamellibranchiata larvae
	+
	+
	+

	Ostracoda
	+
	+
	+

	Bryozoa (statoblast)
	+
	+
	+

	Coelenterata
	
	
	

	Hydrozoa
	+
	+
	+

	Blackfordia virginica  Mayer
	-
	+
	+

	Medusa sp.
	-
	+
	+

	Ctenophora
	
	
	

	Mnemiopsis sp. (ova)
	+
	+
	+

	Mnemiopsis sp. (larvae)
	+
	+
	+

	Kamptozoa
	
	
	

	Barentsia benedeni  Foetinger
	+
	+
	+

	Decapoda
	
	
	

	Rhithropanopeus harrisii (larvae)
	+
	+
	+

	Cumacea
	+
	+
	+

	Amphipoda
	
	
	

	Gammaridae
	+
	+
	+

	Corophiidae
	-
	+
	+

	Other organisms 
	
	
	

	Dradonfly larvae
	-
	+
	+

	Nereis larvae
	+
	+
	+

	Chironomidae larvae
	+
	+
	+

	Chironomidae ova
	+
	+
	+

	Hydracorina
	+
	+
	+

	Clupeonella ova
	+
	+
	+

	Rotatoria ova
	+
	+
	+

	Euchlanis ova
	+
	+
	+

	Nematoda
	+
	+
	+

	Mollusca juvenis
	+
	+
	+

	Turbalaria sp.
	-
	+
	+

	Insecta
	-
	+
	+

	Oligochaeta
	+
	+
	+


Table 3.5

Abundance and biomass of zooplankton of different ecological complexes in the Northern Caspian*

	Indices
	Abundance, specimenэкз/m3
	Biomass, mg/m3

	Complexes Composition
	f
	bf
	Eu
	m
	?
	f
	bf
	eu
	m
	?

	Protozoa
	255
	
	
	
	55
	0.048
	
	
	
	-

	Ostracoda
	
	
	
	
	24
	
	
	
	
	0.425

	Copepoda
	3
	2069
	13667
	30
	203
	0.103
	14.536
	60.989
	0.199
	0.500

	Cladocera
	32512
	356
	1299
	38
	
	454.495
	11.241
	26.930
	2.179
	

	Rotatoria
	17298
	7232
	3057
	1763
	38
	19.247
	96.291
	3.057
	1.315
	0.020

	Cirripedia
	
	
	
	545
	
	
	
	
	1.226
	

	Mollusca
	
	
	
	
	2555
	
	
	
	
	12.775


*)   f     -   freshwater complex

       b  -     brackish water complex

       eu. -   euryhaline complex

       m   -   marine complex

        ?  -    ecology is not clear

Table 3.6

Qualitative composition of zoobenthos in the Northern Caspian in August 2001

	Species and groups
	Parts
	Northern Caspian

	
	West
	East
	

	Turbellaria
	+
	-
	+

	Nematodes
	+
	+
	+

	Polychaeta
	
	
	

	Nereis diversicolor   Muller
	+
	+
	+

	Hypania invalida   Grube
	+
	+
	+

	Hypaniola kowalewskii  Grimm
	+
	+
	+

	Manayunkia caspica  Annenkova
	+
	+
	+

	Oligochaeta sp.
	+
	+
	+

	Hirudinea
	
	
	

	Piscicola caspica  Salensky
	-
	+
	+

	Caspiobdella tuberculata Epstein
	-
	+
	+

	Archaeobdella esmonti  Grimm
	+
	+
	+

	Bivalvia
	
	
	

	Mytilaster lineatus  Gmel.
	+
	-
	+

	Dreissena polymorpha polymorpha Pallas
	+
	-
	+

	D. p. andrusovi  Andrus
	+
	+
	+

	D. rostriformis  Desh.
	+
	-
	+

	Cerastoderma lamarcki  Reeve
	+
	+
	+

	Didacna trigonoides  Pallas
	+
	+
	+

	D. barbotdemarnyi  Grimm
	+
	-
	+

	D. protracta Eichwald
	+
	-
	+

	Hypanis plicata  Eichwald
	-
	+
	+

	H. caspia  Eichwald
	-
	+
	+

	H. angusticostata  Borcea
	+
	+
	+

	H. albida  Logv.et.Star.
	+
	-
	+

	H. vitrea  Eichwald
	+
	+
	+

	Abra ovata  Philippi
	+
	+
	+

	Mollusca ssp.
	+
	-
	+

	Crustacea
	
	
	

	Cirripedia
	
	
	

	Balanus improvisus  Darvin
	+
	+
	+

	Gammaridae
	
	
	

	Amathillina cristata  Grimm
	+
	-
	+

	Dikerogammarus haemobaphes  Eichwald
	+
	+
	+

	Akerogammarus knipowitschi  Derz
	+
	-
	+

	Niphargoides corpulentus  Sars
	-
	+
	+

	N. caspius  Grimm
	+
	+
	+

	N. spinicaudatus  Car.
	+
	-
	+

	N. robustoides  Grimm
	+
	-
	+

	N. abbreviatus   Sars
	+
	+
	+

	N. carausui   Derz..et. Pjat.
	-
	+
	+

	N. compressus  Sars
	+
	+
	+

	N. macrurus   Sars
	+
	+
	+

	N. similis  Sars
	+
	+
	+

	N. aeguimanus  Sars
	-
	+
	+

	N. guadrimanua  Sars
	+
	+
	+

	Pandorites podoceroides   Grimm
	-
	+
	+

	P. platycheir  Sars
	+
	+
	+

	Gmelinopsis tuberculata  Sars
	-
	+
	+

	Gmelina costata  Sars
	+
	+
	+

	G. pusilla  Sars
	+
	+
	+

	Cardiophilus baeri  Sars
	+
	+
	+

	Zernovia volgensis  Derzhavin
	+
	-
	+

	Gammarus ischnus Stebbing
	+
	-
	+

	G. pauxillus  Grimm
	+
	+
	+

	G. warpachowskyi  Sars
	+
	+
	+

	Caspiocola knipovitschi  Derzhavin
	+
	+
	+

	Gammaridae sp.
	+
	+
	+

	Corophiidae
	
	
	

	Corophium chelicorne  Sars
	+
	+
	+

	C. curvispinum  Sars
	+
	+
	+

	C. nobile  Sars
	-
	+
	+

	C. mucronatum  Sars
	+
	+
	+

	C. monodon  Sars
	-
	+
	+

	Cumacea
	
	
	

	Schizorhynchus bilamellatus  Sars
	+
	+
	+

	S. eudorelloides  Sars
	-
	+
	+

	S. scabriusculus   Sars
	+
	+
	+

	Pterocuma rostrata  Sars
	-
	+
	+

	P. pectinata  Sowinskyi
	+
	+
	+

	P. sowinskyi  Sars
	-
	+
	+

	Volgocuma telmatophora  Derz.
	+
	+
	+

	Pseudocuma cercaroides  Sars
	+
	+
	+

	Stenocuma tenuicauda  Sars
	-
	+
	+

	S. gracilis  Sars
	+
	+
	+

	S. graciloides  Sars
	+
	+
	+

	Caspiocuma campylaspoides  Sars
	+
	+
	+

	Mysidae
	
	
	

	Paramysis baeri  Czerniavsky
	-
	+
	+

	P. ullskyi  Czerniavsky
	+
	+
	+

	P. intermedia Czerniavsky
	+
	-
	+

	Caspiomysis knipowitschi  Sars
	+
	-
	+

	Isopoda
	
	
	

	Jaera sarsi caspica  Kesselyaka
	+
	-
	+

	Decapoda
	
	
	

	Rhithropanopeus harrisii  Gould
	+
	+
	+

	Insecta
	
	
	

	Chironomidae sp.
	+
	+
	+

	Insecta sp.
	+
	+
	+


Table 3.7

Quantitative indices of zoobenthos development in the Northern Caspian in August 2001

	Indices
	Abundance, specimen/m2
	Biomass, g/m2

	Species and groups
	Parts
	Western
	Eastern
	Northern Caspian
	Western
	Eastern
	Northern Caspian

	Nereidae
	165
	604
	394
	1.19
	2.96
	2.11

	Ampharetide
	3151
	7688
	5519
	1.00
	0.24
	0.61

	Oligochaeta
	6963
	2749
	4763
	5.13
	1.92
	3.45

	Nematodes, Hirudinea, Turbellaria
	146
	81
	113
	0.03
	0.04
	0.04

	Vermes
	10425
	11122
	10789
	7.35
	5.16
	6.21

	Dreissena polymorpha polymorpha
	20
	-
	10
	0.45
	-
	0.21

	D. p. Andrusovi
	32
	32
	32
	0.45
	0.34
	0.39

	Cerastoderma lamarcki
	4
	
	2
	1.05
	0.06
	0.53

	Mytilaster lineatus
	24
	-
	11
	1.18
	-
	0.56

	Abra ovata
	13
	51
	33
	1.53
	2.12
	1.84

	Dreissena rostriformis
	
	-
	
	0.04
	-
	0.02

	Hypania vitrea
	25
	46
	36
	1.68
	0.47
	1.05

	H. angusticostata
	71
	10
	39
	9.39
	1.71
	5.38

	Didacna trigonoides
	2
	5
	4
	3.28
	10.64
	7.12

	D. barbotdemarnyi
	4
	-
	2
	2.81
	-
	1.34

	H. albida, H. caspia, H. plicata
	2
	1
	1
	4.47
	0.11
	2.19

	Mollusca
	197
	145
	170
	26.32
	15.46
	20.65

	Gammaridae
	1464
	1475
	1468
	0.96
	0.81
	0.88

	Corophiidae
	116
	1369
	770
	0.10
	2.05
	1.12

	Pseudocumidae
	828
	1034
	935
	0.39
	0.28
	0.33

	Mysidae
	3
	1
	1
	0.01
	0.01
	0.01

	Crustacea
	2411
	3879
	3174
	1.46
	3.15
	2.34

	Insecta : chironomidae
	305
	23
	158
	0.53
	0.02
	0.26

	Total, 
	13338
	15169
	14291
	35.66
	23.79
	29.46

	Including food benthos
	
	
	
	19.6
	12.2
	15.9


Table 3.8

Feeding of sturgeons of various size in different parts of the Northern Caspian in August 2001

	Part
	West
	East
	Northern Caspian

	Size of sturgeon (l) cm

Food composition
	to

40
	41 –

80
	81-

120
	>

120
	to

40
	41 –

80
	81-

120
	>

120
	to

40
	41 –

80
	81-

120
	>

120

	Mollusca:
	-
	53.4
	57.5
	56.2
	-
	21.4
	64.0
	89.7
	-
	49.3
	59.5
	61.5

	Hypanis vitrea
	-
	
	4.8
	-
	-
	-
	-
	-
	-
	-
	3.3
	-

	H. angusticostata
	-
	38.2
	13.1
	51.4
	-
	-
	8.9
	16.3
	-
	33.3
	11.8
	45.9

	Didacna trigonoides
	-
	-
	0.8
	-
	-
	0.1
	-
	-
	-
	0.0
	0.6
	-

	Cerastoderma lamarcki
	-
	-
	3.0
	-
	-
	-
	-
	-
	-
	
	2.0
	-

	Abra ovata
	-
	15.2
	35.8
	4.8
	-
	21.3
	55.1
	73.4
	-
	16.0
	41.8
	15.6

	Crustacea:
	98.6
	24.7
	1.9
	-
	87.4
	3.9
	13.5
	2.0
	97.2
	22.4
	5.6
	0.3

	Gammaridae:
	13.5
	-
	-
	-
	-
	1.0
	-
	-
	11.8
	0.1
	-
	-

	Pontogammarus abbreviatus 
	13.5
	-
	-
	-
	-
	1.0
	-
	-
	11.8
	0.1
	-
	-

	Corophiidae:
	-
	-
	-
	-
	84.8
	-
	10.7
	1.7
	10.9
	-
	3.3
	0.3

	Corophium nobile
	-
	-
	-
	-
	84.8
	-
	4.3
	1.7
	10.9
	-
	1.3
	0.3

	C. chelicorne
	-
	-
	-
	-
	-
	-
	6.4
	-
	-
	-
	2.0
	-

	Pseudocumidae:
	29.8
	-
	-
	-
	2.6
	1.0
	-
	-
	26.3
	0.1
	-
	-

	Pterocuma pectinata
	12.7
	-
	-
	-
	2.6
	1.0
	-
	-
	11.4
	0.1
	-
	-

	Schyzorhynchus bilamellatus
	17.1
	-
	-
	-
	-
	-
	-
	-
	14.9
	-
	-
	-

	-
	11.3
	-
	-
	6.2
	-
	1.9
	2.8
	0.3
	48.2
	22.2
	2.2
	0.0

	Rhithropanopeus harrisii
	55.3
	24.7
	1.9
	-
	-
	1.9
	2.8
	0.3
	48.2
	22.2
	2.2
	0.0

	Vermes:
	1.4
	19.2
	16.6
	43.8
	12.6
	1.5
	1.2
	8.3
	2.8
	17.0
	11.9
	38.2

	Nereis diversicolor
	-
	19.2
	16.6
	43.8
	12.6
	1.5
	1.2
	8.3
	1.6
	17.0
	11.9
	38.2

	Oligochaeta sp.
	1.3
	-
	-
	-
	-
	-
	-
	-
	1.1
	
	
	-

	Hirudinea sp.
	0.1
	-
	-
	-
	-
	-
	-
	-
	0.1
	
	
	-

	Insecta:
	-
	-
	8.0
	-
	-
	-
	-
	-
	-
	
	5.5
	-

	Chironomidae
	-
	-
	8.0
	-
	-
	-
	-
	-
	-
	
	5.5
	-

	Pisces:
	-
	2.0
	6.5
	-
	-
	69.1
	14.3
	-
	-
	10.5
	8.9
	-

	Benthophilus sp.
	-
	-
	1.7
	-
	-
	-
	-
	-
	-
	
	0.9
	-

	Clupeonella delicatula
	-
	-
	3.8
	-
	-
	-
	-
	-
	-
	
	2.6
	-

	Gobiidae sp.
	-
	2.0
	
	-
	-
	69.1
	14.3
	-
	-
	10.5
	4.7
	-

	Atherina boyeri
	-
	
	1.0
	-
	-
	-
	-
	-
	-
	
	0.7
	-

	Soil
	-
	0.7
	9.5
	-
	-
	4.1
	7.0
	-
	-
	0.8
	8.6
	-

	Total index of stomach fullness 0/000
	28.4
	52.6
	13.8
	12.2
	11.1
	15.4
	12.3
	3.7
	23.7
	40.2
	13.3
	8.9

	Average weight of fish, kg
	0.2
	2.3
	7.7
	19.8
	0.3
	1.6
	10.1
	18.3
	0.2
	2.0
	8.4
	19.2


Table 3.9

Feeding of sturgeons at various depths in different parts of the Northern Caspian in August 2001 (in % by weight)

	Part
	West
	East
	Northern Caspian

	Depth, m

Food composition
	3.1 -6.0
	6.1-

9.0
	>

9.0
	3.1 -6.0
	6.1-

9.0
	>

9.0
	3.1 -6.0
	6.1-

9.0
	>

9.0

	Mollusca:
	57.4
	13.4
	65.4
	61.6
	67.4
	
	58.4
	49.7
	65.4

	Hypanis vitrea
	1.9
	-
	9.6
	-
	-
	
	1.5
	-
	9.6

	H. angusticostata
	30.5
	13.4
	-
	6.1
	15.8
	
	24.9
	20.0
	-

	Didacna trigonoides
	0.6
	-
	-
	<0.1
	-
	
	0.5
	-
	-

	Cerastoderma lamarcki
	2.2
	-
	-
	-
	-
	
	1.7
	-
	-

	Abra ovata
	22.2
	-
	55.9
	55.5
	51.6
	
	29.8
	29.7
	55.9

	Crustacea:
	0.1
	38.2
	6.2
	12.6
	8.8
	
	3.0
	36.3
	6.2

	Gammaridae:
	0.1
	-
	-
	-
	0.3
	
	0.1
	0.2
	-

	Pontogammarus abbreviatus 
	0.1
	-
	-
	-
	0.3
	
	0.1
	0.2
	-

	Corophiidae:
	-
	-
	-
	12.6
	-
	
	2.9
	
	-

	Corophium nobile
	-
	-
	-
	5.6
	-
	
	1.3
	
	-

	C. chelicorne
	-
	-
	-
	7.0
	-
	
	1.6
	
	-

	Pseudocumidae:
	-
	-
	0.7
	сл.
	0.3
	
	<0.1
	0.2
	0.7

	Pterocuma pectinata
	-
	-
	0.3
	сл.
	0.3
	
	<0.1
	0.2
	0.3

	Schyzorhynchus bilamellatus
	-
	-
	0.4
	-
	-
	
	-
	
	0.4

	Xanthidae:
	-
	38.2
	5.5
	-
	8.2
	
	-
	35.9
	5.5

	Rhithropanopeus harrisii
	-
	38.2
	5.5
	-
	8.2
	
	-
	35.9
	5.5

	Vermes:
	27.4
	-
	8.6
	2.5
	1.2
	
	21.7
	0.7
	8.6

	Nereis diversicolor
	27.4
	-
	8.6
	2.5
	1.2
	
	21.7
	0.7
	8.6

	Oligochaeta sp.
	-
	-
	<0.1
	-
	
	
	-
	-
	<0.1

	Hirudinea sp.
	-
	-
	<0.1
	-
	
	
	-
	-
	<0.1

	Insecta:
	6.0
	-
	-
	-
	
	
	4.7
	-
	

	Chironomidae
	6.0
	-
	-
	-
	
	
	4.7
	-
	

	Pisces:
	
	0.3
	19.8
	15.4
	21.6
	
	5.0
	12.7
	19.8

	Benthophilus sp.
	1.0
	-
	-
	-
	-
	
	0.8
	
	-

	Clupeonella delicatula
	0.1
	-
	15.6
	-
	-
	
	0.1
	
	15.6

	Gobiidae sp.
	0.8
	0.3
	-
	15.4
	21.6
	
	4.1
	12.7
	-

	Atherina boyeri
	-
	-
	4.2
	-
	-
	
	-
	
	4.2

	Soil
	7.2
	-
	-
	7.9
	1.0
	
	7.2
	0.7
	-

	Total index of stomach fullness, 0/000
	14.5
	15.3
	28.1
	11.2
	7.8
	0.0
	13.6
	9.8
	26.6

	Average weight of fish, kg
	8.0
	6.8
	2.7
	9.1
	9.1
	2.0
	8.3
	8.3
	3.7


Table 3.10

Feeding of stellate sturgeon of various size in different parts of the Northern Caspian in August 2001(in % by weight)

	Part
	West
	East
	Northern Caspian

	                                 Length (l), cm

Food composition
	to

40
	41 –

80
	81 –

160
	to

40
	41 –

80
	81 –

160
	to

40
	41 –

80
	81 –

160

	Mollusca:
	-
	-
	-
	-
	-
	8.7
	
	-
	5.3

	Abra ovata
	-
	-
	-
	-
	-
	8.7
	
	-
	5.3

	Crustacea:
	10.6
	-
	16.6
	99.0
	75.8
	34.9
	47.8
	25.3
	27.8

	Gammaridae:
	10.6
	-
	-
	-
	-
	0.1
	6.1
	-
	0.1

	Pontogammarus abbreviatus
	10.6
	-
	-
	-
	-
	0.1
	6.1
	-
	0.1

	Corophiidae:
	-
	-
	-
	90.1
	15.3
	34.5
	-
	5.1
	21.3

	Corophium nobile
	-
	-
	-
	-
	15.3
	28.2
	-
	5.1
	17.4

	C. chelicorne
	-
	-
	-
	90.1
	-
	6.3
	37.9
	-
	3.9

	Pseudocumidae:
	-
	-
	-
	8.9
	60.5
	0.1
	3.8
	20.2
	0.1

	Schizorhynckus scabriusculus
	-
	-
	-
	-
	16.3
	-
	-
	5.4
	-

	Sch. Bilamellatus
	-
	-
	-
	8.9
	20.4
	-
	3.8
	6.8
	-

	Stenocuma graciloides
	-
	-
	-
	-
	23.8
	0.1
	-
	8.0
	0.1

	Mysidae:
	-
	-
	-
	-
	-
	0.1
	-
	-
	1.7

	Paramysis baeri
	-
	-
	4.4
	-
	-
	-
	-
	-
	1.6

	P. ullskyi
	-
	-
	-
	-
	-
	0.1
	-
	-
	0.1

	Xanthidae:
	-
	-
	12.2
	-
	-
	0.1
	-
	-
	4.6

	Rhithropanopeus harrisii trident.
	-
	-
	12.2
	-
	-
	0.1
	-
	-
	4.6

	Vermes:
	89.4
	24.5
	69.3
	1.0
	24.2
	55.4
	52.2
	8.1
	60.6

	Nereis diversicolor
	89.4
	24.5
	69.3
	1.0
	24.2
	55.4
	52.2
	8.1
	60.6

	Insecta:
	-
	75.5
	0.1
	-
	-
	-
	-
	66.6
	0.1

	Chironomidae
	-
	75.5
	0.1
	-
	-
	-
	-
	66.6
	0.1

	Pisces:
	-
	-
	14.0
	-
	-
	-
	-
	-
	5.4

	Clupeonella delicatula
	-
	-
	4.9
	-
	-
	-
	-
	-
	1.9

	Gobiidae sp.
	-
	-
	9.1
	-
	-
	-
	-
	-
	3.5

	Shells
	-
	-
	
	-
	-
	1.0
	-
	-
	0.8

	Total index of stomach fullness, 0/000
	10.3
	17.0
	3.9
	15.8
	22.0
	3.5
	12.0
	18.4
	3.6

	Average weight of fish, kg
	0.3
	2.4
	6.8
	0.1
	0.3
	7.7
	0.2
	4.7
	6.9


Table 3.11

Local variability of feeding of stellate sturgeon in the Northern Caspian in August 2001 (in % by weight)

	Part


	West
	East
	Northern Caspian

	Depth, m

Food composition
	to

3.0
	3.1 –

6.0
	3.1 –

6.0
	6.1 –

9.0
	3.1 –

6.0

	Mollusca:
	-
	-
	-
	16.4
	-

	Abra ovata
	-
	-
	-
	16.4
	-

	Crustacea:
	31.4
	11.9
	35.9
	38.0
	22.7

	Gammaridae:
	-
	-
	-
	0.1
	0.1

	Pontogammarus abbreviatus
	-
	0.1
	-
	0.1
	0.1

	Corophiidae:
	-
	-
	30.1
	37.6
	13.5

	Corophium nobile
	-
	-
	27.9
	27.0
	12.5

	C. chelicorne
	-
	-
	2.2
	10.6
	1.0

	Pseudocumidae:
	-
	-
	5.8
	0.1
	2.6

	Schizorhynckus scabriusculus
	-
	-
	1.5
	-
	0.7

	Sch. Bilamellatus
	-
	-
	1.9
	0.1
	0.8

	Stenocuma graciloides
	-
	-
	2.4
	-
	1.1

	Mysidae:
	31.4
	-
	-
	0.1
	-

	Paramysis baeri
	31.4
	-
	-
	-
	-

	P. ullskyi
	-
	-
	-
	0.1
	-

	X anthidae:
	-
	11.8
	-
	0.1
	6.5

	Rhithropanopeus harrisii trident.
	-
	11.8
	-
	0.1
	6.5

	Vermes:
	-
	72.0
	62.2
	45.6
	67.6

	Nereis diversicolor
	-
	72.0
	62.2
	45.6
	67.6

	Insecta:
	-
	11.3
	-
	-
	6.2

	Chironomidae
	-
	11.3
	-
	-
	6.2

	Pisces:
	68.4
	7.1
	-
	-
	2.6

	Clupeonella delicatula
	-
	7.1
	-
	-
	2.6

	Gobiidae sp.
	68.4
	-
	-
	-
	-

	Soil. Shells
	-
	-
	1.9
	-
	0.9

	Total index of stomach fullness, 0/000
	13.2
	4.0
	3.7
	3.5
	3.8

	Average weight of fish, kg
	2.7
	4.9
	4.6
	5.0
	5.6


Table 3.12

Feeding of beluga of various size in the Northern Caspian in August 2001 

(in % by weight)

	Part
	West
	East
	Northern Caspian

	Length (l), cm

Food composition
	89 –

140
	141 –

171
	85 –

140
	141 –

161
	85 –

140
	141 –

171

	Clupeonella delicatula
	3.5
	1.2
	5.7
	
	5.0
	0.7

	Neogobius sp.
	94.6
	
	53.6
	17.1
	66.5
	6.3

	Benthophilus sp.
	-
	
	4.2
	
	2.9
	

	Rutilus rutilus caspius
	-
	98.7
	30.8
	80.1
	21.1
	91.9

	Syngnathus nigrolineatus casp.
	1.9
	
	
	
	0.6
	

	Pisces
	100
	99.9
	94.3
	97.2
	96.1
	98.9

	Hypanis angusticostata
	-
	
	0.9
	
	0.6
	

	Cerastoderma lamarcki
	-
	
	4.2
	
	2.9
	

	Mollusca
	-
	
	5.1
	
	3.5
	

	Others
	-
	0.1
	0.6
	2.8
	0.4
	1.1

	Total index of stomach fullness, 0/000
	16.2
	7.3
	8.7
	5.2
	10.1
	6.4

	Average weight of fish, kg
	8.7
	36.2
	15.3
	36.5
	13.3
	36.4


Table 3.13

Local variability of feeding of beluga in the Northern Caspian in August 2001 

(in % by weight)

	Part
	West
	East
	Northern Caspian

	Depth, m

Food composition
	3.1 –

6.0
	6.1 –

8.5
	3.1 –

6.0
	6.1 –

8.5
	3.1 –

6.0
	6.1 –

8.5

	Clupeonella delicatula
	1.7
	-
	5.8
	
	3.1
	

	Neogobius sp.
	23.0
	-
	12.5
	65.1
	19.4
	65.1

	Benthophilus sp.
	
	-
	4.3
	
	1.6
	

	Rutilus rutilus caspius
	74.7
	-
	73.3
	30.1
	74.2
	30.1

	Syngnathus nigrolineatus casp.
	0.5
	-
	
	
	0.3
	

	Pisces
	99.9
	-
	95.9
	95.2
	98.6
	95.2

	Hypanis angusticostata
	
	-
	0.9
	
	0.3
	

	Cerastoderma lamarcki
	
	-
	3.0
	1.5
	1.0
	1.5

	Mollusca
	
	-
	3.9
	1.5
	1.3
	1.5

	Others
	0.1
	-
	0.2
	3.3
	0.1
	3.3

	Total index of stomach fullness, 0/000
	8.4
	-
	16.7
	7.5
	7.5
	7.5

	Average weight of fish, kg
	25.9
	-
	24.7
	21.0
	25.4
	21.0


ATTENTION

Appendix II

NEEDS TO BE ADDED

This is the same version as that attached to the Russian version – in other words

Kari Johanesson report
� That  calculation needs verification. If one station is conducted in each square of 10x7 nautical miles or 240.1 km2, then the area covered was only 31,900 km2 or 35% of the claimed entire sea area.


� By summerlings we mean fishes hatched in the current year


�  These numbers are confusing, however, there is no possibility of clarifying them before the completion of this report. 


� Note: these conclusions are based on 19 specimen of beluga,(as shown in Table 5.7) out of 27 specimen caught in that part of the sea at 133 trawl stations.


� See the “Comments on the stock assessment methodology used in the report” at the beginning of the report. 


� At the time of preparation of this analysis reports of the inshore surveys conducted in Iran and Azerbaijan were not available. They arrived after the completion of this report. In the gillnet catch in Iran, during the survey all specimen – 259 in total - were juveniles. The highest weight recorded was 732 grams for A. Stellatus, 450 grams for A. guldaenstaedti and 394 grams for A.persicus. 


� See the “Comments on the stock assessment methodology used in the report” at the beginning of the report.


�  Note that the data in the table are different from those cited in the text.


� Note that this number differs from that shown in Table 5.20


� Compare the figures to those shown in Table 5.25 and the sentence that follows.


� Note: The values in Table 5.25 are calculated, with 1991 data taken as an analogue!


� An earlier report prepared by the same team proved beyond reasonable doubt that the sea level fluctuations have no impact whatsoever on sturgeon stocks. 


� Conditions for natural reproduction were by no means favorable. Damming of the Volga cut off access to spawning grounds and such grounds below the Volgograd dam often suffered from inappropriate water release from the dam. 


� At the present moment there is no effective resources management mechanism in the Caspian, and no mechanism for coordination of joint research. The EC/Tacis Team recommended solutions in this respect, and hopefully these recommendations may help the littoral states join forces and establish an effective management and joint research system. 
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восток

Средняя биомасса (мг/м) фитопланктона по районам Северного Каспия

613

469

1024

278

116

31

1

1

254

324



Диаграмма9

		морской

		солоноватоводный

		солоноватоводно-пресноводный

		пресноводный



497

56

193

559



Лист1

		bluegreen		53		53		40

		yellow-green		1		1		1

		diatom		72		69		56

		pyrrhophyta		15		15		11

		euglenophyta		4		4		2

		green		56		55		39

						197		149

												west		east

		marine		497						bluegreen		613		469

		brackish water		56						diatom		1024		278

		brackish-freshwater		193						pyrrhophyta		116		31

		freshwater		559						euglenophyta		1		1

										green		254		324
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