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1. SPECIATION PROBLEMS IN ANCIENT CLOSED SYSTEMS: MOLECULAR AND CLASSICAL 
APPROACHES AND MODELS.  

: .  

 

MODERN STATISTICAL METHODS OF THE ANALYSIS FOR RESEARCH OF  
TROPHIC RELATIONS IN LAKE BAIKAL 

Averina E.S.*, Radnaeva L.D.*, Grahl-Nielsen .** 
*Baikal Institute of Nature Management SB RAS, 6, Sah'janova St., Ulan-Ude 670047, Russia 

**University of Bergen, NO-5020 Bergen, Norway 

Major factor of any ecosystems existence are the trophic or food relations which consist of several levels - 
primary producers and consumer various levels. Complexity of trophic relations in water ecosystems has led to 
search of new effective research methods. For detailed studying of the food mutual relations of water 
organisms the chemometrics methods of the analysis of fatty acids composition – biochemical hydrobionts 
markers are perspective (Kharlamenko et al., 1995). This approach is based on application of the statistical 
methods of processing of multidimensional data, for example the principal component analysis (PCA), for study 
of the multicomponent natural objects, for example mixes of fatty acids in organisms. 

The top predator, and the only endemic mammal of the lake, is the Baikal seal – nerpa Phoca sibirica. A 
foraging of the Baikal seal was well enough studied using the traditional “otolites” techniques of researches in 
different years. However last publications are based on the materials collected in first half 1990th. In the middle 
and, especially in the end 1990th, and also in the beginning of 2000th years, population of a seal was exposed 
to intensive operation. Its number was stabilized at that time on a little lowered level (in comparison with the 
end of 1980th). It is obvious, that for this period the food base of a seal could change (Petrov&Egorova, 1998). 

For investigation of the transformation mechanism of fatty acids (FA) via a trophic chain the comparative 
FA composition analysis of the some objects of a food chain have been carried out: Baikal seal (blubber), 
Baikal golomyanka (Cottidae) and some salmon (Coregonidae and Thymallidae familia) and coarse (Cyprinidae 
familia) Baikal fish (muscle tissue) – nerpa foraging objects. For revealing of FA distribution laws in nerpa 
blubber, FA composition have been studied in layers: Subsamples were cut from the pieces of blubber close to 
the skin and close to the muscle, carefully avoiding crosscontamination of liquid fat along the blubber column. 
The obtained data are processed by a method of the principle component analyses (Fig. 1). 

Apparently from the presented figure, FA composition of the inner and outer layer is distinguished, that 
allows to make a conclusion about vertical stratification of Baikal seal blubber composition. Moreover, FA 
composition differences of nerpa blubber and food objects were shown least at comparison of structure of acids 
of fats of fishes and an inside layer of fat of the Baikal seal that testifies that a stock of fat acids from food occur 
in an inside layer. Given the large and systematic difference between the inner and outer blubber layer, the 
inner blubber layer should obviously be used in comparisons with the FA composition of the prey, since the 
deposition of ingested lipids takes place in the inner layer. The PC plot demonstrates the separation between 
the seal and fish FA composition in Lake Baikal (fig. 1). From the same figure it is possible to draw a conclusion 
on the greatest affinity of structure of nerpa blubber and Baikal golomyanka that confirms the information about 
golomyankas as the basic food base of the nerpa. Salmon and coarse Baikal fish make a smaller part of a seal 
diet owing to what similarity of FA composirion of the these fishes and the Baikal seal is shown to a lesser 
degree and in the presented PC-plot the specified objects are most removed from each other. 

The obtained results are in strong conformity with literary data received on T.M. Ivanov's traditional 
technique which consists in washing up from a contained gastroenteric path fish otolites making a diet of 
animals. 

Thus, the results of researches obtained at studying of a seal foraging by a traditional method, and the 
analysis of a chemical compound Baikal seal blubber and its food objects, allow to deepen our representations 
about power of sea mammals (on an example of a nerpa) and in more details to track food interrelations in the 
top echelons of trophic system of Baikal. 

This work was financed by grants from the Russian Fund for Basic Research (  08-05-98029- ). 
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Fig. 1. PC plot of samples from Baikal seal blubber and fish muscles lipids (  
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DISTRIBUTION OF PHYTOFLAGELLATES AND CILIATES IN THE CHEMOCLINE REGION OF THE 
SALINE MEROMICTIC LAKE SHUNET 

Barkhatov Y.V., Khromechek E.B., Rogozin D.Y. 
Institute of Biophysics SB RAS, Akademgorodok, Krasnoyarsk 660036, Russia 

Barkh@ibp.ru 

The vertical and seasonal distributions of the phytoflagellate Cryptomonas spp., and its most common 
predators, the planktonic ciliates genera Oligotrichida, Scuticociliatida, Hypotrichida and Prostomatida, were 
investigated in Lake Shunet. Throughout the study period, the chemocline of the lake was co-inhabited by large 
populations of Cryptomonas phytoflagellates and ciliates adapted to poor light conditions, anoxia, and hydrogen 
sulphide (Fig. 1).  

The population of Cryptomonas sp. appeared to always remain at the oxic-anoxic interface. In both 
summer and winter Cryptomonas peaked in 5-10 cm above or at the chemocline (located at the depth of 5 m). 
Abundance – 3000-35000 cells ml-1, total biomass – 1.8-22 mg l-1. 

The ciliate abundance and biomass were much higher in the chemocline than in the mixolimnion. 
Abundance in the chemocline – 50-400 cells ml-1, in the mixolimnion - 0-36 cells ml-1, total biomass in the 
chemocline – 0.2-1.5 mg l-1, in the mixolimnion – 0-0.8 mg l-1. The most distinctive feature of ciliate community 
in the pelagic zone of Lake Shunet is their clear preference to stay in a certain part of the water column. The 
protozooplankton maximum was observed in the 10-35 cm layer of the chemocline region, above or sometimes 
in the layer of purple sulphur bacteria, where hydrogen sulphide concentration was from 0 to 5 mg L-1 with little 
or no oxygen. Ciliate populations in this region do not seem to migrate. Diel distribution of the organisms in the 
Lake Shunet showed that the ciliates maximum was always somewhat higher than that of Cryptomonas. That 
the ciliates were sensitive to increases in sulphide levels is quite likely. 

The species composition of the ciliate community in the pelagic of Lake Shunet is not very diverse and 
ciliate species occupy different habitats in the pelagic zone of the lake. The Oxytricha sp. ciliate, inhabited in 
layer containing hydrogen sulphide, can be considered a typical anaerobic species. The other ciliate species 
occur throughout the water column, but the larger part of their biomass is concentrated immediately above the 
chemocline. 

Dense populations of small Cyclidium sp. ciliates, which develop during spring and autumn largely feed 
on small bacteria. During both summer and winter stratification, the larger ciliates such as Strombidium, 
Prorodon, Euplotes, occupy a dominant position as they feed on phytoflagellates and probably also purple 
bacteria.  

We assume that the occurrence of a large population of Cryptomonas phytoflagellates in the chemocline 
and the absence of extended daily migrations of Cryptomonas in Lake Shunet may be due to two reasons. 
Firstly, it is the small depth of the lake and the chemocline location with relation to the surface. Though the light 
intensity at the depth of the chemocline is low, it is sufficient for maintaining the Cryptomonas population, which 
has persisted in this zone. This suggestion is indirectly confirmed by the location in the chemocline of the 
extremely dense population of photosynthesizing sulphur bacteria. To maintain the high density of these 
aquatic organisms, a flow of nutrients from the bottom is needed, which obviously is what happens, all the more 
so because the distance to the lake bottom is also small – about 1 m. Secondly, Lake Shunet doesn’t have 
such large zooplankton species as Daphnia. The species of zooplankton dominating in the lake – 
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Arctodiaptomus salinus, and the rotifers Brachionus plicatilis and Hexarthra oxiuris – cannot stay for a long time 
in the anaerobic and microaerobic water layers, which makes it less possible that the concentration of 
Cryptomonas will be significantly decreased due to grazing. 

This work was supported by Russian Foundation for Basic Research (RFBR) and Krasnoyarsk region Science 
Foundation Grant no. 09-04-98042-r_sibir_  and Integration project of SB RAS No. 95 
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Fig. 1. The vertical distributions of the abundance of purple sulfur bacteria (PSB), oxygen, hydrogen sulphide 

(Rogozin&Degermendzhy, 2008), cryptomonas and ciliates in the chemocline of Lake Shunet on 27 July 2005. 

CHEMICAL ELEMENT COMPOSITION OF TRICHOPTERANS BAICALINA BELLICOSA MART. 
DOMINATING IN THE LITTORAL ZONE OF SOUTHERN BAIKAL 

Boiko S.I., Rozhkova N. A., Kulikova N.N., Saibatalova E.V., Paradina L.F., Smirnova E.V.*, 
Timoshkin O.A., Khanaev I.V., Suturin A.N. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
*A.P. Vinogradov’s Institute of Geochemistry SB RAS, 1a, Favosrsky St., Irkutsk 664033, Russia  

boiko@lin.irk.ru 

Baikal trichopterans are referred to amamphibiotic insects. Aqueous stages of their growth (eggs in jelly mass, 
larvae, pupae) develop during 2-3 years, whereas imagoes live on land only a few days. Average annual 
abundance and biomass of trichopterans are 1600 specimens/m2 and 8 g/m2, respectively. An endemic species 
Baicalina bellicosa Mart. making up 50-80% of the abundance and 60-90% of the biomass of all trichopterans 
from the stony littoral zones was an object for studying chemical element composition (Nepokrytykh, Rozhkova, 
2008).  

The aim of this work was to analyze chemical elements in eggs in jelly mass, larvae, pupae and imagoes 
of trichopterans, as well as their biochemical role in the littoral zone of Lake Baikal using inductively coupled 
plasma mass-spectrometry (ICP-MS).  

Samples with trichopterans were dried to constant weight at 105ºC and grinded in an agate mortar. Then 
they were decomposed by concentrated nitric acid in a microwave (dilution 500). Solutions were analyzed in a 
quadrupole mass-spectrometer Agilent 7500ce in the Center of Joint Equipment Use “Ultramicroanalysis” at 
Limnological Institute SB RAS (Irkutsk).  

The ICP-MS method revealed that each stage of the development of a trichopteran has its own 
peculiarities of element composition. The highest concentrations of macro- and microelements, excluding Ca 
and Sr, are characteristic of larvae feeding on microalgae, bacteria and fungi. The concentration of Ti is several 
times higher in eggs than in pupae and imagoes, whereas the concentrations of Mo, Cu, Ba, Ga, Se, W, Mn, Tl, 
and Au are lower than in imagoes. Moreover, these eggs as well as larvae contain higher concentrations of Zr, 
U and Zn. Pupae, on the contrary, compared to other stages, contain lower concentrations of rare-earth 
elements. The specific feature of element composition in females-imagoes and eggs is that they contain the 
highest concentrations of Ca and Sr and the lowest of Br, the maximum of which is recorded in pupae and 
larvae. Males-imagoes have the highest concentrations of Na, Al, Si, P, K, Sc, W, and especially MO, the 
concentration of which increases from 1.0-3.27 µg/g of dry weight in larvae, eggs, pupae, and males-imagoes 
to 6.15 µg/g in males.  

B. bellicosa at all stages of its development concentrates Mn, P, Cu, Zn, K, Ba, Se, Mo, and Co more 
intensely compared to the that from the aquatic environment and absorbs Li, Ca, Sr, Na, B, and Cs in small 
quantities. Trichopterans inhabiting the stony substrate (mostly large fragments of granite) accumulate P, S, 
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Mo, and Br that are not accumulated only in eggs. Besides elements mentioned above, larvae, females and 
male-imagoes accumulate copper. Larvae, pupae and males-imagoes also concentrate manganese. Compared 
to the stony substrate, the lowest coefficients of biological absorption have such elements as Zr, Th, Ti, Al, Bi, 
Hf, Ta, Al, etc. that belong to rocks and minerals  resistant to underwater weathering and are less mobile under 
oxidizing conditions in the shallow zone of Lake Baikal.  

Trichopterans B. bellicosa absorb and concentrate Mn, P, Cu, Zn, K, Ba, Se, Mo, and Co more intensely 
in the aquatic environment and P, S, Mo, and Br on the stony substrate involving them in the complex chain of 
biological cycle of chemical elements in the ecosystem of the shallow area of Lake Baikal.  

This work was supported by the programme “Effect of Landscape-ecological factors on Formation of Biodiversity of 
Unique Communities and Speciation Processes in the Shallow Area of Lake Baikal”, No. 7.9.13 and RFBR grant Nos. 09-
05-01139-a and 10-03-01135.  
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INFLUENCE OF NICTIMERAL MIGRATIONS OF GOLOMYANKAS (COMEPHORIDAE) ON THE 
BIOLOGICAL PRODUCTION OF PELAGIC ECOSYSTEM OF BAIKAL LAKE 

Chernyaev G.A. 
A.N. Severtsov Institute of Ecology and Evolution RAS, 33, Leninskij av., Moscow 119071, Russia 

admin@sevin.ru 

Predecessors of Baikal Lake investigators - Berg (1910), Vereshchagin (1949), Kozhov (1952, 1963), 
Rossolimo (1966) found that in ultraoligotrophycal, nutrients poor ecosystem of the lake there are two maxima 
of production: the first - under the ice cover (January-May ), the second - on the open water (June-August). 
These scientists, as well as ichthyologists Misharin (1949), Taliev (1955), Koryakov (1964 Starikov (1973), 
Gurova  and Pastukhov (1974), Tchernyayev (1972, 1974) investigated the vertical (niktimeral) migrations of 
viviparous Comephorus (golomyankas – both species of Baikal oilfishes – Big Baical oilfish - Comephorus 
baicalensis Pall and Little Baical oilfish – C. dybowskii Korotneff): day to the bottom of Lake Baikal, and at night 
to its surface. Observations executed by hydronautes (Kozhova, Sidelev, Resinkov, 1979) showed that during 
the day Comephorus (golomyankas) actively hunt in the liquid, the surface silt layer of the Baikal bottom 
sediments on the gammarids, worms, molluscs, and their own relatives, whom they are able to swallow. In this 
case their hypertrophied lateral line organ (Sideleva, 1980) are dirtying by fragments of the bottom sediments.  
In such soiling state millions of Comephorus (golomyanka) in the night rise to the surface waters of Lake 
Baykal, where they become objects of feeding for the Baikal seal, omul (cisco) and grayling. Thus, up from the 
bottom of the lake, nutrients and very important element for the flowering of diatoms - silicon - with fecal 
droppings of seals and pelagic fishes are distributed in the upper water masses of the lake, where there 
provoke an active process of photosynthesis and the formation of primary production.  

According to calculations given Nagorniy V.K. (1983), in one thousand tons golomyankas both species 
and different size-age composition has an average of from 0.9 to 9.1 billion pieces.  

The task for future researchers, knowing fairly accurately the number and biomass of Comephorus 
(golomyanka), is to determine the quantitative and qualitative parameters (chemical composition of elements) 
the significance of their impact on hydrobiocenose of Baikal, given the role of vertical lift of golomyanka from 
the bottom to the surface. As a secondary outcome it is possible to determine the sediments of pollution, that 
made by the river Selenga from the Buryat industrial complex and to trace the impact of pollution on the 
(bottom) benthic community, until the source of the Angara River from Lake Baikal. 
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ROLE OF EXPERIMENTAL AQUARIUMS IN STUDIES OF BAIKAL HYDROBIONTS  
Glyzina O.Yu.*, Glyzin A.V.**, Lubochko S.A.* 

*Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
** Baikal Museum of Irkutsk scientific center, 1, Akademicheskaya St., Listvyanka 664520, Russia 

glyzina@lin.irk.ru, glizin@mail.ru 

At present, there is a great variety of publications dealt with the structure, functioning and biodiversity of aquatic 
ecosystems in poly- and mesosaprobic water bodies. A limited number of publications are devoted to 
ultraoligotrophic water bodies among which there is a unique and giant Lake Baikal. Unusual species richness 
of plants and animals of Lake Baikal and poor knowledge about them were the reason why the priority was 
given to systematic and faunistic studies of the Lake Baikal biota, whereas ecology and biochemistry of Baikal 
hydrobionts are still poorly studied. These studies are of a sporadic character (Moris, 1985; Dembitsky, 2005) 
or carried out with outdated methods and it is impossible to compare their results (Kurennykh, 1967; Kornakova 
et al. 1977; Kornakova, Sherstova, 1983; Tyutrina, 1985). One of the major reasons is difficulty in cultivating 
Baikal endemic species under laboratory conditions. This is due to high and specific requirements of Baikal 
endemic organisms, as well as other inhabitants of an ultraoligotrophic water body, to a complex of conditions 
under which they retain their physiological activity. Therefore, an experimental complex of aquariums of the 
Baikal Museum ISC SB RAS, which is a part of the natural water body (running water exchange with Lake 
Baikal) and an experimental aquarium complex of the Limnological Institute (with the control and regulation of 
habitat factors of experimental animals) help reveal new regularities of functioning of Baikal benthic 
communities. Both conventional and highly sensitive biological and biochemical methods can be used for 
revealing biochemical interactions between organisms and the environment.  

Specific features of functioning of symbiotic communities have been revealed on the example of an 
endemic Baikal sponge Lubomirskia baicalensis, including endo- (microalgae and bacteria inhabiting sponge 
cells) and exo-symbionts (amphipods, molluscs, trichopterans, and oligochates). Experiments proved that 
various factors (elevated or reduced temperature, chemical and mechanical agents, etc.) not always cause 
damage of the developing sponge. There are stages when these factors do not have a noticeable effect on the 
sponge. However, it is possible to cause high mortality of animals by the same factors and by the same doses 
at other stages of sponge development. During critical periods, regenerative ability weakens, pH increases, 
filtration ability reduces, activity of symbionts decreases, and intensity of physiological processes lowers. 
Respiration is an exception which even intensifies during critical periods.  

The experiments proved that it is possible to estimate vital state of a hydrobiont from biochemical 
characteristics and to determine the role of different organisms in the community under conditions of 
environmental changes. Long-term preservation of freshwater hydrobionts in the experimental aquarium 
increases their adaptive reactions and retains vital features of hydrobionts at transition to other habitat 
conditions.  
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STUDY OF THE BIODIVERSITY OF DEEP-WATER SPONGES OF LAKE BAIKAL  
BY MOLECULAR METHODS 

Itskovich V.B., Belikov S.I., Kaluzhnaya O.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

vitskovich@yahoo.com 

Lake Baikal is the deepest and the most ancient lake in the world, it’s age estimated at 30 million years. Due to 
oxygen exchange Baikal is inhabitable at all depths up to the deepest point of 1642 m. An unusually big 
number of sponge species live in Lake Baikal in comparison to other lakes. According to present classifications 
13 species and one subspecies from the family Lubomirskiidae, and five species from the family Spongillidae, 
are known from the Lake Baikal. Though sponges form the dominating biomass of the benthos of Baikal and 
play an important role in the ecology of the lake, the taxonomy of the Baikal sponges is complicated.  The 
existing classification of baikalian sponges was developed mainly on the basis of samples collected by scuba 
diving from depths up to 40 meters. A small quantity of deep-water samples collected earlier by dredging 
allowed the description of new species of the Lubomirskiidae but the deep-water fauna of Baikal sponges 
remains poorly studied. 

In 2008-2009, expeditions in Baikal with use of the deep-water manned vehicles Mir-1 and Mir-2 were 
carried out. During dives between 120 - 1450 m unique samples of deep-water sponges were collected and 
their habitats studied. Species identifications were performed via morphological and molecular methods and 
their distribution to depths over 40 meters was studied. Scanning electron microscopy (SEM) identified 
collected samples as Baikalospongia intermedia, B. intermedia profundalis, B. bacllifera, B. fungiformis, B. 
martinsoni, Swartschewskia papyracea all from the family Lubomirskiidae. According to spicule morphology 
some specimens are representatives of undescribed Lubomirskiidae species. Several specimens were 
assigned to the family Spongillidae however species identification was not possible via SEM. 

Analysis of ribosomal internal transcribed spacer regions (ITS1 and ITS2) was also used to perform a 
species identification of 15 deep-water specimens and to study their phylogenetic relationships. All deep-water 
specimens were shown to belong to the Lubomirskiidae including those assigned to the family Spongillidae via 
morphology. Furthermore, nucleotide substitutions distinguish newly collected deep-water specimens from 
described species of Lubomirskiidae thereby supporting the existence of new undescribed species.  Study of 
the deep-water fauna of the Baikal sponges will improve the systematics of freshwater sponges and will provide 
new data for understanding the origin and evolution of the endemic family Lubomirskiidae.  

ULTRASTRUCTURAL SPECIFIC CHARACTERISTICS OF OLFACTORY RECEPTOR NEURONS IN 
DEEPWATER FISHES FROM LAKE BAIKAL   

Klimenkov I.V., Pastukhov M.V. *, Kositsyn N.S.** 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

*A.P. Vinogradov’s Institute of Geochemistry SB RAS, 1a, Favorsky St., Irkutsk 664033, Russia   

**Institute of Higher Nervous Activity and Neurophysiology RAS, 5A, Butlerov St., Moscow, Russia  
iklimen@mail.ru  

Complicated behaviour of animals predetermining their food motivations, reproduction and social interrelations 
are attributed to their olfactory system. One of the important problems in neurobiology is the perception of 
chemical signals by receptor cells (Doty, 2003). Deciphering of functioning mechanisms of the animal 
chemoreceptor cells under conditions of different chemism of the environment and the impact of a wide range 
of hydrostatic pressures is very topical in the investigation of adaptive behaviour of hydrobionts. To reveal 
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cytological principles of stable functioning of olfactory neurons in animals adapted to chemoreception at 
different depths, we analyzed olfactory rosettes in two representatives of Baikal Cottoidei – big golomyanka 
(Comephorus baicalensis) and fat sculpin (Batrachocottus nikolskii) that inhabit different depths possessing 
specific strategies of their behaviour. Big golomyanka inhabits the pelagic part of Lake Baikal and performs 
vertical migration within the wide range of hydrostatic pressures. Fat sculpin inhabits the near-bottom layers 
from 120 m to maximal depths (Taliev, 1955). Thus, unlike golomyanka, fat sculpin is a benthic representative 
of Cottoidei and experiences constantly maximal pressures.  

Fat sculpin was obtained from a depth of 1140 m at Svyatoy Nos Peninsula from board the manned 
submersible “MIR-2” and lifted to the surface for 5 h. Big golomyanka was caught from 120 m near Listvyanka 
with an under-ice gill net and lifted to the surface for about 1 h. Olfactory rosettes were fixed according to the 
standard techniques and analyzed with a transmission electron microscope Leo 906E (“Zeiss”, Germany).  

It was very important to distinguish natural morphological peculiarities of olfactory cells in fishes from the 
alterations caused by hypobaric hypoxia as a result of their fast lifting to the water surface.  

Olfactory epithelium in fishes of both species consists of cells of three types: receptor, supporting and 
basal. Receptor cells of big golomyanka have a cleared matrix of cytoplasm and weak development of 
intracellular organelles that indicates reduced level of their metabolism. Chemosensitive neurons of fat sculpin 
consists of a more developed network of canals of endoplasmic reticulum with insignificant number of 
ribosomes, as well as clearly defined mitochondria and Golgi apparatus. According to ultrastructural criteria of 
estimation of physiological state of olfactory cells (Klimenkov, 1990), sensor cells of deepwater fishes were at 
low level of functional activity. This is likely to be attributed to low intensity of their chemostimulation under 
concrete conditions of their habitat. A well developed network of microtubules and neurofilaments is a 
characteristic feature of dendrites of receptor neurons in fishes under study. It was established earlier that 
elements of the cytoskeleton in other representatives of Baikal Cottoidei – sculpin Cottocomephorus grewingkii 
acquire structuring only during spawning in the coastal zone of the lake when the olfactory apparatus of fish 
perceives sex pheromones (Klimenkov, 1990). Intracellular cytoskeleton of receptor neurons in deepwater 
fishes under conditions of sensor deficit is a necessary component for maintenance of their morphological 
integrity during the whole cell cycle. Moreover, it was established that in fat sculpin the destruction of 
intracellular elements occurs in both receptor and supporting cells of olfactory epithelium during developing 
hypobaric hypoxia. Similar changes were observed only in chemosensitive cells of big golomyanka.  

Hence, it was for the first time shown that the level of structural development of olfactory cells in both 
littoral and abyssal fishes is strictly confined to the regime of hydrostatic pressures, chemism of aquatic 
environment and their way of life. The results obtained from model specimens under extreme conditions of their 
existence may be of great importance for understanding of fundamental mechanisms which provide stable 
functioning of neurons in animals under different conditions of their habitation.  
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ORIGINATION AND SPECIATION BY DISTANCE OF MOLLUSKS (BIVALVIA, UNIONIDAE) IN THE 
LAKES-REFUGE OF TRANSBAIKALIA 

Klishko O.K. 
Institute of natural resources, ecology and cryology of SB RAS, 16a, Nedorezov st., Chita 672014, Russia 

amelik2@mail.ru 

In one of close lakes (refuge) on the territory of Transbaikalye, in the past being a part of the Amur River basin, 
6 species of anodontine bivalves of the genus Amuranodonta (Bivalvia, Anodontinae), known in Far East, were 
recorded (Klishko, 2009). In other one – 9 species of mollusks of the genera Unio, Tumidiana, Crassiana 
(Bivalvia, Unioninae), known in Europe (Klishko, 2004; Klishko, 2006) have been found. The mollusk species 
found in Transbaikalye are sympatric populations of geographic isolates, dwelling in the periphery of disjunctive 
areas. The aim of the given paper is to found origination of mollusks in Transbaikalye refuges, associated with 
their distribution in the period of Pleistocene cataclysmic megafloods in Northern Eurasia, and possibility of 
speciation in close ecosystems.  

In accordance with the model of the latest reconstruction of the North Eurasia Late Pleistocene 
glaciations (Grosswald, 1999), there were two giant systems of continental drainage formed in dependence on 
the location of ice sheets, ice-plugging lower parts of the rivers, flowing into the Arctic Ocean and Pacific 
Ocean, and formed giant ice-dammed lakes. One of them – Transsiberian – had west pathway of the drainage 
along the barrier of the Arctic ice sheet from the Lena-Viluj lake into the Mediterranean sea, and also over the 
spillway into the Baltic sea hollow. The second one – Goby-Amur system – performed the east pathway of the 
periglaciaire drainage into the Sea of Japan, with integration of great Central Asian hollows – the Goby, West 
Mongolian, South Transbaikalian, Dzungarian, and Tarym. Its barrier of mountain-ice sheets extended over the 
diagonal from the Tien Shan to Chukchi Peninsula. Undoubtedly, both directions of the drainage had 
consequences perceptible in regional and global scales and played its role in biogeography.  

Habitation of typical Far-Eastern mollusk species in one of the Transbaikalye water bodies-refuge and 
traces of their distribution in the Amur-river basin, south of Primorye and Sakhalin island may be associated 
with the Goby-Amur drainage system and its backwater on the side of the Okhotsky ice sheet. Data on 
glaciations geography, without any neotectonic hypotheses allow explaining genesis of refuges and distribution 
of malacofauna on the pathway of the Goby-Amur drainage system. Habitation and uniqueness of specific 
composition of mollusks European species in the second of refuge on the territory of Transbaikalye may be 
explained either by their habitation in Transbaikalye, as in Siberia, up to Pleistocene glaciations (Popova, 
1981), or existence (although temporary) of water connection between Goby-Amur and Transsiberian systems 
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of melted flow as a result of Goby-Amur system reconstructions. Their clearly expressed traces are evidence of 
Middle Amur bend to south-west, to the Sungary and Lyaokhe valleys, and the Lower Amur – to back, over the 
Ussury valley, and also return of the portion of the Goby-Amur system flow subbasins into the Transsiberian 
one (Grosswald, 1999). Just so the combined habitation of European chironomids Propsilocerus paradoxus 
and P. akamusi, known in many lakes of eastern Asia (China, Japan), in Transbaikalye refuge (Petrova et al., 
2003) could to explain. 

With the use of classical approach and comparative analysis of conchological and morphological signs of 
mollusks, interspecific differences of sympatric populations from Transbaikalye water bodies-refuges have been 
revealed, and new species have been defined. The existing morphological differences of Transbaikalian 
populations of mollusk species from the area species are quite natural as well as formation of new species in 
the periphery of disjunctive areas. Biological importance of Transbaikalian Unionidae, lost genetic connection 
with Far East and European populations of species, is that they may present incipient species as geographical 
isolates. There is difficulty in determination of their independence in classical interpretation of the species 
“biological” concept due to absence of single compatible system Unionidae. For example, 9 comparatory 
species of Unio, Tumidiana and Crassiana genera, according to Russian system of Unionidae (Starobogatov 
et. al., 2004), in D. Graf report (Graf, 2007) are reduced to 3 biological species of Unio genus. Their genetic 
differentiation has been determined for north-west Europe (Källersjö et.al. 2004). In the system of foreign 
malacologists (with its hyper uniting approach) 17 species of Far East anodontine bivalves of Amuranodonta, 
Anemia, Buldowskia genera correspond to one species – Anodonta arcaeformis, widely spread in the south-
east part of the Palaearctic. There are no any data on molecular-genetic differentiation of Russia Unionidae 
with their super fractional generic and specific taxonomy. Just these data would allow determination of 
independence or conspecificity of morphological species from Transbaikalye and other Russia habitats. The 
revealed micro evolutionary processes and divergence level of mollusk populations investigated, completed 
molecular-genetic data, would allow estimating intraspecific polymorphism and speciation in geographical 
isolates in close refuge ecosystems. Their phylogenetic relations with species from areas would clarify 
origination and distribution of Unionidae in Transbaikalye related to the Pleistocene systems of the continental 
drainage. 
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BIOLOGICAL DIAGNOSTICS AND ESTIMATION OF ECOLOGICAL CONDITION OF BOTTOM 
INVERTEBRATES 

Klishko O.K., Berdnikov N.V.* 
Institute of natural resources, ecology and cryology of SB RAS, 16a, Nedorezov st., Chita 672014, Russia 

*Institute of tectonics and geophysics FEB RAS, 65, Kim Yu. Chen Street, Khabarovsk 680063, Russia 
amelik2@mail.ru 

Intensification of anthropogenic pollution of natural basins requires an effective estimation of biota condition in 
water ecosystems. Ions of heavy metals (HM) are most dangerous for hydrobionts. They are very toxic and 
cumulative. Bottom invertebrates (BI) react most adequately from hydrobionts on variations of HM 
concentration in environment (Nikanorov et al., 1985). In their vital functions, BI collect in their tissues high 
concentration of chemical elements including potentially toxic HM. This allows using them for biogeochemical 
diagnosis and estimation of ecological condition of hydrobionts in water with gradient of HM. Aim of this study is 
a potential of biogeochemical diagnosis of BI in basins with different level of anthropogenic pollution to show. 

Transboundary distance of Middle Amur River, pounds and streams in the basin of Upper Amur River, 
which have low, moderate, and high level of technogenic pollution, have been investigated. Accumulation of 
HM (Fe, Mn, Zn, Sr, Cu, Ni, Cr, Pb, Co, Cd, Hg) was determined by ICP-MS in water and in tissues of filterers: 
blackfly (Simuliidae), mussel (Margaritiferidae, Unionidae, Anodontinae), and of detritophages: caddis 
(Trichoptera), chironomids (Chironomidae), gastropods (Gastropoda).  

Accumulation of HM in animal tissues depends on their concentration in environment, on properties of 
HM, and on feature of their interaction in cells. Herewith, the concentration volumes of HM in tissues did not 
show a toxic level of their accumulation. Many HM are vitally necessary entering into the composition of 
enzyme systems, and catalyze metabolism in cells. In the case of low concentration of HM in environment, their 
accumulation level in BI tissues is determined by physiological necessity of species, sex, size, age or stage of 
metamorphosis. In the case of high concentration of HM in environment, BI accumulate their overabundant 
toxic volume, which is determined by high coefficient (EC) of enrichment of tissues in relation to Fe, and low 
intensity of their accumulation (IA) (Klishko et al., 2007). Relation EC/IA is accepted as the indicator of 
bioaccumulation (IB), which results the complex and multicomponent relationship of HM in cells during 
accumulation. Under high concentration of HM in environment, BI show different features of morpho- and 
anathomopathology. Connection of IB with pathology (frequency in populations) determined as a coefficient of 
conjugacy (CC) (Lakin, 1990), and taken into account in estimation of ecological condition of BI. Generalization 
of data on bioaccumulation of different species and groups of BI is resulted in creating and to calibrating the 
scale of IB (Klishko, 2009). This scale allows estimating effectively a level of HM accumulation in BI, which 
corresponds to their ecological condition and to the level of environmental pollution. In addition, biogeochemical 
diagnosis of BI reveals species, animal organs, size and age groups or developing stages, which are most 
sensitive to toxic pollution (bioindicators), and allows determining chemical elements, which accumulation in 
organism is most dangerous. Average volumes of HM concentrations in populations of investigated BI, features 
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of their bioaccumulation, and IB in gradients of environment, and also their ecological state (ES) are shown in 
the table.  
 

Taxon HM in environment, 
mg/l, mg/kg 

HM in 
tissues, 
g/kg 

EC IA IB ES  

*Simuliidae Prosimulium (larvas) 0.16-0.21 2.0-8.1 8-14 25-51 0.27-0.31 S 
Trichoptera (larvas) 
*Rhyacophila  sibirica 
*Brachicentrus americanus. 

0.17-0.25 
0.16-0.24 

1.7-15.6 
3.1-6.1 

10-37 
15-28 

77-106 
72-135 

0.13-0.35 
0.21-0.21 

S 
S 

*** Rh. sibirica1 (imago) 
***Br. americanus2 (imago) 

0.67-1.32 

1.13-2.19 
0.5-0.6 
3.0-6.1 

6-10 
48-60 

– 
– 

0.65-0.81 
2.91-3.51 

S–U 
U–D 

***Gastropoda 
Amuropaludina praerosa1 

A. chloantha2 

 
0.64-0.97 
1.13-1.42 

 
3.1-14.2 
1.2-1.7 

 
59-103 
110-183 

 
83-131 
99-79 

 
0.71-0.79 
1.12-2.33 

 
S–U 
U 

Chironomidae 
**Ch. plumosus (larvas-
chrysalises) 
**Propsilocerus. akamusi (larvas) 

 
1.13-1.45 
0.97-1.22 

 
4.6-6.8 
5.2-7.4 

 
19-26 
25-32 

 
11-12 
15-14 

 
1.71-2.18 
1.68-2.31 

 
U 
U 

Bivalvia  
***Nodularia amurensis1 

***N. amurensis2 

**Unio pictorum 
**Unio tumidus 

 
0.29-1.56 
1.19-1.35 
1.17-1.26 
1.19-1.35 

 
2.6-5.7 
6.5-16.4 
11.1-16.4 
2.2-6.5 

 
12-16 
29-10 
14-16 
18-42 

 
58-40 
11-14 
10-12 
16-25 

 
0.21-0.41 
2.63-0.67 
1.41-1.32 
1.06-1.71 

 
S 
N–D 
D 
D–N 

**Amuranodonta  0.08-0.11 3.2-40.4 96-119 240-216 0.37-0.55 S 
**Dahurinaia transbaicalica 0.07-0.09 16.4-18.6 22-23 231-225 0.08-0.09 S 

Notes: *rivers and **pounds of Upper Amur basin, ***distance of Middle Amur upstream1 and downstream2 of Sungari 
River; S – safe, U – unfavourable, D – dangerous, N – nociceptive.  

: * –  ** – , *** – . 1  
. 2;  – ,  – ,  – ,  – .  
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LAKE BAIKAL AS A NATURAL LABORATORY TO STUDY BIODIVERSITY AND EVOLUTION   
Mamkaev Yu. V. 

Zoological Institute RAS, 1, Universitetskaya Nab., St.-Peterburg 199034, Russia 
morphol@zin.ru  

Baikal formed as a great graben lake, voluminous and very deep, provided new specific ground and water 
habitats, vacant niches for colonization. The colonizers originated from numerous animal and plant groups 
inhabiting the neighboring water bodies. All of them were hotspots of biodiversity exhibiting wide range of 
speciation patterns. Thus, Baikal alongside with other similar water bodies has been recognized as a giant 
center of biodiversity that presented the researchers with novel ideas on evolution and allowed to gain new 
insights into fundamental evolutionary problems. The following issues will be focused on during this 
presentation:  
1) Correlation of random and regular evolutionary processes;  
2) “Creative role” of organisms in the course of evolution (that is conventionally referred to the natural 
selection);  
3) “Creative role” of morphogenetic mechanisms in the evolution.  

The need to discuss these aspects is urgent since it might highlight the principal evolutionary problem, 
what is natural selection and enable the biologists to solve the dilemma: advance the fundamentals of the 
Darwin’s theory or substitute it for some nomogenetic concepts.  

We suggest a morphological approach to the Darwin’s theory (selectogenesis). Comparative studies of 
Lake Baikal show that evolution of forms is confined to certain regularities revealing particular variability ranges. 
For instance, speciation of planarians in lakes Baikal, Ohrid, Caspian Sea and the Caucasian waters is 
illustrative of morphological parallelism (evolution of copulative and sessile organs, pharynxes and 
photoreceptors). The structural patters of organisms are considered important for the evolution. These 
peculiarities define the morphological and functional potentials and delineate their dimensional range. A vivid 
example of this is provided by a connective-tissue-muscular constructive type characteristic of triclads, 
polyclads, cestodes and nemertines. Their musculature becomes multi-row and multi-layer separated into 
muscle bundles, constituting most of the body; parenchyma evolves as connective tissue.  As a result, they may 
attain a very large size. Comparison of the Baikalian planarians with common freshwater species presents a 
clear example of their tendency toward gigantism with a morphological background.  

A possibility of adaptive related variations grows with the extension of natural evolutionary laboratories, 
such as Lake Baikal, and units undergoing evolution.  Natural selection (choice!) is competition free when 
organisms colonize new habitats. For instance, colonizers of Baikal demonstrate a wide divergence range 
occupying vacant ecological niches.  

Morphogenesis results in particular sets of “neutral” versions that are most clearly seen by the example of 
kalyptorhynchian turbellarians with their plentiful stylet variations.  However, such “neutral” variations could 
serve a basis for evolutionary inventions, because there are no “unnecessary” traits. “Neutral” traits are of great 
evolutionary significance, since they make up potentials for further adaptation. The wider is the choice of such 
“spare parts”, the greater are evolutionary potentials.  

Natural selection is regarded an interaction between social systems (populations, ecosystems, 
biogeocenoses) and their constituent organisms. Populations and biogeocenoses impose requirements on the 
organisms, following the regularities of their constitution. The organisms, in their turn, affect the ecosystems as 
well in accordance with their morphofunctional role. An extended formulation of a natural selection concept 
suggests competition as a version of the natural selection mechanism.  

According to A.L. Takhtadgyan (1998), the concept of natural selection may be generally conceived as a 
universal regulatory mechanism (trial-and error method) efficient in any system. He formulated the concept of 
selection as a concept of differential conservation of sustainable forms.  

Synthesis of the Darwin’s theory (selectogenesis) and morphology would bring further advances 
in the theory of the evolution.  
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BAIKAL GOLOMYANKAS (COMEPHORIDAE): AGE AND SIZE STRUCTURE AND DISTRIBUTION 
Mamontov A.M.*, Sorokovikov A.V.*, Mamontov A.A.**, Yakhnenko M.S.***, Kotov A.N.* 

*Limnolog Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
** A.P. Vinogradov’s Institute of Geochemistry SB RAS, 1a, Favosrsky St., Irkutsk 664033, Russia  

***Irkutsk State Technical University 83, Lermontov st., Irkutsk 664074, Russia 
mamontov@lin.irk.ru 

Viviparous golomyankas, big – Comephorus baicalensis (Pallas, 1776) and small - C. dybowski (Korotneff, 
1905) belong to a single youngest and most numerous group of fish inhabiting all depths of Lake Baikal. Their 
appearance is related to the formation of the abyssal zone of the lake and emergence of the food web in its 
pelagial. However, natural spawning grounds of the cottoid fish (Cottoidei) giving rise to numerous future 
generations already disappeared. The only way to occupy a new vacant deep-water niche was internal 
fertilization and carrying eggs inside of the female’s body. Small golomyanka pioneered such reproduction 
(Chernyaev, 1971). Still, realization of such a grandiose “natural project” aimed at introducing life forms into the 
abyssal zone required presence of other species to regulate their number, i.e. big golomyanka. In spite of the 
close morphobiological (Taliev, 1955) and genetical (Slobodyanyuk et al., 1994; Kirilchik et al., 1995; Teterina, 
2008) relashionship, this species has marked distinctions: big telescopic eyes, alternating body colors and 
enhanced fat accumulation in maturing species. The development of embryos is partially supported by the 
female that facilitates yield of an offspring larger in size, but smaller in number (Chernyaev, 1971, 1974). These 
are indications of an alternative behavioral response of big golomyanka. 

It is conventionally assumed that the golomyankas are dispersed in the lake, “soar” in the water column 
and migrate following the currents (Koryakov, 1964). Using deep-water fishing gear for simultaneous catch of 
golomyankas from all water layers, allowed us to observe active redistribution of fish in the water column as a 
result of generation processes (Mamontov et al., 2004). Small golomyankas produce their offspring during the 
first half of a year, and the big one – the second half. In general, they divide a year into two halves (Koryakov, 
1964) and “lend” the spawning grounds to each other. Separation of the spawning periods is related to 
exclusion of competition (Koryakov, 1964), and, probably, to initiation of a predatory form and filling the niches. 
Bearing in mind that the water temperature and food composition were mostly constant, we supposed that the 
golomyankas’ growth was stable providing the basis for estimation of the fish age by their sizes. But this was 
not the case. The size composition of fish from the open parts of Baikal was generally incomplete.  

Analysis of the golomyanka catches from different regions showed that during ontogenesis the habitats of 
the majority of the fish gradually changed from the pelagial of open Baikal at the largal stage to underwater 
elevations during juvenile concentration. It should be noted that the shallow-water zones with 150-200 m 
depths were not common habitats of golomyankas. They return to the deeper parts for maturation and 
spawning. It is illustrated in the Fig. 1 showing quantitative composition of the fish (BG – big golomyanka, MG – 
small golomyanka) caught in open water during lake freezing. MG is mainly represented by mature specimens, 
BG – by the specimens at the 2nd fattening stage (left peak) and specimens at the pre- and post-spawning 
stage (right peak). Summarized data on the distribution of all size-age groups is schematically presented in Fig. 
2, showing quantity peaks of fish from various regions of Southern Baikal. The first peak represents 
respectively the yearlings of big golomyanka and the two-year-old small golomyankas. In size groups, deviation 
of age from the fish abundance peaks is brought about by their non-simultaneous maturation which grows 
among mature specimens after repeated release of the fry. In Fig. 2, the fish quantity does not correspond to its 
absolute values measured in the lake, but reflects the predominance of a particular size group in the catches. 

The results obtained suggest that quantity peaks of specimens within the size-age groups of each fish 
species are involved into their overall distribution without considerable overlapping, especially among females 
that are large in number in golomyankas.  
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Fig. 1. Sizes of golomyankas caught by means of special traps 
during 2002-2004 in Southern Baikal. N = 9930 specimens. Length 
of fish (AD) – up to the caudal fin (  

Fig. 2. Summarized size structure of fish in total catches of 
golomyanka in Southern Baikal, 2002-2004. N = 6989 specimens 
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NEMATODE FAUNA OF THE LAKE BAIKAL - STATE-OF-THE ART AND PROSPECTS IN RESEARCH  
Naumova T.V.*, Gagarin V.G.** 
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Nematodes, a plentiful and diverse group of invertebrate animals, are considered an important and inevitable 
constituent of meiozoobenthos inhabiting a wide variety of depths and grounds of Lake Baikal. According to 
G.L. Okuneva (1970 a,b; 1974 a,b; 1982), nematodes make up dense populations on the grounds from the 
water edge to 300 m depth. The share of nematodes in total number of samples from a biotope generally does 
not drop below 80%. 

First records of free-living Baikal nematodes were made by G.Yu. Vereshchagin (1926, 1940 b) and 
M.M. Kozhov (1962), but the species composition remained unknown. S.Ya. Tsalolikhin contributed much into 
Baikal nematode research, who published a series of papers (Tsalolikhin, 1972, 1974, 1975, 1976 a,b; 1977 
a,b,c) and  a monograph “Free-living nematodes of Baikal” (1980) including the description of 34 nematode 
species, 25 species and 6 genera of them were new for science. Further investigations of Baikal nematodes 
were performed by F.M. Batalova (1983) and A.V. Shoshin (1988, 1989, 1991, 1998 a,b, 2001), A.V. Shoshin 
and S.Ya. Tsalolikhin (2001) compiled a most comprehensive list of Baikal nematodes, including 56 species 
from 22 genera. A new Baikalian tobrilid genus was described by A.A. Shoshina later (Shoshina, 2003). 
Judging by the current literature data, Lake Baikal is inhabited by 57 species of free-living nematodes belonging 
to 7 orders, 11 families, 23 genera (Gagarin, 2003; Shoshin, Tsalolikhin, 2001; Shoshina, 2003), 48 species, 
i.e. 84% of the nematode fauna – Baikal endemics. 

Recent studies carried out by the authors during 2009 have led them to discovery of 10 species new for 
science and several novel findings (Gagarin, Naumova, 2010, Gagarin, Naumova, in press). Peculiar and 
abundant Baikal representatives of the genus Hofmaenneria Gerlach et Meyl, 1957 as well as the genus 
Eumonhystera Andrassy, 1981, were described for the first time. Prof. T.Ya. Sitnikova discovered a bitumen-
associated biotope, including new nematode species confined to oil seepage localities – Monhystera naphthera 
Gagarin et Naumova, 2010 and Eutobrilus sp.n. 

Nematodes of Baikal are mainly represented by Tobrilidae, Monhysteridae, Diplogasteridae families and 
investigation of these animals is essential in understanding their morphological evolution and phylogeny. Baikal 
endemics are widely distributed throughout the lake and are common in shallow bays and creeks. Some of 
them are found elsewhere in different water bodies of East Siberia (Gagarin, 1991a,b, 1993, 1997, 2001, 2003; 
Gagarin, Erbaeva, 1983, 1984; Naumova, Gagarin, Timoshkin, 2010).  

According to conservative preliminary estimates, approximately 10% of the total number of Baikal 
nematodes has been studied so far. However, taxonomic examination only would require continuous efforts of 
many researchers. It is evident that present nematode system as well as the ideas on the origin of Baikal fauna 
will be subjected to revision on the basis of new information obtained. Moreover, data on nematode ecology are 
fragmentary, physiology, feeding and life cycles, karyotypes and molecular-biological aspects of Baikal 
nematodes remain unclear. All these issues await further investigation. 

This work was supported by a RFBR Grant  09-04-00781, Integration Project of SB RAS  49, 27, Program of 
RAS Presidium  20.9 and State Projects  VII-62-1-4. 

 –  
 

.*, .** 
*  ,3, ,  664033,  

** . , ,  

 – , .  
 

. .  (1970 ; 1974 ; 1982): «  
,  300 .  

 80% ».  
 

.  (1926, 1940 ), .  (1962), . 
. ,  

 ( , 1972, 1974, 1975, 1976 ; 1977 )  
» (1980),  34 ,  25  6 

. .  (1983)  
.  (1988, 1989, 1991, Shoshin, 1998 , , 2001).  

. .  (2001),  56  
 22 . , .  (Shoshina, 2003).  

,  57  
,  7 , 11 , 23  ( , 2003; , 

, 2001; Shoshina, 2003); 48 , . 84 %  – . .  
 2009 .  

 10  
 ( , , 2010, Gagarin, Naumova, 2010,  

).  Hofmaenneria Gerlach et Meyl, 1957  
Eumonhystera Andrassy, 1981 .  



 36 

. . ,  
 – Monhystera naphthera Gagarin et Naumova, 2010  Eutobrilus sp.n.. 

. Tobrilidae, 
Monhysteridae, Diplogasteridae.  

.  
,  

.  
 ( , 1991 , 1993, 1997, 2001, 2003; , , 

1983, 1984; , , , 2010).  
,  

10% .  
. ,  

,  
. , ,  

, ,  
.  

.  
 09-04-00781,  

 49, 27,  20.9,  VII-62-1-4. 

PRESENT-DAY LEVELS OF ACCUMULATION OF PCBs IN BAIKAL OMUL AND BAIKAL SEAL 
Nikonova ., Dzyuba Ye.V., Gorshkov A.G. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
alenaxis@list.ru 

In water bodies polychlorinated biphenyls (PCB) are sorbed on suspended particles, accumulate in bottom 
sediments, bacterio- and zooplankton, incorpotate into trophic chains of hydrobionts and accumulate in tissues 
attending maximal levels at representatives of highest parts of food chain. 

Baikal omul Coregonus migratorius (Georgi, 1775) is related to a valuable commercial fish species. PCB 
identification in muscle tissue of Baikal omul from near bottom – deep water morphoecological group (2006–
2007) showed that the levels of accumulation of these compounds are within 20–40 ng/g of raw weight or 800–
3500 ng/g of lipids. PCB income in the organism of Baikal omul occurs mainly with food, its base is 
macrohectopus (Macrohectopus branickii) (70–100% by food unit mass). PCB accumulation level in 
macrohectopus is estimated as 20 ng/g of raw weight (Kucklick et al., Environmental Toxicology and Chemistry, 
V. 15 N. 8, P. 1388–1400, 1996). It results in similarity of qualitative composition and of levels of PCB sum 
accumulation in these biological specimens. PCB concentrations found in omul are up to 10 times lower than in 
representatives of herrings (Clupeidae) in Baltic Sea and in Atlantic Ocean (Atuma et al., Chemosphere, P. 
2451–2457, 1982), and up to 3 times lower than maximal allowed concentration for commercial fishes.  

Baikal seal Phoca sibirica is the only mammalian species in Lake Baikal, this is the highest part of trophic 
chains in this water body. Seal nutrition is based mainly on pelagic and near-bottom pelagic sculpins species 
(small Com phorus dybowski and big . baicalensis golomyankas, long-wing Cottocomephorus inermis and 
yellow-wing C. grewingkii bullheads), as well as all accessible for it fishes species inhabiting the lake. Amont 
them there are valuable commercial species such as Baikal omul, as well as whitefish and grayling (Petrov, 
Smirnova, 2008). 
The fat of Baikal seal accumulates PCB in significant amounts which are estimated now from 7000 to 22000 
ng/g of lipids. Average level of accumulation in Baikal seal is up to 13 times higher than in seals inhabiting 
background areas of the world (Arctic), but up to 20 times lower in comparison with seals from Baltic Sea. 
Minimal level is 7000 ng/g lipids, it is comparable with one in Greenland seal Phoca groenlandica inhabiting 
Gulf of St. Lawrence and up to 3 times lower than in a gray seal Halichoerus yrypus grypus (Western Atlantic 
population) inhabiting Sable Island situated in Atlantic Ocean near Eastern coasts of the Northern America 
(Kucklick et al., Environ. Sci. and Technol, V. 28,  1. P. 31–37, 1994).  

Taking into account decrease of the level of atmospheric pollution at Baikal natural territory with 
polychlorinebiphenyls up to 10 times since 1994, as well as a relatively low accumulation of these compounds 
in Lake Baikal bottom sediments (0.8–4 ng/g) and in its tributaries on its southern coast (0.5-2.1 ng/g), 
comparatively high levels of PCB accumulation in seal and omul can be explained by a high stability of these 
compounds which accumulated in Lake Baikal water ecosystem before. 
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PRESENT-DAY LEVELS OF PCB ACCUMULATION IN BAIKAL OMUL DURING  
FEEDING AND SPAWNING PERIODS 

Nikonova ., Smolin I.N, Dzyuba Ye.V., Gorshkov .G. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

alenaxis@list.ru 

The level of polychlorinated biphenyls (PCB) accumulation in hydrobionts is one of indicators of water bodies 
pollution with these superecotoxicants. The fishes accumulate PCB at all the stages of their life cycle. This 
ability increase with age and is related often to their fatness. Depending on species ecological peculiarities, its 
feeding and behavior, PCB can income to organisms with food, from water and from bottom sediments. While 
estimating pollution degree, it is necessary to take into account that together with bioaccumulation, processes 
of PCB biodegradation and elimination are probable, their mechanisms are not studied for Baikalian fishes for a 
while. Baikal omul is a valuable commercial species and is one of central parts in Lake Baikal trophic chain. To 
analyze feeding and to determine PCB levels in Baikal omul Coregonus migratorius (Georgi, 1775) from 
Posol'sk population, the material was sampled during feeding (May – June) and spawning (October) periods. 
Materials on fishes feeding were treated according to standard quantitative-weight methods (Manual …, 1961). 
Samples prepare and PCB identification were done according to an adapted method (Nikonova, Gorshkov, 
2007). 

Food spectrum of Baikal omul during feeding period is represented by a rather large group of organisms: 
macrohectopus (Macrohectopus branickii), small golomyanka (Comephorus dybowski); bottom amphipods ( . 
Eulimnogammarus), shell crustaceans (Cytherissa lacustris baicalensis, Pseudocandona setosa) and insects 
belonging to different orders (Hymenoptera, Homoptera, Aphididae, Lepidoptera, Diptera, Hemiptera). Up to 
age of 10 years, omul eats mainly macrohectopus (70–100% by mass). Fraction of bottom amphipods and air 
insects in omul feeding does not exceed 5 and 20%, respectively. In the food of elder age groups of Baikal 
omul fish dominates (50–85%). 

During feeding period, we found PCB in muscle tissue of specimens aged 1–7 years with concentrations 
within 20-40 ng/g of muscles at mean PCB content 30 ng/g muscles or 2 mcg/g calculated by lipids. During 
spawning period, PCB were found in muscle tissue of elder fishes (8–12 years old) in the amount from 50 to 60 
ng/g of muscles. It is noticed that PCB accumulation in muscle tissue of specimens aged under 7 is characterized 
by abrupt variations from its mean value (± 30%) in difference of specimens which are >8 y.o. Probably, this can 
be explained by peculiarities of fishes feeding. Significant increase of PCB accumulation in Baikal omul aged >7 
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y.o. Is not noticed, probably, this is due to partial elimination of these compounds with sexual products during the 
spawning. 
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Fig. 1. Levels of PCB accumulation in omul muscles (ng/g) depending on age peculiarities of food spectrum of Baikal omul 
of near-bottom deep-water morphoecological group. Organisms as food:  - macrohectopus;  - macrohectopus and 
fish;  - macrohectopus, insects and bottom amphipods;  - macrohectopus and insects;  - fish (  
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THE COMPARISON OF ELEMENTAL COMPOSITION OF TWO AMPHIPODS SPECIES  

OF BAIKALIAN ORIGIN FROM DIFFERENT AREAL SITES 
Paradina L.F. *, Natyaganova .V. *, Kamaltynov R. . *,Chuparina Ye.V. **, Sokol’nikova Yu.V. ** 

* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
**Institute of Geochemistry of RAS SB, Favorsky st., 1 , 664033, Irkutsk, Russia 

paradina@lin.irk.ru 

The evolutional history of Lake Baikal amphipods at global climate changes in ecology can be specified by 
studying forms which migrated in ancient period from Lake Baikal ot the Angara and Yenisey Rivers. Maximal 
migrants amount inhabits the Angara R., therefore it is supposed that maximal amount of their specimens 
changed by evolution is kept there. In this report we present the result of identification of  52 chemical elements 
(from Li to U) in 2 littoral species of amphipods of Baikalian origin: Eulimnogammarus verrucosus (Gerstfeldt, 
1858), Eulimnogammarus vittatus (Dybowsky, 1874).  

The amphipods were sampled at the depth of 0.5-1.0 m in near-shore zone of Lake Baikal (Goloustny 
Cape) and in Angara R.: Irkutsk city, 69 km from the outlet (July-October, 2007), Bratsk, Ust’-Ilimsk, Kodinsk 
cities (July, 2008). The animals were kept for 3 days in distilled water at the temperature of 4 , then 
thoroughly cleaned from remained mineral particles, , homogenized. 

The study of amphipods elemental composition was performed on the base of a set of destructive and 
non-destructive analysis method: inductively coupled plasma mass-spectrometry (ICP-MS), X-ray fluorescent 
analysis (XRFA), atomic absorption ( S), spectrophotometry (SPH), flame photometry (FPH). For the 
methods listed, we developed ways of samples prepare and determined their metrological characteristics. 
Relative standard deviations for all elements near the detection limit did not exceed 0.30. The correctness of 
the results obtained was checked by method of additions using a standard sample of composition of a perch 
(BOk-2). 

The comparison of the chemical composition of amphipods E. verrucosus and E. vittatus sampled in 
different parts of areals showed that Baikalian representatives accumulate more Li, Na, Ca, Sr and U than the 
Angara R. inhabitants. The males of both species in comparison with mature females are characterized by 
higher ash content and contain more Na, K, Ca, Fe, Sr, Ba.  

The revealed differences suggest that in the amphipods studied there are sexual differences in chemical 
elements accumulation, and geochemical factors play an important role in species variability at widening of 
their areals.  

The work is supported by RFBR grants NoNo 07-04-01410, 10-03-01135.  
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THE PECULIARITIES OF CHEMICAL ELEMENTS DISTRIBUTION IN BAIKAL  
SPONGE Lubomirskia baicalensis 

Paradina L.F. *, Nikulina I.G. *, Pavlova L. . **, Chuparina Ye.V. **, Semiturkina N. . **, Suturin .N. * 
*Limnological Institute of RAS SB, Ulan-Batorskaya st., 3, 664033, Irkutsk, Russia 
**Institute of Geochemistry of RAS SB, Favorsky st., 1 , 664033, Irkutsk, Russia 

paradina@lin.irk.ru 

Data on the elemental composition of biota inhabiting Lake Baikal gives an important information on the state of 
water ecosystem in general, on processes of migration and transformation of chemical elements. For 
ultraoligotrophic lakes such as Lake Baikal, the income of biophil elements only from water environment is 
limited. Stony material of a freshwater body can serve as a nutrition source for benthic organisms. Under Baikal 
water impact, the process of rocks decomposition is more intensive than on the surface. Moreover, there is 
biological weathering which suppose physical and chemical changes in the rocks and minerals under the 
impact of hydrobionts and of products of their life activities. Systematized data on bioaccumulation and 
bioaccessibility of macro- and microelements in Lake Baikal ecosystem are practically unavailable. Taking into 
account the importance of obtaining of such data, study of microelements distribution in Lake Baikal benthic 
organisms is started. 

In this work using a sponge Lubomirskia baicalensis Pallas 1771, we studied the dependence of biogenic 
elements and microelements content on the sponge age, microelements distribution in the chain "stony 
substrate - sponge", as well as elemental composition of skeleton and symbiotic organisms (green micro-algae 
Chlorella, bacteria) of a sponge. Sponges chemical composition is determined using a set of destructive and 
non-destructive method of analysis: inductively coupled plasma mass-spectrometry (ICP-MS), X-ray fluorescent 
analysis (XRFA), electronic probe micro-analysis ( ). The samples of near-bottom water and of rocks 
inhabited by sponges are taken on a stony littoral (Southern Baikal, Beryozovy Cape, Bol'shiye Koty settl.) 
during different seasons in 2006-2008. 

Accumulation and distribution of 28 elements (Li, Be, B, Mg, Al, Ca, Sc, Ti, V, Mn, Co, Ni, Cu, Zn, Rb, Sr, 
Y, Nb, Mo, Cd, Cs, Ba, La, Ce, W, Pb, Th, U) in sponges, stony substrate and near-bottom Baikal water is 
determined by ICP-MS method. The measurements were performed with instruments PlasmaQuad PQ2+ 
(Thermo Elemental), Agilent 7500 (Agilent Technologies).  

We studied by  method: contact of sponge with stony substrate, biological weathering of minerals 
caught by a sponge, elemental composition of sponge skeleton and of its symbionts. The studies were 
performed using an X-ray spectral micro-analyzer Superprobe-733 (JEOL Ltd) equipped with wave-vector 
spectrometers with christal-analyzers TAP, LiF, PET and with an energy dispersion spectrometer Sahara 
(Princton Gamma-Tech Ltd). Relative standard deviations for all the samples analyzed varied within (%): Na2O 
– 0.31 2.91; MgO –  0.43 1.75; Al2O3 – 0.29 2.41; SiO2  –  0.12 2.31; K2O – 0.44 2.01; CaO – 0.37 1.92; 
TiO2 – 0.85 2.17; Cr2O3 – 0.70 2.26; MnO – 0.73 2.61 and FeO – 0.44 2.81. 

To verify the dependence of elemental composition of Lubomirskia baicalensis on environment and age, 
the method of XRFA is used. The analysis was performed with a spectrometer S4 Pioneer (Bruker). The 
content of such elements as Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Ba was 
determined by methods of external standard and background standard, as well as with regression equations. 

According to the results obtained, on a stony littoral of Lake Baikal a complex interaction of stony material 
and Baikal water with active participation of benthic hydrobionts occurs. Simultaneously with rock hydrolysis 
process, the attached invertebrates extract from the stony substrate minerals, accumulate in themselves a 
large spectrum of macro- and microelements modifying the surplus into a solution. The character of chemical 
elements accumulation depends on the biological peculiarities of an organisms and on chemical composition of 
the environment. With age, accumulation of biogenic elements (Na, Mg, Al, P, S, K, Ca) and of some 
microelements (Rb, Sr, Mo, Cd, Ba) in sponge tissues is observed. In zoochlorella such elements as Mg, P, S 
are concentrated. Silicon is concentrated in sponge spicules. Studies of heavy metals distribution in the system 
"water – stony - sponge" allows not only follow the metals cycle in natural waters but also to state the 
regularities of transition along this chain. 

The work is done in the framework of the topic No  7.9.1.3 «Impact of landscape-environmentl factors onto 
formation of biodiversity, unique comunities and speciation processes in Lake Baikal shallow-water zone» and supported by 
RFBR grants NoNo 09-05 01139, 10-03-01135. 
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MODES OF SPECIATION IN PALEARCTIC COREGONIDS 
Politov D.V., Baldina S.N., Gordon N.Yu. 
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The status, origin and genetic relationships of coregonid fishes (Coregonidae, Salmoniformes, Teleostei) of the 
Europe, Siberia and the Russian Far East are under debate for decades. We reviewed taxonomic positions and 
phylogeography of most species and intraspecific forms of Palearctic coregonids based on available own and 
literature molecular and morphological data. By comparison of mtDNA and allozyme phylogenies we supposed 
that the currently observed divergence of the group was in most cases characterized by complex interaction 
between divergent and reticulate evolution taken that hybridization and especially introgression between 
species and sympatric ecological forms plays significant role. Most differentiated from other species are 
representatives of the genus Prosopium, particularly Eurasian species round whitefish P. cylindraceum and 
pygmy whitefish P. coulteri. The inconnu Stenodus leucichthys is relatively distant from species of the genus 
Coregonus but its divergence is comparable with those within the group of whitefishes and ciscoes of the latter 
genus. Within Coregonus several lineages were observed not corresponding to traditional subgenera 
Coregonus and Leucichthys. Lake Baikal coregonids including Baikal omul, Baikal lake whitefish, Baikal lake-
riverine whitefish take basal position in the median network of mtDNA haplotype. Two species of the Amur R. 
basin Ussuri cisco C. ussuriensis and chadary whitefish C. chadary are genetically related to the Baikalian 
coregonids. From this putatively ancestral for the genus Coregonus Baikal complex one lineage leads to the 
Arctic cisco C. autumnalis with its North American relatives C. laurettae and C. artedii. Most distant from Arctic 
cisco complex by both allozymes and mtDNA is another Palearctic cisco clade comprising closely related 
vendace C. albula, least cisco C. sardinella, peled C. peled and Penzhina cisco C. subautumnalis (a species 
from the Sea of Okhotsk basin formerly considered closely related or synonymous to the Arctic cisco). 
Whitefishes, e.g. Coregonus with lower mouth are genetically intermediate between the least cisco clade and 
Lake Baikal coregonids. Broad whitefish is distinct in mtDNA and moderately differentiated in allozymes. 
Widespread Siberian whitefish (C. pidschian) is poorly differentiated from plankto-bentophagous multi-rakered 
muksun C. muksun both in allozymes and mtDNA. Two sympatric whitefish forms of the Anadyr River (Bering 
Sea basin), ‘humpback’ (C. pidschian) and endemic ‘sharpnose’ C. anaulorum possess typical Siberian 
whitefish haplotypes and haplotypes of the unknown lineage moderately related to the Baikal complex. In 
pidschian-like whitefishes of upper reaches of the Ob’ (Lake Teletskoe) and Yenisei (lakes and rivers of Todzha 
Valley, Republic of Tyva) several specific mt-haplotypes and unique of non-typical for Arctic Sea pidschian 
alleles are observed marking therefore a ‘southern’ gene pool. In lower Yenisei R. these alleles can also be 
traced at low frequencies. In general, taken specific external morphology in pairs of sympatric species 
(Coregonus spp. from lakes Baikal, Teletskoe, Baunt, Oron, rivers Amur, Anadyr) all these forms are much 
closer genetically within their waterbodies This assumes their origin under sympatry or parapatry as well as in 
most cases recent and/or incomplete cease of gene pool between them. Numerous molecular evidences of 
hybridization and introgression make us to consider reticulate scenarios of evolution as probable and putatively 
widespread in coregonids. Genome duplication due to allopolyploid origin of salmonoid fishes, undeveloped 
pre- and post-mating isolation mechanisms, and sympatric distribution of many coregonid species (including 
use of common spawning sites) in the past and at present are considered as factors promoting appearance of 
the hybrids. During periods of slow “coherent” evolution hybrids are putatively involved in backcrossing with one 
or both parental species which makes difficult their identification and classification. This process of uni- or 
bidirectional gene exchange increases adaptation potential of coregonid populations. Unstable environment 
during “non-coherent” evolution related to serious rearrangement of ecosystems creates new ecological niches 
and promotes reticulate evolution with fast separation of new forms and development of mechanisms of full or 
partial isolation from ancestral species.  

The study is supported by Russian Foundation for Basic Research grant 10-04-01757-a, by Programs of 
Fundamental Research by Presidium of RAS “Biodiversity and Gene Pools’ and ‘Biosphere Origin and Evolution of Geo-
Bioecological Systems’ and by Division of Biological Sciences of RAS ‘Bioresources of Russia’. 
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SPECIATION OF ENDEMIC CHIRONOMIDS OF THE GENUS SERGENTIA KIEFF. (DIPTERA, 
CHIRONOMIDAE) FROM LAKE BAIKAL 

Proviz V.I. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

proviz@lin.irk.ru 

Endemic midges of the genus Sergentia Kieff. are a unique phenomenon among faunistic groups of Lake 
Baikal and other worldwide chironomid communities. Among all insects, only chironomids managed to colonize 
various lake biotopes and formed enormous larval aggregations in the littoral zone (a “burial place” of benthic 
animals near Cape Bol. Solontsovy) and at larger depths (a hydro vent in Frolikha Bay), dominating other 
benthic organisms inhabiting the near-surface gas hydrate occurrences.  While studying chironomids, the 
researchers focused on the availability of polytene chromosomes in the salivary glands of their larvae. Specific 
chromosome disc pattern provides exclusive possibilities for accurate comparative analysis, description of the 
interspecific variations and mechanisms of evolutionary karyotype transformations entailed by speciation.  

Recent karyological investigations have confirmed independence of 11 species of Sergentia genus, 7 of 
which are endemics of Lake Baikal and 4 were found on the territory of Germany, Switzerland, Russia (Irkutsk 
and Bratsk Water Reservoirs, Far East) and USA. Data on the karyotypes and chromosomal polymorphism of 
endemic and non-Baikalian species from different areas show significant divergences in the karyotype 
formation and chromosome structure of these species groups. Two species of common S. coracina (2n=6), S. 
baueri (2n=8), S. prima (2n=8) and S. electa (2n=6) have a reduced chromosome number. The chromosome 
number of all Baikal endemics is 2n=8, three species – S. rynocephala, S. rara, S. affinis are homosequent 
(with similar disc pattern of chromosomes), 4 species – S. flavodentata, S. nebulosa, S. assimilis, S. 
baicalensis differ from other species by the number and localization of fixed inversions and nuclear organizers.  
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32 homo- and heterozygous inversions have been found in the karyotype pool of Sergentia chironomids 
as a whole. The total number of inversion sequences in the species inhabiting Baikal and other localities 
coincides – 18. Speciation of all species well adapted to various depths and biotopes, eurybathic S. 
flavodentata, littoral S. baicalensis, abyssal S. nebulosa and S. assimilis, was accompanied by the structural 
changes of chromosome I, including 5 homo- and heterozygous inversions. Among non-Baikalian species, one 
homozygous inversion of this chromosome has been registered in S. coracina. Only 4 inversion sequences are 
common for both groups, 3 of which found in Baikal and Irkutsk Reservoir.  

Thus, a series of specific intrachromosomal rearrangements in Baikal Sergentia, reflecting stages of 
chromosome evolution during species formation and adaptation to Baikal environments has been found 
irrespective of the similarity in the principal karyotype parameters (chromosome number, size and form of 
chromosome arm integrity, etc.) that  allows the researchers to consider them highly prospective for future 
investigations and the data obtained very informative in further karyological studies of other hydrobionts from 
Lake Baikal.  

This work was done under the auspices of State Project No. VII 62-1-4 “Multidisciplinary study of the splash zone…” 
and partially supported by RFBR Grant No. 09-04-00781. 
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INCREASE OF LACTATE CONTENT IN ENDEMIC BAIKAL AMPHIPODS BY HIGH TEMPERATURE  
AND CADMIUM CHLORIDE 

Protopopova M.V.*,** Pavlichenko V.V.*,**, Axenov-Gribanov D.V.*,**,Shahtanova N.S.*,**, Timofeyev M.A.*,** 
* Irkutsk State University, 5, Sukhe-Batora st., Irkutsk 664011 Russia 
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Under stress conditions oxidative phosphorylation cover increased energetic demands of cells and role of 
anaerobic glycolise can increase in energetic production processes. It w 
as shown that in aquatic organisms exposed to heating partial anaerobiosis occurs (Pörtner et al, 2001, 2003, 
2007; Selvacumar, Geraldine, 2003). Other works showed an increase of lactate content by toxic exposure 
(Brand & Kleineke, 1996; Soengas et al., 1996). The aim of this study was to compare the stress-induce level 
of anaerobic glycolise in species with different resistant abilities. Baikal amphipods are promising object for 
such studies because they are represented by more than 272 close related endemic species (Takhteev, 2000), 
with high diversity of ecological forms and adaptive abilities. In this study endemic Baikal amphipods species 
different by their temperature and toxic resistance abilities were used: Eulimnogammarus cyaneus, E. 
verrucosus, E. vittatus and E. marutuj. By resistance to high temperature the species can be arranged by the 
comparative order: E. marutuj=E. verrucosus<E. vittatus<E. cyaneus, by of resistance to CdCl2: E. marutuj<E. 
cyaneus<E. verrucosus<E. vittatus (Timofeyev, 2000). Amphipods were exposed to 25 C or CdCl2 solutions 
(0.05 mg/L) during 6 hour and lactate content in amphipods was measured. The lactate concentration was 
measured spectrametrically with use of kit protocol (Vital diagnostics-Spb). 

Amphipods exposition at 25 C resulted in increase of lactate content in all investigated species. In E. 
verrucosus, E. vittatus and E. marituji increase of lactate concentration has started after 30 min of exposition. 
Increase of lactate content in E. cyaneus, which is the most thermo-tolerant among studied species, was 
started only after 3 h. 

Exposition of amphipods at CdCl2 solution resulted in increase of lactate content in all species. Increase 
of lactate content in E. marituji, E. verrucosus and E. cyaneus after 30 min of exposition was observed. 
Significant increase of lactate content in the most resistant to CdCl2 E. vittatus was observed only after 6 h of 
experiment. 

In sum, both thermal and toxicity stresses lead to lactate accumulation in all amphipod species. Increase 
of lactate content can be explained by increase of energetic demands in amphipods’ cells and inhibition of 
electron chain function under stress conditions. The character of lactate accumulation depends on resistance 
abilities of species to thermal and toxicity stresses. 

This research was partially supported by grants of RFBR 09-04-00398- , 08-04-00928, 10-04-00611- , 10-04-
92505- , AVCP “Vysshaya shkola” 2.1.1/982, Federal Target Program "Research and Training Specialists in Innovative 
Russia, 2009-2013", grant of President -351.2009.4 

COMPARATIVE ZOOGEOGRAPHICAL ANALYSIS OF THE KHOVSGOL FISH PARASITES  
AND BAIKAL FISH PARASITES 

Rusinek O.T. 
Baikal Museum of Irkutsk scientific center, 1, Akademicheskaya St., Listvyanka 664520, Russia 

rusinek@isc.irk.ru  

The Khovsgol parasite fauna of 9 species fish include 73 species belonging to 8 phylum (Micrispora, 
Cnidospora, Ciliophora, Plathelminthes, Nemathelminthes, Acanthocephales, Annelida, Arthropoda) and 11 
classes invertebrate animals (Microsporea, Myxosporidia, Cyrtostomata, Hymenostomata, Monogenea, 
Cestoda, Trematoda, Nematoda, Acanthocephala, Hirudinea, Crustacea). The fauna of fish parasites in Lake 
Khovsgol consist 3 fauna complexes: Boreal Plain, Boreal Sub-Mountain and Arctic freshwater and quite 
correspond to fish parasites in Arctic province. Parasites Boreal Sub-Mountain complex (41.8 %) dominate in 
Khovsgol Lake. 

Parasite fauna of Lake Baikal represented 255 species and sub-species belonging to 13 phylum 
(Kinetoplastida, Polymastigota, Sporozoa, Cnidaria, Mollusca – types unchecked in Khovsgol). Allocate 5 fauna 
complexes: Boreal Plains, Boreal Sub-Mountain, Arctic fresh water, Baikal and the Sino-Indian. Most of the 
parasites of fishes Khovsgol (53.4%) and Baikal (63%) developed without the participation of the intermediate 
host. Fish parasite fauna of Khubsugul is impoverished in comparison with fish parasite fauna from Baikal, Ob’, 
Enisey. 
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Fig. 1. Quantity composition of fish parasite species in the fauna of Khovsgol Lake, Lake Baikal and rivers Ob’ and Enisey 
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“THE BAIKAL GO” (SCIENTIFIC SURVEY ON LAKE BAIKAL) AS REFLECTION OF INTERDISCIPLINARY 
APPROACH TO STUDIES OF NATURAL OBJECTS  

Rusinek O.T.*, Ufimtsev G.F. **, Fialkov V.A. * 
*Baikal Museum of Irkutsk scientific center, 1, Akademicheskaya St., Listvyanka 664520, Russia 

**Institute of the Earth Crust SB RAS, 128, Lermontov St., Irkutsk 664033, Russia   
rusinek@isc.irk.ru, ufim@crust.irk.ru, fva@isc.irk.ru  

Lake Baikal is a unique object in which geological evolution of the earth and evolution of climate are reflected, 
and where endemic flora and fauna are represented in their diversity. The latter were formed in this area as a 
result of comparatively long isolation. Lake Baikal is one of the well-studied water bodies of the planet. 
Therefore, it is necessary to use data on nature of Lake Baikal in the educational process at biological, 
geological, geographical and other departments for demonstration of natural processes and as an example of 
studies of natural phenomena. It is proposed to prepare and introduce a curriculum (training course) at natural-
science departments of universities. The aim of this course is to acquire theoretical and methodological 
fundamentals on complex studies of natural objects. This course may be one of the major generalized subjects 
in the training system of biologists, environmentalists, geographers, and hydrologists.  

The main advantage of this course is that it is possible to gain knowledge on natural phenomena and 
processes of a wide spectrum at one place and in one water body: to acquaint students and postgraduates with 
the results on origin and evolution of some elements of the Lake Baikal biota (algae, invertebrates, fish and fish 
parasites, seals, birds); to demonstrate how using the results of many sciences (geology, paleontology, 
morphology, botany, algology, zoology, ichthyology, parasitology, and ornithology) it is possible to define 
fundamental hypotheses on the origin of some organisms relying on indirect and direct evidences of their 
evolution. Similar interdisciplinary approach allows us to enhance the significance of natural-science studies, to 
raise the level of knowledge of students and to stimulate their interest to scientific-research work.  
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G.YU. VERESHCHAGIN’S VIEWS ON SPECIATION IN BAIKAL  
Smirnov V.V.*, Smirnova-Zalumi N.S.**, Sukhanova L.V.** 

* Baikal Museum of Irkutsk scientific center, 1, Akademicheskaya St., Listvyanka 664520, Russia 
** Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

bmsmirnov@mail.ru, lsukhanova@yandex.ru 

G.Yu. Vereshchagin’s work on Baikal was focused on the origin and history of Baikal flora and fauna formation. 
In discussions with L.S. Berg (1922), Vereshchagin argued that most species inhabiting Baikal are of marine 
origin with emphasis on ecological isolation as a principal factor of speciation in the lake (Vereshchagin, 1940). 
Vereshchagin proposed an alternative approach to speciation in Baikal outlining the future research trends 

Describing the vertical structure of waters in open Baikal, G.Yu. Vereshchagin distinguished an 
”alternating” zone of seasonal water mixing, from the surface up to 200-300 m depth and “perennating” zone 
extending to the maximal depths that was considered a “water body of a tropical type with fixed direct thermal 
stratification”. These were divided by a water layer, which Vereshchagin called a “zone of mesothermal 
maximum”. Water layers interacting with the lake bottom were included into a separate “near-bottom” zone 
(Vereshchagin, 1936).  

Vertical stratification of water is also observed in seas. For instance, the Caspian Sea is divided into 
upper water zone – from the surface to 100-200 m depth with seasonal temperature fluctuations, and a deeper 
zone extending below200 m with actually constant water temperatures (Pakhomova, Zatuchnaya, 1966). The 
ocean is divided into 4 water zones: upper – epipelagic, and lower – meso-, bathy- and abyssopelagic (Parin, 
1982). 

The structure of Baikal water column is similar to that of the seas. Such similarity is found in many 
characteristic features of their inhabitants providing the basis of a hypothesis on marine origin of Baikal fauna. 
Advancing Vereshchagin’s idea on the dynamic structure of the lake water, we may consider resemblance of 
Baikal and marine organisms in terms of similarity (Smirnov et al., 2009). This approach combined with 
molecular-genetic methods of analyzing relative ties enables us to arrive to an explicit understanding of the 
origin and evolution of Baikal organisms.  
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DYNAMICAL ASPECT OF INTRASPECIFIC POLYMORPHISM OF BAIKAL OMUL COREGONUS 
AUTUMNALIS MIGRATORIUS (GEORGI) 

Smirnova-Zalumi N.S.*, Sukhanova L.V.*, Tolstikova L.I.*, Smirnov V.V.** 
*Limnological Institute of RAS SB, Ulan-Batorskaya st., 3, Irkutsk, 664033, Russia  

** Baikal Museum of Irkutsk scientific center, 1, Akademicheskaya St., Listvyanka 664520, Russia 
 kir@lin.irk.ru bmsmirnov@mail.ru 

We considered in Baikal omul from different morphoecological groups the variability of a tapeworm 
Diphyllobothrium sp. – it is a representative of Siberian-Baikalian fauna unit of organisms (Vereshchagin, 1935; 
Zaika, 1965), a parasite typical for coregonids and characteristic for fishes from near-shore-slope zone of Lake 
Baikal up to the depth of 300 m (Pronin et al., 1991; Rusinek, 2001). The analysis is done depending on the 
age, feeding peculiarities (Gurova, Pastukhov, 1974) and host habitat (Smirnov, Shumilov, 1974; Smirnova-
Zalumi et al., 2007). Omul of near-shore-pelagic morphoecological group is earlier than other ones (by the age 
of 3+ - 4+) maximally (by 99-100%) contaminated with tapeworm. Pelagic and near-bottom-deep-water omul is 
contaminated slower. The distribution of tapeworm plerocercoids in omul from near-bottom-deep-water 
morphoecological group is evidently lower in any age, in elder and migrating for spawning specimens this proxy 
decreases. Narrower distribution of Diphyllobothrium sp. among some specimens groups is related to their 
feeding with organisms typical for open deep-water areas of the lake (macrohectopus, golomyanka). The 
variability of tapeworm distribution from age to age reflects alternation of periods of relation of omul generations 
life to trophic system of near-shore shallow-water areas with its weakening periods. 

A stable character of age differences by part of specimens free of parasites corresponds to peculiarities 
of distribution, morphogenesis and change in feeding composition of omul from different morphoecological 
groups during the ontogenesis. In combinations with data on identity of genotypic populations composition 
differing only by haplotypes frequency (Sukhanova et al., 2004), it suggests a constant pressure of stabilizing 
selection and to its role in evolutionally fixed mechanism of intraspecific morphogenesis. 
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VARIATION OF BIOCHEMICAL MECHANISMS IN GAMMARUS LACUSTRIS SARS FROM CONTRAST 
ENVIRONMENTS POPULATIONS 

Shatilina Zh.M.*,**, Gubanov M.V.***, Zadereev E.S.***, Bedulina D.S.*,**, Protopopova M.V.*,**,  
Axenov-Gribanov D.V.*,**, Sapozhnikova E.A.*,**, Timofeyev M.A.*,** 
* Irkutsk State University, 5, Sukhe-Batora st., Irkutsk 664011, Russia 

**Baikal Research Centre, Irkutsk, 5, Karl Marx st., Irkutsk 664003, Russia 
***Institute of Biophysics at SB RAS, Academgorodok, Krasnoyarsk 660036, Russia  

zhshatilina@gmail.com 

The aim of present work was to compare thermoresistance mechanisms in the Gammarus lacustris Sars 
representatives from two populations inhabiting different contrast environments. G. lacustris, from saline Lake 
Shira (Khakassia) (mineralization 11-15 mg/l) and a freshwater waterbody of Pribajkalsky region (mineralization 
0.5 mg/l) were studied. Influence of temperature 30oC on mortality, expression of heat shock proteins HSP70 
and small HSP and catalase activity were studied. 

It was shown that amphipods from Lake Shira are more resistant to temperature stress: 50% level of their 
mortality was fixed after 24 hours only. Mortality of 50% amphipods from Pribajkalsky region population was 
observed after 7.5 h. It was shown that amphipods of the studied populations differed also by HSPs functioning 
and catalase activity. The base level of HSP70 was higher in amphipods from Pribajkalsky region comparing 
Lake Shira amphipods. The base level of sHSP between amphipods from studied populations did not 
significantly differ. The exposition animals at 30°C caused an increase of both HSP70 and sHSP expression. 
Increasing of HSP70’ expression in amphipods from Pribajkalsky region population was observed after 30 min 
of exposure, in amphipods from Lake Shira population only after 3 h of exposure. Increasing of sHSP’ 
expression in amphipods from both populations after 1 h of exposure were observed. The catalases’ activity in 
control condition in amphipods from Lake Shira population was higher than from Pribajkalsky region population. 
High temperature (30oC) led to increase of catalases’ activity in the amphipods from Pribajkalsky region 
population and decrease of activity in the inhabitants of Lake Shira.  

In sum it should be states that existence in water with different hydrochemical characteristics has impact 
to functioning of basic cellular stress-resistance mechanisms in G. lacustris. It is known, that in aquatic 
organisms the initial stages of stress-reactions mostly are similar. However the information on possibly 
difference in conservative mechanisms functioning of stress-adaptation (such as, heat shock proteins, enzymes 
etc.) in relative species and even at different populations of the same species are known (Bahrndorff et al., 
2006; Tomanek, 2002). In our research G. lacustris from Pribajkalsky region population has higher base level of 
HSP70 and its faster increasing by temperature stress, than G. lacustris from Lake Shira population. In 
amphipods from Pribajkalsky region population temperature stress led to increase of catalase activity, while in 
amphipods from Lake Shira population occurs decrease of its activity. Thus, stress influence on activity not only 
antioxidant enzymes, but also on activation level of conservative systems, such as HSP. 

This research was partially supported by grants of Russian Foundation for Basic Research 09-04-00398- , 08-04-
00928, 10-04-00611- , 10-04-92505-I , AVCP “Vysshaya shkola” (Rosobrazovanije) 2.1.1/982, Federal Target Program 
"Research and Training Specialists in Innovative Russia, 2009-2013 ", grant of President of Russian Federation -
351.2009.4. 

INTRASPECIFIC STRUCTURE OF BAIKAL OILFISH SPECIES REVEALED BY MOLECULAR-GENETIC 
AND BIOLOGICAL ANALYSIS 

Teterina V.I., Mamontov A.M., Kirilchik S.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

veronika@lin.irk.ru 
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Endemic sculpins, big golomyanka or Big Baikal oilfish (Comephorus baicalensis Pallas, 1776) and small 
golomyanka or Little Baikal oilfish (C. dybowski Korotneff, 1905) are the most numerous and peculiar fishes in 
Lake Baikal. As they play a key role in biological processes of the Baikal and could be used as an indicator of 
the processes it is very important to know their genetic subdivision within lake. In this study, intraspecies 
polymorphism of the both species was examined using mitochondrial cytochrome b gene (Cytb) and nuclear 
first internal transcribed spacer (ITS1) of ribosomal DNA sequence analysis, microsatellite DNA (7 loci) analysis 
and biological analysis. Samples were tested from the three Lake Baikal basins – southern, central and 
northern. 
1. Analysis of nucleotide sequences of Cytb showed that Little Baikal oilfish (LBO) formed a single population 

in the lake, whereas the Big Baikal oilfish (BBO) is divided into two genetic groups – BBOI and BBOII 
(Teterina et al., 2010). The level of nucleotide diversity in LBO was much lower compared to both BBO 
groups. The representatives of the BBO groups are not separated geographically. For discriminating these 
groups, we are developing single nucleotide polymorphism genotyping assays (SNPs). We used two 
methods to identify group-specifics SNPs in BBO. The first method is based on a rapid multiplex PCR and 
agarose gel electrophoresis. The second method is High Resolution Melt (HRM) approach. Using these 
techniques we increase BBO sample analyzed and calculate the percentage of individuals of different 
groups in a short space of time. SNP analysis showed that the proportion of individuals BBOI and BBOII 
from different basins of the lake and in the total is close to 1:1. These results suggest that representatives 
of different genetic groups of BBO distributed evenly in the lake and do not constitute geographically 
dispersed flocks. 

2. Ribosomal DNA sequence analysis did not reveal any genetic differences between BBOI and BBOII.  
3. Analysis of microsatellite polymorphism has showed that both a BBO and LBO are represented by single 

populations (Teterina et al., 2005, 2007). Analysis of the BBOI and BBOII for six polymorphic nuclear-
encoded microsatellite loci reveals no significant differentiation. 

4. The following characteristic were applied for biological analysis: fork length, body weight, Fulton's condition 
coefficient. No reliable morphological intraspecies subdivisions were revealed.  

Thus, polymorphism analysis in LBO showed that this species formed a single panmictic population. In 
contrast, intraspecies structure of BBO is more complicated. At present, the reasons for the BBO subdivision is 
not clear and other studies will be aimed at resolution of this matter.  

This study was supported by the Russian Foundation for Basic Research (grant no. 01-04-48939-a, 08-04-01434-a). 
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COMPARATIVE CHARACTERISTICS AND INTRASPECIFIC VARIABILITY OF Gammarus lacustris Sars, 
1863 FROM PRE-BAIKALIAN WATER BODIES 

Tikhonova Ye.N., Kupchinsky .B. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

ten800@mail.ru 

Gammarus lacusrtis Sars, 1863 is a widely distributed species (Karaman, 1977). Inhabiting numerous Pre-
Baikalian water bodies, it is quite absent in Lake Baikal. (Bekman, 1954). The gamarus is widely used in fishing 
as a lure and hence, it is a commercial species itself. Biology and ecology of G. Lacustris, chemical 
composition of water in some Pre-Baikalian and Trans-Baikalian lakes are considered in detail in Bekman 
(1951; 1954), Matafonova (2007), Dzyuba et al. (1997). We performed work for studies of present state of 
population of a lacustrine gammarus Gammarus lacustris Sars, 1863 in some water bodies of Irkutsk Region 
and Buryat Republic. 

The material o  present study consisted of samples of G. Lacustris taken from water bodies of different 
types: in girts and pre-delta lakes of the Selenga R., in lakes of the Barguzin River floodplain, Tazheran lakes 
and lakes in Krestovskaya Depression near Yelantsy settl., in Kultuk lakes (Slyudyanka area) in the southern 
part of Lake Baikal and in Lake Kotokel’. These materials served as a base for comparative characteristics and 
intraspecific variability of G. Lacustris from 11 water bodies of Irkutsk Region and Buryat Republic were the aim 
of the present work. In this water bodies, G. Lacustris is studied for the first time. First we have obtained the 
pattern of biomass (Fig. 1) and of abundance (Fig. 2) of gammarus on the base of qualitative and quantitative 
samples (Zhadin, 1956). The colour of gammarus body is noticed separately for each water body.  

  
Fig. 1 Mean biomass of G. lacustris  

 – mean value of females and males together for 
each sample).   G. lacustris (  –  

 
). 

Fig. 2. Mean abundance of G. lacustris  
 G. lacustris. 
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CELLULAR MECHANISMS OF THERMAL STRESS DEFENSE IN TWO AMPHIPOD SPECIES WITH 
DIFFERENT THERMOTOLERANT ABILITY 

Timofeyev M.A.*,**, Bedulina D.S.*,**, , Protopopova M.V.*,**, Pavlichenko V.V.*,**, 
Axenov-Gribanov D.V.*,**, Shatilina Z.M.*,** 

* Irkutsk State University, 5, ul. Sukhe-Batora, Irkutsk 664011 Russia 
**Baikal Research Centre, Irkutsk, 5, Karl Marx st., Irkutsk 664003, Russia 

m.a.timofeyev@gmail.com 

A broad variety of cellular defense mechanisms exists. Two of the most important of them are heat shock 
proteins (HSP) and the antioxidative system (AOS). HSP can both to fold newly-synthesized proteins and to 
protect and refold partly-denaturized proteins during the stress exposure. It was shown that heat shock leads to 
the increase of HSP expression (Kopecek et al., 2001). The complex AOS is the defense mechanism against 
damaging action of reactive oxygen species during the thermal stress. 

The aim of research was to estimate the species-specific differences in functioning of the key cellular 
defense mechanisms in two amphipod species which are different in their thermotolerance ability. 

As the object of research two baikalian congener amphipod species Eulimnogammarus verrucosus and 
E. cyaneus were chosen.  

E. verrucosus  is a stenoecious species which is spread along the littoral zone up to the depth 10-15 m. 
In experiments this species shows the low level of thermal resistance (Timofeyev et al., 2001). Another chosen 
species E. cyaneus is the representative of upper-littoral zone with the maximal population density at the water 
edge (Veynberg at al., 1994). According to the experimental data E. cyaneus has high thermoresistant ability 
(Timofeyev, Kirichenko, 2004).  

Amphipods were collected from the shoreline of the lake Baikal at the settlements Bolshie Koty and 
Listvyanka (South Baikal). Experiments were carried out in aerated thermostatic cameras. Previously 
acclimated animals were incubated at the temperature 25 C, and fixed by deep freezing in liquid nitrogen. 
Control animals were incubated at the acclimation temperature.  

The content of HSP was determined by Western blotting, enzyme activities were measured 
spectrophotometrically. 

It was shown that the AOS activity is modulated by hyperthermia in both species. Activity of the three 
enzymes was more pronounced at thermal-tolerant E. cyaneus. The constitutive content of HSP70 in the 
control conditions was higher in this species as well. During the hyperthermia exposure the level of HSP70 
increased in both species with greater range in thermal-sensitive E. verrucosus.  

Thus the present results demonstrated that two congener amphipod species with different 
thermotolerance ability show different reaction of the main cellular defense mechanisms against acute thermal 
stress. That proofs the high plasticity of these mechanisms in adaptation of organisms to the certain thermal 
environmental conditions.  
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DIVERSITY OF BLUE-GREEN ALGAE IN MONGOLIA 
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Cyanobacteria are a special group of prokaryote organisms which intensively develop in extreme habitats, such 
as soda and salty lakes, sea lagoons and thermal springs.  

In Mongolia, studies on algae began in 1903 when Dorogostaisky registered 1 species of blue-green 
algae and Ostenfeld recorded 20 species of blue-green algae. Following this, Mongolian national scientists 
such as Ulziikhutag N., Dulmaa A., Nansalmaa B., D. Tuya and Tsetsegmaa D. began to publish algae study 
results since 1960. In 2005, Dorofeyuk and Tsetsegmaa were published and registered 192 blue-green algae 
species belong to 59 genera 15 family and then 200 blue-green algae species belonging to 59 genera were 
registered by Tsetsegmaa D., 2008. 

To date, Mongolian blue-green algae flora has been recorded as 218 species, subspecies belonging to 
67 genera, 16 families. 

Cha diversity index of cyanophyta was 0.6 at the Arctic Ocean basin, 0.8 in the Pacific Ocean basin and 
1.18 in the Central Asian internal basin. As results of species composition cluster trees for the Arctic Ocean 
basin and the Pacific Ocean basin was very similar, the Central Asian internal basin was very different to the 
others, as single outlier. 

A total of 20 papers and books by 15 different authors of different geographic regions were used in the 
literature review. 

GLOBAL CLIMATE CHANGES AND PRODUCTIVITY OF BAIKAL OMUL  
( OREGONUS MIGRATORIUS GEORGI) 

Tyagun M.L. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

mary@lin.irk.ru 

The problem of Baikal ichthyocenoses productivity decrease in the late 1960’s – early 70’s has been widely 
discussed in scientific literature. It is assumed that reduced fish catches may be influenced by any of the 
following factors: anthropogenic, hydrological and ecosystematical (depletion of the feeding resources) (Tyutrin, 
1969; Mamontov, 1977b; Kalyagin, 1999). However, there is no unified explanation of the productivity drop at 
present. To cope with uncertainty in the estimates of the production dynamics of common species, we need to 
investigate functions of the lake ecosystem as well as the impacts of global climatic change.  

With the data obtained during past 50 years, the researchers were able to analyze productivity of Baikal 
omul, since this approach may be applied not only in the resource assessment. Omul, a typical representative 
of whitefish, is ecologically flexible and, hence, may be regarded an ecosystem indicative species. On this 
basis, it seems worthwhile studying particular changes of this species alongside with the ecosystematical and 
hydrological impacts, solar cycles, as well as the production of its main feeding object – yellow-fin sculpin 
(Cottocomephorus grewengkii). Including correlated ecosystem characteristics and natural factors of the 
biosphere into our analysis would give us a comprehensive idea of the omul population and current processes 
in the ecosystem.  

Ecosystem of Lake Baikal is a priori related to global climatic changes. One of the principal 
characteristics reflecting climatic processes is the temperature of the near-surface air. Detrended global 
temperature (dT), as its index, is a key indicator of climate changes (Klyashtorin, Libushin, 2005).  

The trend in dramatic decrease of omul and yeallow-fin sculpin catches of the 1960’s -70’s, and lower 
Melosira concentration (M. baicalensis) coincided with the drop of the water level in the rivers feeding the lake 
and global dT. Minimal catches of omul (2000–3000 q.) registered in mid-70’s (Kozhov, Spelit, 1958) fell within 
the minimal global dT (1975) (Figs. 1A: c; 1B). Gradual increase of the global dT (Fig. 1B) started after 1975. 
Active temperature growth was observed in the 1980’s, reaching its maximum in the 1990’s. During 1980’s, 
sampling catches of omul exceeded the maximal catches of the mid-70’s. (A small decline in fish catches was 
reported in the late 1980’s – early 1990’s, a period of lower global dT growth rate (Fig. 1B)). The catches grew 
again as the global dT peaked, the curve run being identical to the temperature curve.  

Taking into consideration the correlation of omul catches with the global dT, its 60-year cycle and the 
dynamics of catches during the centennial period (Tyurin, 1969), it may be assumed that the present time 
(2000-2010) is characterized by a small natural decrease in omul abundance. Maximal drop of catches is 
expected by the end of the global dT cycle, i.e. 2035.  
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Moreover, there is a close correlation of annual fish scale growth and solar activity, and the dynamics of 
both indices is quite similar (Fig. 1A: j, k, l, m). The correlation coefficients of different periods lie in the range of 
0.81- 0.95.  

Relying upon the correlation of growth rings with the solar activity cycles, we anticipate small regular 
intensification of omul growth that falls within the next solar activity peak (1912-1914) coming in 2-3 years. 
However, no pronounced abundance increase is foreseen in the period of active sun.  

Fall of the water level and drying out of small rivers typical for the warming periods and relative climate 
drying was predicted for the first decades of this century on the territory of Eurasia (Krivenko, 1992). Based on 
the predictions at the continental scale, we observed natural drop of omul numbers due to deterioration of good 
spawning and incubation conditions during next 11 years, when small rivers might have been frozen as a result 
of lower water level at the spawning grounds. Under such conditions, the spawning omul decreases in number 
that entails reduction of the future populations.  

In summary, it may be stated that productivity variations of common fish species are quite natural and 
affected by the global processes in the biosphere. However, during periods of dramatic climate changes special 
emphasis should be given to regulation of valuable fish catches in order to minimize negative natural impact on 
their productivity. 

 
 

Fig.1.  – variations of the Lake Baikal ecosystem characteristics: hydrological cycle, catches of omul (C. migratorius), 
yellow-fin sculpin (C. grewengkii),  melosira  (M. baicalensis) concentrations; changes in solar activity; B – global 
temperature dynamics of the of the near-surface air (global dT). (  – . : 

,  ( . migratorius),  (C. grewengkii),  
(M. baicalensis); ;  –  

 dT)). 
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STRUCTURAL VARIATIONS IN OTOLITH MICRORELIEF OF CLOSELY AND FAR RELATED BAIKAL 
FISH TAXA AS REVEALED BY FRACTAL ANALYSIS 

Tyagun M.L.*, Golovko .** 
* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

**Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia 
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Micromorphology of fish otoliths has recently aroused considerable interest among experts in different fields. 
Yet, the organization mechanisms and functions of the microstructure remain unclear (Mount et al., 2004). 
Otolith, being a significant part in the acoustic apparatus of fish, regulates the hierarchic layout of crystalline 
elements, divergent in shape and packing, in a strictly conservative place – acoustic furrow (sulcus acousticus). 
The area, including such elements, has a special sensory tissue – macula. The macula consists of sensory 
cells interacting with the surface of the microstructure. Acoustic vibrations of the otolith cause mechanical 
action and polarization of the cells. The structural organization of macula is generally presented as a simple 
scheme including areas that symbolize cell groups of various lengths and polarization vectors. It is considered 
that a polarized macular pattern is identical to the otolith macular pattern including areas with structures of 
different types as well. Each area is visualized as hierarchic levels of multidimensional geometrical objects. 
Therefore, availability of a pattern analogous to the sensory macula is insufficient for describing its 
organization. To understand the structural organization of such sensory epithelium, we need to use fractal 
analysis to elucidate the geometry of this complex object.  

Microcanonical analysis of the multifractal spectra confirmed the fractal origin of the hierarchic 
organization of the crystallized otolith surface. Multifractal pattern of this biomineral surface is consistent with 
the ideas on these structures formation in nature (insentient substance). Instantaneous temporal analysis of the 
complex self-organizing processes in nature, such as lithospheric orogeny or fluid flow through porous media 
showed their fractal geometry.  It seems that regulation of the otolith microrelief formation by the organism is 
facilitated by sustaining non-isotropy of its tissue that is required for fixation of the arriving signal by the 
acoustic organs and space orientation.  

The similarity of multifractal spectral patterns of stone sculpins (P. knerii), described for different areas of 
crystallized surface using different scales, is quite evident (Fig. 1). Thus, we are convinced that the scale 
variations during analysis do not affect the quality of the data obtained. The concave curves of the multiscale 
images of the same area of stone sculpins are located within the same range of values and reach the same 
level. However, the data on the sulcus acousticus microstructure of the same species are somewhat different: 
the range of low values of the curve slope is shifted. The spectrum has a relatively wider distribution range and 
it bears witness to uniqueness of the acoustic zone microstructure. But, since the behavior of the curve 
describing this area is almost consistent with the curves of the extramacular zone of the same species, the 
tendency for the general intraspecific conservativeness of the microrelief patterns should be validated.  

The multifractal spectra of the crystalline patterns of four species selected for this analysis differ (Fig. 2). 
This supports a hypothesis on the unique species organization of the crystallized surface of the biomineral. 
Based upon the species spectral curves integrated into pairs by their relationship distance, we conclude that 
the closer is the relationship, the greater is the number of common features of the external microreliefs (stone 
and sand sculpins, P. knerii, L. kesslerii) and the larger is the taxonomical divergence (grayling and dace, T. 
baicalensis, L. leuciscus), the greater are the differences in the multifractal spectra.  

The data obtained allow us to state that the fractal analysis provides a possibility to describe the 
organization of crystalline elements of the biomineral and use its fractal parameters, multifractal spectrum in 
particular, for taxonomic revisions. 

 
Fig. 1. Original images (a, c, e) and Hausdorff multifractal spectra (b, d, f) of the crystallized surface of the acoustic zone of 
P. nerii otolith: a, b, c, d – postrostrum photographed at different magnifications, e, f – sulcus acousticus (  

 (a, c, e)  (b, d, f)  
 P. nerii: a, b, c, d - , , e, f -  

). 
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Fig. 2. Original images (a, c, e, h) and Hausdorff multifractal spectra (b, d, f, i) of crystallized surface of the macula of Baikal 
fish species: grayling (a, b), dace (c, d), stone (e, f) and stone sculpins (h, i).(  (a, c, e, h)  

 (b, d, f, i)  
:  (a, b),  (c, d),  (e, f)  (h, i)). 

 
 

.*, .** 
* , 3, ,  664033,  

** O , 126 , . ,  664033,  

 
.  

 (Mount et al., 2004). ,  
, , , 

. , 
,  – . 

, .  
. 

, , 
,   . ,  

,  
.  

.  
, , .  

,  
. 

 
.  

 
 ( ). ,  

,  
. ,  

,  
,  

.  
 (P.knerii), 

, , 
 (Fig. 1). ,  

.  
.  

:  
.  

. .  
,  

,  
. 

 ,  
,  (Fig. 2).  



 58 

. , 
, . ,  
 ( , P. knerii, L. 

kesslerii).  ( , T. baicalensis, L. 
leuciscus), . 

, ,  
 

, ,  
. 

ULTRASTRUCTURAL FEATURES OF SOME BAIKAL FISH IMMUNOCYTES 
Yakhnenko V.M. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
vera@lin.irk.ru 

Fish have the same organs responsible for haemopoiesis and immune response, of which spleen, pronephros 
and liver are most essential. Therefore, examination of the morphology and functions of immunocompetent 
cells would throw some light on the dynamics of immune response in fish (Kondrat’eva et al., 2001). Intensity of 
immune response depends on the effect and origin of the factors influencing it as well as adaptive features of 
the organism (Mikryaev et al., 2001). The present study is aimed at elucidating the immunocyte reactions of 
Baikal fish from different ecological groups to phenol that is one of the most common contaminants of aquatic 
ecosystems. Phenol and phenolic compounds belong to neuroparalytic agents causing general intoxication of 
the organism (Luk’yanenko, 1970; Flerov, 1973, 1989; Mikryakov et al., 2001; Valedskaya, 2005).  

Ultrastructural analysis of the immunocytes from haematogenous organs of perch (Perca fluviatilis), 
inhabiting shallow coastal zone (26 specimens), stone sculpin (Paracottus kessleri), inhabiting coastal slopes 
(0-200 m) (68 specimens) and yellow-fin sculpin (Cottocomephorus grewigkii), inhabiting the pelagic zone (75 
specimens), in a normal state and affected by phenol was carried out using 3, 6, 12 mg/l  concentrations during 
1, 4, 14 days with light, scanning and transmission microscopy.  

All main groups of immunocompetent cells were identified in the touch smears of the haematogenous 
organs: plasmocytes, reticulocytes, lymphocyte and granulocyte precursors. In response to phenol attack the 
fish suppress lymphopoiesis and stimulate myelopoiesis. Drop of lymphocytes is indicative of a decline in the 
formation of antigen decoding patterns. Immunocytes with destructed mitochondria and depletion of specific 
granules in the granulocytes were found. Deterioration of the mitochondrial structures is related to reduction of 
oxygen dependence of cells. Destruction of the lymphoid tissue was observed in liver to a larger extent, and 
kidneys and spleen to a smaller extent.  

Analogous changes in the cell structure of the haematogenous organs of the fish were registered in 
response to different concentrations of phenol. However, the effect of 3 mg/l concentration of phenol induced 
less pronounced changes in haemopoiesis. Phenol concentration of 12 mg/l was mortal to sculpins in contrast 
to perch.  
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APPROBATION OF GENETIC AND MORPHOLOGICAL METHODS FOR POPULATION STUDIES OF 
EPISCHURA BAICALENSIS (COPEPODA, CALANOIDA) 

Zaidykov I.Yu., Maior T.Yu., Naumova E.Yu., Sukhanova L.V., Kirilchik S.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

igorrock11@mail.ru 

Epischura baicalensis is a relic species inhabiting Lake Baikal, the Bratsk reservoir, and presumably the Ust-
Ilimsk reservoir. The areal extent and probable isolation in reservoirs make it possible to suppose that the 
population structure possesses some specific features. The aim of this work was to carry out population 
analysis of the species. First of all, it was necessary to find appropriate methods. As known from experience, 
many scientists encountered difficulties using only genetic and morphological methods. It was also difficult to 
choose morphological markers, as well as to obtain PCR products for small crustaceans.   

The location of pores and other microstructures of the exoskeleton are of significant interest in studying 
taxonomy of aquatic crustaceans and systematic constructions of different level. We analyzed 13 specimens of 
Epischura females sampled in Southern Baikal and 3 females from the Bratsk reservoir (Alekseev, Naumova, 
2005). Significant differences were recorded in a number of these structures for Baikal and Bratsk populations 
of Epischura which may indicate possible genetic isolation.  

One of the effective methods used for studying intraspecific genetic polymorphism is the analysis of 
fragments of mitochondrial genome (mtDNA). The most popular part of mtDNA for studying invertebrates is a 
gene fragment of the cytochrome c oxidase subunit 1 (CO1). The earlier studies of Baikal cyclopides (Smykova 
et al. 2008) with CO1 analysis allowed us to use this method.  

Total DNA was isolated from egg pouches of Epischura for molecular analysis. It allowed, from the one 
hand, the preservation of specimens in the collection for detailed morphological analysis, and, from the other 
hand, the avoidance of problems associated with DNA amplification of possible parasites. DNA was isolated 
from both live and fixed (in 96% ethanol) pouches. At the first stage of DNA isolation, the specimen from the 
fixed samples was kept in distilled water for 10-15 min to remove ethanol, and then egg pouches were 
separated. DNA isolation was performed in 10 µl: two-fold buffer for PCR containing 32 mM (NH4)2SO4, 130 
mM Tris-HCl, pH 8.8 (25ºC), 0.2% Tween 20, 0.1 mg/mL proteinase K, and 1-2 egg pouches from one cyclop 
female. The mixture was incubated at 65ºC for 1 h and heated at 94ºC for 10 min for inactivation of proteinase 
K. The hydrolyzate was used for PCR or kept at -20ºC.  

Universal primers LCOI 1490 and HCOI 2158 (Folmer, 1994) were used for amplification of CO1 mtDNA 
gene. A DNA fragment of the expected size was obtained using polymerase Dream-taq (Fermentas). A 
nucleotide sequence of CO1 gene was determined for 4 specimens of Epischura. The size of the analyzed 
fragment was 620 bp nucleotides. There were revealed 19 positions with nucleotide substitutions. All 
substitutions were synonymic and located in the third position of a codon. Transition/transversion ratio was 6.5. 
Nucleotide diversity was equal to 0.02. Thus, results of the morphological and genetic analyses showed that 
markers used by us can be applied in studies of intraspecific polymorphism of Epischura baicalensis.  

This work was supported by SB RAS Grant No. 37.  
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ALGOLOGICAL DIVERSITY OF THE HYPERSALINE ORUMIEH LAKE (IRAN) 
Zarei-Darki B. 

Department of Biology, Islamic Azad University, Falavarjan Branche, Esfahan, Iran 
zarei@mail.ru 

Orumieh is oligotrophic lake located in a wide intermountain hollow. The area of water fluctuates between 4750 
and 6100 m2 and depends on lake level fluctuations in the spring and autumn during rains. Lake is shallow. Its 
depth is about 6 m in northern part and up to 12-15 m in southern part. There are great negative setups due to 
small depth of lake under long winds; it is especially in lower deltas of the rivers that cause their swamping. 
Orumieh Lake is among most mineralized lakes of the world; however water salinity differs in different parts of 
the lake due to the freshened influence of the rivers which flow into the water body mostly from the west. The 
high mineralization of water accounts for leaching of the salt-rocks composing lake basin. In the course of last 
ten years, salinity of lake has increased and makes more than 300 g/l (Eimanifar&Mohebbi, 2007). It is 
necessary to note that lake water contains a great deal of bromine (Petrov, 1955). 

The first algofloristic information about the Orumieh Lake was reported by the Löffler (1961) who 
collected samples in the environs Haidarabad Town in the estuary of one in a inflowing river (salinity was 6.27 
g/l) and revealed 13 infraspecific taxa from two algal division. Unfortunately, algological composition was 
recorded only to genus in the subsequent works (Reyahi, 1994; Mohebbi, 2006). 

Materials for the present study are based on 45 samples collected by the author from 5 stations in the 
2001, 2002 and 2008 years. Methods of sampling, processing, and storage of the algological material are those 
generally accepted in algology (Vodorosli, 1989). Species identification of the algae was carried out at the 
Biology Laboratory of Islamic Azad University, the Falavarjan Branch (Iran) and at Kharkov National University 
(Ukraine). 

As a result of processing the original data on lake, 38 species represented by 44 infraspesific taxa were 
revealed. Of these 12 species were representatives of the blue-green algae, 20 diatoms and 6 green algae.  
Two species as Synechocystis salina Wisl. and Dunaliella salina Teod. were recorded on the all stations and in 
the whole sampling periods. This characterized them as polyhalobous species. In the estuaries of rivers where 
water was significantly freshened, Achnanthidium affine (Grunow) Czarnecki, Cocconeis disculus (Schumann) 
Cleve in Cleve & Jentzsch, C. placentula Ehrenberg, Ulnaria ulna (Nitzsch) P. Compère in Jahn et al., Amphora 
ovalis (Kützing) Kützing and other were revealed. Species as Cyanothece major (Schröter) Komárek, 
Johannesbaptistia pellucida (Dickie) Taylor et Drouet, Phormidium lloydianum (Gomont) Anagnostidis & 
Komárek, Pleurosigma elongatum W. Smith, Mastogloia baltica Grunow in van Heurck were met at the lake 
bottom. Taxa of Spirulina major Kütz., Ceratoneis closterium Ehrenberg, Nitzschia obtusa W. Smith, Surirella 
ovalis Brébisson, Surirella striatula Turpin and other were found in the water column in the littoral zone. The 
observed water bloom was provided by Synechocystis salina Wisl. at the time of sampling in the 2001 year, 
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and Dunaliella salina right up to brine reddening in the 2008 year. It is necessary to note representative riches 
of genus Dunaliella Teod. So 77.8 % of the total diversity of the revealed species of this genus for Iran has 
been identified in the Orumieh Lake. 

Thus, lake algological diversity depends on its degree of salinity which in one's turn depends on 
atmospheric precipitation on this territory and river full-flowing. Now, algological diversity grows poor because 
of yearly inflow decrease of river waters and as result of increase in lake salinity. 

 
2. EVOLUTION OF GENES, GENOMICS, META-GENOME ANALYSIS OF BIOLOGICAL COMMUNITIES. 

, , .  
 
 

DINOFLAGELLATE GENETIC DIVERSITY DURING SPRING ICE-COVERED PERIOD  
IN THE LAKE BAIKAL 

Annenkova N.V., Belykh O.I., Belikov S.I. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

Different communities of organisms living under the ice was known for a long time but stay little investigated, 
especially in fresh waters. Baikal is the oldest and the deepest freshwater lake. Some planktonic organisms 
including photosynthetic one’s live in it in Spring, when the lake is covered by ice. Dinoflagellates are one of the 
main component of this under-ice Baikalian community (Tanichev&Bondarenko, 1995). These protists have two 
flagella, some of them are phototrophs, but others are geterotrophs, also several taxons are symbionts and 
parasites. 

In the present study we carried out the first investigation of the genetic diversity of the dinoflagellates 
from the Baikalian under-ice community. To do this, metagenomic approach was used: we isolated 18S rDNA 
fragments of the dinoflagellates from the water probe with using dinoflagellate specific primers and created a 
DNA library with 58 clones on the base of these fragments. These clones were analyzed with RFLP analysis 
and sequencing of 30 clones. The water probe was taken in April when there was the main dinoflagellate 
diversity according to microscopic data. Also we analyzed one more clone library based on partial dinoflagellate 
18S rDNA probe that was taken in the beginning of March. At that time there was practically the one 
dinoflagellate morphospecies known as endemic Gymnodinium baicalense in plankton. According to our and 
other studies this species was the most dominant within dinoflagellates in spring seasons. Sequences 
determined by us and those that were chosen from the GenBank/NCBI, were included into phylogenetic 
analyses by Bayesian and maximum likelihood methods. Akaike information criterion was used to select the 
substitution model for the analyses. 

Obtained new nucleotide sequences clustered with well-known dinoflagellate species with various 
degrees of statistical support. We proved the existence of Gyrodinium helveticum in the Baikalian plankton, this 
species is typical for freshwater lakes and stays active for all seasons except winter (Takano&Horiguchi, 2004). 
Also there was Peridinium aciculiferum in our probe, it was previously described from some European lakes as 
spring blooming species. P. aciculiferum seems to be a freshwater toxic dinoflagellate (Rengefors&Legrand, 
2007). We determined a phylogenetic position of Gymnodinium baicalense, that dominated within the under-ice 
dinoflagellate community and stopped blooming when the ice was broken. It was found that this species is 
closely related to unknown dinoflagellate from the glacial sample from Kongsfjorden, Greenland. Also marine 
Gymnodinium aureolum was in one clade with G. baicalense.  Thus G. baicalense had little similarity with other 
known for this moment freshwater species and more closely related to marine dinoflagellate living on the ice. In 
addition it had to be mentioned about several nucleotide sequences that did not form significant clades with 
other species though they clustered with representatives of Gymnodiniaceae or Peridiniaceae. Probably, a part 
of these sequences belonged to other species, e. g. to endemic Peridinium baicalense that was into analyzed 
probe according to microscopic data. On the other hand heterogeneity of the clades under discussion may be 
because of some intraspecific processes and implies an extended evolution of them in the lake. 

Thus under-ice Baikalian community includes the whole specter of various dinoflagellates in which the 
species that phylogenetically is more close to marine ones dominates. Dinoflagellates are among the first 
planktonic organisms that appeared in early spring and they are very important for zooplankton nutrition. Spring 
under-ice life play a high role in the ecosystem activity of Lake Baikal, so it is needed in future studies and 
protection. 
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GENETIC RELATIONSHIPS OF WHITEFISH COREGONUS SPP. OF THE OB' RIVER  
AND YENISEI RIVER BASINS 

Baldina S.N.*, Gordon N.Yu.*, Isaeva O.A. **, Politov D.V.* 
* N.I. Vavilov Institute of General Genetics RAS, 3, ul. Gubkina, Moscow 119991 Russia 

**Federal State Research Institution ‘Institute of Ecology of Fishery Water Bodies’,  
33, Commune of Paris st., Krasnoyarsk 660097, Russia 

SvetlanaNik@yandex.ru, dmitri_p@inbox.ru 

Coregonid fishes (Coregonidae, Salmoniformes) are key elements of the ichthyofauna in large river systems of 
Siberia such as the Ob' and Yenisei Rivers. Low-rakered Siberian whitefish (Coregonus pidschian s. l.) is the 
most polymorphic coregonid species. In the Ob' R. and Yenisei R. it is represented by a number of allopatric 
and sympatric populations and various ecomorphological forms. We studied intraspecific genetic structure of 
Siberian whitefish and other Siberian coregonid species by means of mitochondrial DNA variation (PCR-RFLP 
of ND-1 fragment) and 31 allozyme loci. Ordination of samples by Principal Component Analysis based on 
allozyme data revealed several clusters. First group is represented by endemic whitefishes of Lake Teletskoe 
located in the upper Ob' River basin. Both sympatric forms, low-rakered euryphagous Teletski whitefish C. 
smitti and dwarf pelagic medium-rakered Pravdin's whitefish C. pravdinellus share unique or untypical for 
whitefishes alleles in allozyme loci IDDH-1,2*, LDH-A1,2*, PGM-2 that sharply differs them from the Arctic Sea 
populations of C. pidschian inhabiting lower reaches of the Ob' and other Siberian rivers. Despite the possibility 
of potential gene exchange within the Ob' R. basin the Lake Teletskoye whitefishes seem to be completely 
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isolated from the Arctic Sea C. pidschian due to unsuitable anaerobic fish kill conditions of the middle Ob' and 
generally low migratory activity of this species. Since the construction of the dam of the Novosibirsk 
hydroelectric power station it serves as an additional barrier for whitefish migration. Despite the marked 
morpho-ecological differences the two sympatric L. Teletskoe forms genetic differentiation was very low 
indicating recent origin from a common ancestor and incomplete isolation between them. Most likely coregonid 
speciation within the lake has occurred since Pleistocene as a result of sympatric speciation rather than 
through multiple invasions. Within the Yenisei R. basin concentration of specific alleles marking the south 
Siberian gene pool decreases from upper Yenisei R. (Lake Azas, Lake Kadysh and Hamsara R. in Todzha 
Valley) to lower Yenisei (the Kureika River and the Yenisei Bay). Therefore, whitefishes of lower Yenisei R. 
basin are much closer to typical subarctic pidschian while upper Yenisei whitefishes represent hybrid swarm 
incorporating both ‘southern’ (‘subalpine’) and ‘subarctic’ alleles and mitochondrial haplotypes. Genetic 
differentiation was higher within southern populations and between southern and northern populations, while 
northern (subarctic) group was genetically relatively uniform from Europe to Eastern Siberia. Mitochondrial DNA 
data also demonstrate presence of unique composite haplotypes in the upper Ob' and Yenisei basins and clear 
differentiation from other whitefishes but L. Teletskoye haplotypes were not so strikingly diverged from others 
as it was observed in allozymes. The obtained data indicate occurrence of separate south-Siberian lineage of 
Siberian whitefish well differentiated from other lineages and preserved in most pure form in upper Ob' River. 
The Yenisei R. serves as a main route of gene exchange between southern and northern whitefish gene pools. 
The third major gene pool is represented by Lake Baikal coregonids, Baikal omul C. migratorius, lake whitefish 
and lake-riverine whitefish. Up to date there is little information about gene exchange between Baikalian 
coregonids definitely representing a single evolutionary lineage, and other Yenisei R. coregonids. Our mtDNA 
data indicate that Yenisei riverine whitefish may be very close to lake-riverine whitefish of Lake Baikal (also 
known as 'Baikalian pidschian'). All these findings need to be confirmed by data from other genetic markers and 
further examined in broader phylogeographical context.  

The study is supported by Russian Foundation for Basic Research grant 10-04-01757-a, by Programs of 
Fundamental Research by Presidium of RAS “Biodiversity’ (Genetic Diversity and Gene Pools’) and ‘Biospere Origin and 
Evolution of Bio-Geoecological Systems’ and by Division of Biological Sciences of RAS ‘Bioresources of Russia’. 
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BAIKAL WHITEFISHES (COREGONIDAE) AS AN OBJECT OF ECOLOGICAL GENOMICS 
Bychenko O.S.*, Azhikina T.L.*, Belomestnikch T.V.**, Sukhanova L.V.** 

*M.M. Shemyakin and Yu.A. Ovchinnikov Institute of Bioorganic Chemistry RAS,  
16/10, Miklukho-Maklaya st., Moscow 117997, Russia 

** Limnological Institute SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 
lsukhanova@yandex.ru 

Having the unusual propensity to rapid speciation and adaptive radiation Coregonidae are becoming a model 
system for studying the genomic basis of adaptive divergence and reproductive isolation (Stott & Todd 2005; 
Hudson et al., 2005; Bernatchez et al., 2010). Of particular relevance is the occurrence both in North America 
(taxon C. clupeaformis) and Eurasia (taxon C. lavaretus) of lacustrine forms of true whitefish that live in 
sympatry (pelagic and benthic ecotypes). Phylogenetic studies confirmed that similar ecotypes from different 
lakes likely have a polyphyletic origin and appeared in the process of recent parallel evolution during postglacial 
divergence into pelagic and benthic niches in each of these lakes (Bernatchez et al., 2010). Moreover, during 
last few years intensively used gene expression studies have shown for some genes that this parallel 
phenotypic evolution of whitefish ecotypes accompanied by parallelism in expression of the genes potentially 
underlying phenotypic divergence (Derom, Bernatchez 2006; Derome et al. 2006; Whiteley et al. 2008; Jeukens 
et al., 2009). 

Baikal omul C. migratorius Georgi and Baikal whitefish C. baicalensis Dybowski represent one more case 
of sympatric postglacial whitefish divergence into pelagic and benthic niches (Sukhanova et al. 2004). But Lake 
Baikal is the only place were whitefish sympatric divergence repeated many times within the same water body 
over long period of time (not less then one million years) without secondary contacts with other coregonid 
lineages. Another peculiarity consists in multilevel pattern of intraspecific phenotypic divergence, pronounced in 
the pelagic ecotype (omul). Such multilevel structure is determined by availability of multiple ecological niches 
in the large, deep oligotrophic lake with high structured water body (Smirnov et al., 2009). 

A whole genome comparison of Baikal whitefish and omul using subtractive hybridization did not reveal 
any extended sequences specific to one of the two genomes (Bychenko et al 2009). All differential fragments 
found in that work had polymorphic character, differed by single oligonucleotide substitutions and short indels, 
and belonged to non-coding genomic regions: introns, micro- and minisatellites, as well as transposon-like 
structures. It might suggest that although genetic differences between coregonids at early stages of evolution 
are minimal in terms of genomic DNA sequence, they still can affect expression of some genes through e.g. 
mutations or heritable epigenetic modifications in cis-regulatory sequences. 

Using the SAGE method (Serial Analysis of Gene Expression) (Velculescu 1995), we have performed a 
comparative study of Baikal whitefish and omul brain transcriptomes. At least ~4% of short representative 
cDNA sequences (tags) revealed quantitative non-polymorphic differences between the fishes under study. We 
showed that most tags more represented in whitefish than in omul had a resemblance to protein synthesis and 
regulatory genes. In contrast, tags more represented in omul were mostly similar to segments of metabolism 
genes. These results are in agreement with those obtained in transcriptomics studies of North American (taxon 
Coregonus clupeaformis) whitefish sympatric pairs. Some tags differentially expressed in brain of whitefish and 
omul were similar to cDNA of genes of the nervous and immune systems and of DTSsa4 Tc1-like DNA 
transposons. It should be noted that in whole genome comparison (Bychenko et al 2009) many of differential 
fragments located close to coding regions of the immune system genes were 65-85% similar to 1-like 
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transposons widely spread among fishes (Bychenko et al. 2009). The corresponding tags being ~3 fold better 
represented in the Baikal whitefish transcriptom library. 

Undoubtedly, the most important candidate genes related to the adaptive divergence of Baikal whitefish 
and omul, identified in this work, still need to be examined. The issues that remain open are: 1) is parallelism in 
phenotypic adaptation of Lake Baikal and other whitefishes toward the use of the pelagic niche is accompanied 
by parallelism in candidate gene transcription; 2) is multilevel pattern of intraspecific phenotypic divergence in 
pelagic form in Lake Baikal accompanied by differences in extent of candidate gene transcription? 

The work was financially supported by RFBR grants 05-04-486880- , 10-04-01583- , and grants of the Program 
of principal scientific schools of Russia (project 2395.2008.4) and the Program ‘Molecular and Cellular Biology’ of the 
Presidium of the Russian Academy of Sciences. 
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SOFTWARE FOR SIMULATION OF THE BROKEN GENE FLOW IN ONE-DIMENSIONAL POPULATIONS 
Bukin Y.S. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
bukinys@lin.irk.ru 

The study population structure of modern species using molecular genetic data is of great interest for scientist 
which connected the fact that the population represents a structural unit of microevolution, in which changes 
under the influence of gene drift and natural selection. The using genetic data, in particular molecular 
characteristics of organisms can most accurately define the extent of intraspecies genetic variability and 
geographic boundaries of populations. 

Often naturally species have ribbon area of habitats. If the time spent by the organism to cross 
intersection of the ribbon area is less than or comparable with the duration of a generation, all the processes 
associated with the formation of genetic diversity will be determined by the flow of genetic information along the 
area. Such area of habitats, in terms of genetics, can be considered relatively one-dimensional. The boundaries 
of the populations on the one-dimensional area is areas where suspended or significantly slows down the flow 
of genes along the area. One example of a one-dimensional area is littoral zone of Lake Baikal. Flows of 
genetic information between different groups within a species at the littoral zone are directed along the coast of 
the lake. 

For some species of the littoral zone of Lake Baikal and other ancient lakes on the basis of genetic data 
set population structure. The researcher, based on some facts, may suggest a hypothesis to explain the 
formation in this species of the similar population structure and genetic polymorphism. One way of testing 
hypotheses of this kind is mathematical-computer model that test proposed scenario under given population 
parameters. 

In our work, we offer a program that implements a model of population dynamics on the one-dimensional 
area of habitat. The main characteristic of area in model is the maximum allowable density of organisms at 
each point. User before the numerical experiment divides the one-dimensional area into segments in each of 
which specifies its maximum allowable density of organisms. Making it, the researcher models the one area 
that is typical for the studied species. The other parameters in the model are the mobility and rate of 
reproduction of organisms. 

Each individual in the model is given its own "nucleotide sequence» that passed from mother to offspring 
(model of mitochondrial DNA). When the sequence is passed from parents to offspring with a given probability 
the mutation can occur. At the end of each simulation researcher can compare the molecular data model with 
data obtained in the study of natural populations. On the basis of comparison model and real data it is possible 
to do conclusions about the applicability of the hypothesis of formation of population structure of species and 
genetic polymorphism. 

Figure 1 shows an example of the work of the program when the area of habitat of the species with x 
coordinates between 0 and 1 is divided into 4 segment separated by regions with unfavorable conditions for the 
existence of the species. The left side of the figure shows the dependence of the function K (x) - the maximum 
possible density for the coordinates x on the area. The right side figure shows the scheme of resettlement 
organisms and the formation of population structure in the process of computer numerical experiment. 
The algorithm of the program and the modeling method is based on an individually-based approach proposed 
in the papers (Dieckmann&Doebeli, 1999; Doebeli&Dieckmann, 2000) and then used by us in previous studies 
(Semovski et al, 2003; Bukin et al., 2007). 
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Fig. 1. The scheme of computer numerical experiment on modeling the formation of population structure of a one-
dimensional heterogeneous area. The figure shows the diagram of the resettlement of organisms in the experiment and the 
dependence of a maximum allowable density of organisms K(x) from the coordinates on the area (  
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COMPARATIVE ANALYSIS OF INTRASPECIFIC GENETIC POLYMORPHISM IN ENDEMIC 
INVERTEBRATES FROM LAKE BAIKAL  

Bukin Yu.S., Kravtsova L.S., Kaigorodova I.A., Novikov A.V., Fazalova V.P., 
Peretolchina T.E., Pudovkina T.A., Petunina Zh.V., Sherbakov D.Yu. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
bukinys@lin.irk.ru 

Studies of intraspecific genetic diversity (polymorphism) at molecular level make it possible to obtain 
information on the population structure of species and history of changes in their abundance and ecology. On 
the one hand, low genetic diversity may indicate low effective abundance of populations or its reduction, i.e. 
recent passing through the ‘bottleneck”. On the other hand, high genetic diversity is evidence of high effective 
abundance of a species and its flourishing for a long period of time. Another factor characterizing the level of 
genetic differentiation is organism mobility. The higher mobility of organisms, the lower genetic diversity of 
these organisms (Semovski et al., 2003; Bukin et al., 2007). Nucleotide sequences of Folmer’s fragment of the 
cytochrome c oxidase subunit 1 (CO1) are often used in studies of population genetic diversity. This marker 
was used for assessment of genetic diversity of the following endemic organisms of Lake Baikal: a mollusc 
Baicalia arinata (Peretolchina et al., 2007), an amphipod Gmelinoides fasciatus (Gomanenko et al., 2005) and 
an oligochaete Pseudorhynchelmis alyonae (Kaigarodova et al., 2009).  

The aim of this work was to compare intraspecific genetic diversity of mitochondrial marker CO1 in 
different groups of Baikal endemic invertebrates and to correlate the results obtained with ecology and probable 
demographic history of these species. A set of nucleotide sequences of populations of molluscs, oligochaetes, 
polychates, amphipods, and chironomids was used for the analysis. A matrix of pairwise genetic differences 
was built for the comparison of genetic polymorphism for each species. Unmatched positions in nucleotide 
sequences were used as a measure for genetic distance. Distribution of pairwise genetic distances for each 
species was estimated from histograms.  

The comparison of histograms revealed (Fig. 1) that all species under study may be divided into three 
groups. Species with low genetic diversity belong to the first group (Baicalia dybowskiana, Liobaicalia stiedae, 
Parabaikalia oviformis, Pseudobaikalia pulla tenuicosta, Pseudobaikalia zachwatkini, Baicalia rugosa, 
Teratobaikalia duthiersii, Baicalia turriformis, Maackia herderiana, and Paratanytarsus baicalensis); the second 
group – species with average level of polymorphism of CO1 marker (Baicalia carinata, Baicalia carinatocostata, 
Korotnewia korotnevi, and Godlewskia godlewskii), and the third group is represented by species with high 
level of genetic diversity (Pseudorhynchelmis alyonae and Manayunkia godlewskii). 

The majority of molluscs with low genetic diversity (B. dybowskiana, L. stiedae, P. oviformis, P. pulla 
tenuicosta, B. rugosa, and T. duthiersii) are few in number and widespread around Lake Baikal inhabiting the 
depth from10 to 100 m. Low genetic diversity, in this case, it attributed to low effective abundance of 
populations. Some species of molluscs with low genetic diversity are numerous but inhabit rocks (B. turriformis) 
and boulders (M. herderiana) within the depth between 3 and 30 m (P. zachwatkini). Low genetic diversity may 
be caused by fluctuations of the lake level and sharp decrease in the abundance of these species for the past 
tens of thousand years. Chironomids P. baicalensis possess low genetic diversity because of high mobility of 
their imagoes accelerating exchange of genes among distant groups. Widespread occurrence and high 
abundance of B. carinata, B. carinatocostata, K. korotnevi, and G. godlewskii indicate high effective abundance 
of populations thus providing average genetic diversity of molluscs. Baikal endemic worms P. alyonae and M. 
godlewskii possess high genetic diversity due to their very low level of mobility which considerably increases 
intraspecific genetic polymorphism (Semovski et al., 2003; Bukin et al., 2007). 

This work was supported by RFBR Grants Nos. 09-04-00972-a, 08-04-98046-r_Siberia_a, and 08-04-98063-
r_Siberia_a. 
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Fig. 1. Typical distribution of pairwise intraspecific genetic distances on the example of some Baikal endemic species. a) 
Baicalia turriformic – low genetic diversity; b) Baicalia carinata – average genetic diversity, and c) Pseudorhynchelmis 
alyonae – high genetic diversity (  
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PHYLOGENETIC DIVERSITY OF CANINE DISTEMPER VIRUS IN LAKE BAIKAL SEAL  
(PHOCA SIBIRICA) POPULATION 

Butina T.V., Trukhan I.S., Belikov S.I. 
Limnological Institute, Siberian Branch of Russian Academy of Sciences, Irkutsk, Russia 

butina@lin.irk.ru 

Morbillivirus epizootics in marine mammals have been found in a variety of marine mammal species throughout 
the world over the past 20 years. The virus epizootic which resulted in significant mortality of Siberian seals 
(Phoca sibirica) in Lake Baikal during 1987/88 was caused by the canine distemper virus (CDV) (Grachev et 
al., 1989). 

The aim of our study was an up to date detection of CDV in Baikal seals and an evaluation of the 
genetic diversity of Baikal DVs in comparison with other virus strains available in the GenBank on the basis of 
nucleotide sequence analysis of the phosphoprotein gene fragment. We analyzed the seal tissues samples 
collected in the period of 2000-2008 and compared our data with those received before. The total RNA was 
isolated with kits “Ribozol” (“InterLabService”, Russia). The reaction of reverse transcription polymerase chain 
reaction (RT-PCR) was performed as described by Barrett et al. (1993). DNA fragments obtained in the 
RT/PCR reaction were analyzed by direct sequencing on a Beckman Coulter 8800 automated sequencer. 
Phylogenetic trees were reestablished with Bayesian inference method using MrBayes v3.1.2 (Huelsenbeck& 
Ronquist, 2001). 

Phylogenetic analysis revealed that the majority of CDVs recovered from 1992 till 2008 were similar to 
the one responsible for the epizootic of Lake Baikal seals during 1987/88. The isolate of this virus belong to the 
Arctic group of CDVs. Several virus structures of 1995 strongly differed from the others and they were more 
similar to isolates from Europe, USA and Japan.  

In conclusion, it was found that CDV has been circulating among Baikal seals during all period since the 
epizootic of 1987/88 with an average infection rate of several tens of percents. Our results of phylogenetic 
analysis suggested that at least two different genotype of CDV has been circulating in Lake Baikal since 
1987/88 and Arctic-like CDV strain, responsible for the epizootic, is prevalent so far. So the probability of future 
outbreaks of CDV in Lake Baikal seals as well as in other wild animal populations is very high. 

This research was supported by the Russian Foundation for Basic Research, project 08-04-98059. 
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GENETIC MECHANISMS OF SYMPATRIC SPECIATION IN LANDLOCKED LAKES (ON THE EXAMPLE OF 
TRANSBAIKALIAN CHARRS) 

Gordeeva N.V.*, Alekseyev S.S.**, Matveev A.N.***, Samusenok, V.P.*** 
*N.I. Vavilov Institute of General Genetics RAS, 3, ul. Gubkina, Moscow 119991, Russia 

**N.K. Kol’tsov Institute of Developmental Biology RAS, 26, ul. Vavilova, Moscow 119991, Russia 
*** Irkutsk State University, 5, Sukhe-Batora st., Irkutsk 664011, Russia 

ribka04@mail.ru 

Tracing initial stages of speciation is among the top goals of evolutionary research. The study of the 
mechanisms of organisms’ diversification is most effective in polymorphic groups undergoing rapid adaptive 
radiation. Arctic charr Salvelinus alpinus (L.) complex are among the best model objects for such studies due to 
high phenotypic plasticity and ecological polymorphism exhibited in extreme conditions of coldwater habitats 
throughout their wide range. Transbaikalia is an isolated part of charr range very far to the south from 
circumpolar northern distributions. In this area relict populations of Arctic charr inhabit landlocked alpine lakes 
in headwaters of the tributaries of Baikal Lake and the Lena River. Arctic charr in Transbaikalian lakes are 
morphologically and ecologically diverse, in most lakes 2 or 3 sympatric forms were found, - the large, small, 
and dwarf form.  

Variation at eight microsatellite loci and at growth hormone 1 gene (GH1) was studied in Arctic charr from 
14 Transbaikalian lakes in order to assess their genetic divergence and speciation modes involved in the origin 
of intralacustrine forms. Differentiation among populations was high and comparable with that among north 
European charr populations. Genetic distances were positively correlated with geographic (along water way) 
distances between lakes in the assumption of the dispersal of charr to the Baikal basin from the headwaters of 
the Chaya River (the Lena basin) over Baikal-Lena divide. Geographic distribution of some microsatellite alleles 
and GH1 variants may be considered as indicator of recent colonization routes. Correlation between genetic 
distances and estimates of morphological similarity (calculated from 9 meristic characters) between sympatric 
forms was significantly negative. Estimates of genetic diversity were positively correlated with lake size. In all 
lakes with sympatric forms these had common alleles private to the lake and formed monophyletic groups in 
phylogenetic trees which strongly suggests their independent intralacustrine origin in different lakes on the 
basis of sympatric speciation. The only exception was observed in parapatric populations of two closely 
connected (0.3 km) lakes where separation of forms probably occurred as a single event.  

Hierarchical analysis of molecular variance (AMOVA) showed that the portion of inter-population 
variability due to differences between sympatric forms (10 % of total variance) is comparable with component 
described genetic variation among major basins (Baikal, Chaya, Vitim, Olekma; 7.9 % of total variance). The 
degree of differentiation between sympatric forms varied among lakes (mean FST = 0.166) up to complete 
segregation of their gene pools in two lakes. Estimates of gene exchange m varied from 0.001 to 0.05. The 
most abundant dwarf form had highest effective numbers and genetic diversity because it occupies the most 
stable pfoundal habitat. Large charr are a rare and the less stable form. We suppose that this form can be 
originated de novo from other sympatric (small or dwarf) forms. 

Thus, we can conclude that intralacustrine forms of Arctic charr in Transbaikalian lakes represent more or 
less isolated populations. These forms have sympatric origin and thus, are result of repeated evolution. In 
different Transbaikalian lakes different levels of divergence of forms is observed, although the lakes were 
colonized by charr approximately at the same time, after the last glaciation. We can assume that in each of the 
lakes sympatric charr forms are likely in stable equilibrium (as “dumb-bell-shaped” structures sensu 
Kondrashov, Mina, 1986) which is determined by the properties of lake ecosystems. 
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SYMPATRIC FORMS OF WHITEFISHES OF TRANSBAIKALIAN LAKE ORON 

Gordon N.Yu.*, Baldina S.N.*, Matveev A.N.**, Politov D.V.* 
*N.I. Vavilov Institute of General Genetics RAS, 3, ul. Gubkina, Moscow 119991 Russia 

** Irkutsk State University, 5, Sukhe-Batora st., Irkutsk 664011 Russia 
gordon@vigg.ru 

The lake Oron concerns to a river basin Vitim, proceeding in a Baikal rift zone and a large Siberian river of Lena 
being by the top inflow. The lake has significant depths and extensive shoalinesses (up to 22 % of the area of a 
bottom) with sandy-oozy grounds. Rather heats of water and other seasonal hydrological features cause 
development phytoplankton, the maximum water vegetation and rich invertebrate fauna. The structure of 
ichthyofauna lakes is complex, 19 species of fishes, characteristic for northern-asian reservoirs of a faunistic 
complex (Matveev, Samusenok, 2006) here live. 

Whitefishes of genus Coregonus are presented in lake to two sympatric by forms. One of them - 
lacustrine-riverine whitefish until recently has been presented to two sorts: fast- and slowly growing. Modern 
researches have shown, that, noted Yu.E.Kalashnikov (1978) slowly growing form lacustrine-riverine whitefish, 
has practically disappeared as a result of a long unregulated gill-net fishing. Other form – lacustrine whitefish 
with high gill rakers number, in Kalashnikov's opinion (1978) has subspecies status C. lavaretus oronensis 
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Kalaschnikov. Modern researchers are inclined to consider it as lacustrine whitefish with  middle number of gill 
rakers. Thus, the researches lead till now and based only on morphometric and ecological data, do not give the 
certain answer to questions about taxonomic status, phylogenetic attitudes and an origin whitefishes of Lake 
Oron.  

Our problem was to find answers to these questions using the genetic approach. As a molecular-genetic 
method has been applied fulfilled earlier (Politov et al., 2000) the PCR-RFLP analysis mitochondrial gene ND1 
dehydrogenase complex. Having applied this approach, we have analysed 18 samples of lacustrine-riverine 
whitefishes and 27 samples lacustrine whitefishes with middle number of gill rakers. In total it has been 
received 11 composite haplotypes from which general – 3 and on 4 haplotypes was present at each form as 
rare. 

On our preliminary data it is necessary to note, that all haplotypes, found out at Lake Oron whitefishes, 
do not meet among others investigated by us before kinds and forms whitefishes on all area of their dwelling in 
Russia, except for haplotypes Z6436 and M5535. Haplotypes Z6436 and M5535 have appeared the general 
and at coregonids, living in Lake Baunt. Haplotypes Z6436 and Z6410 have been found out also in lacustrine-
riverine whitefishes, caught at settlement Ust’-Kut, middle reaches of Lena River. Besides haplotype Z6436 it 
has appeared in whitefishe from Lake Dodot of Todja depression, the upper reaches of Yenisei River.  

Both forms Lake Oron whitefishes have differences from other kinds investigated by us and forms 
whitefishes some Siberian lakes. Lake Oron whitefishes have constant haplotype W1 on restrictase Hinf I which 
at others whitefishes meets seldom. Among themselves lacustrine-riverine whitefishe and lacustrine whitefishe 
of Lake  Oron differ on frequencies of haplotypes N and W2 on restrictase BstU I. Hardly it is possible to 
consider such distinction diagnostic, that would enable to distinguish on haplotype lacustrine – riverine 
whitefishe and lacustrine whitefishe of Lake Oron. 

Our researches have shown that whitefishes, living in Lake Oron, are combined into homogeneous 
genetic group by presence of the general mitochondrial DNA. Sympatric speciation has led to morphological 
distinctions of both whitefishe forms by prefernce of their to the different ecological conditions existing in same 
large reservoir. Presence of the general haplotypes in Lake Oron whitefishes and whitefishes caught in middle 
reaches of Lena River and in the upper reaches of Yenisei River speaks about communication of basins of 
these large rivers up to a raising and final formation of the Baikal depression, it is probable in Pleistocene, that 
in turn proves to be true geological researches of Baikal rift zone. 

Work is supported by Russian Foundation for Basic Research grant 10-04-01757-a, by Programs of Fundamental 
Research by Presidium of RAS “Biodiversity and Gene Pools’ and ‘Biospere Origin and Evolution of Geo-Bioecological 
Systems’ and by Division of Biological Sciences of RAS ‘Bioresources of Russia’. 
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SILICATEIN GENES – THE POSSIBLE MOLECULAR MARKERS FOR THE IDENTIFICATION OF CLOSELY 
RELATED SPONGE SPECIES 

Kaluzhnaya O.B., Itskovich V.B., Solovarov I.S., Belikov S.I. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

x-sun77@rambler.ru  

Sponges (phylum Porifera), the evolutionarily oldest metazoans, support their body by a skeleton of 
biomineralized spicules and collagenous extracellular matrix (Simpson, 1984). Spicules of sponges belonging 
to dominant class Demospongiae contain silicateins – proteins witch take part in biogenic silica precipitation 
and determination of the spicule morphological features. Baikal, the most ancient lake characterized by 
exceptional biodiversity and higher percent of endemism (80%), is inhabited by 18 sponge species, of which 13 
form the endemic family Lubomirskiidae. The baikalian sponge species are closely related and difficult to 
identify by morphological methods. Phylogenetic analyses based on the well-known markers such as 18S rRNA 
gene, COXI gene ans ribosomal internal transcribed spacers (ITS) are informative only on family and genus 
levels. As additional molecular approach for closely related species identification might be checkout the protein-
coding genes and their exon-intron structures.  

In this study 15 sequences of different silicatein gene fragments (3-6 exones, 3-5 intrones) of 7 endemic 
and cosmopolitan sponge species (B. intermedia, B. fungiformis, L. baikalensis, L. incrustans, Swartschewskia 
papyraceae, Ephydatia muelleri, E. fluviatilis and Spongilla lacustris) were determined. All phylogenetic 
reconstructions were performed using neighbor-joining, maximum likelihood methods and Bayesian analysis. 
Phylogenetic analysis based of translated silicatein fragments of all known sequences (of marine and 
freshwater sponges) show that freshwater sponge silicateins authentically differ from marine group making 
separate clade in witch break up into four clusters, corresponding to four silicatein isoforms. However several 
branches in freshwater clusters are still non-separated. Better result was obtained when exon-intron sequences 
were used for phylogenetic analysis. In this case not only clusters of the different silicatein isoforms were 
separated but also different species into these clusters. This result indicates that the most inter-species 
differences are take place into non-coding (intron) part of of silicatein genes. Further investigation of the 
silicatein genes sequences and structure gives a good promising for the development of molecular marker for 
the closely related sponge species identification. 

DIVERSITY OF BACTERIA ASSOCIATED WITH LAKE BAIKAL SPONGES AND IDENTIFICATION OF 
POLYKETIDE SYNTHASE GENES IN SPONGE-DERIVED STRAIN Pseudomonas fluorescens 28Bb-06  

Kaluzhnaya O., Terkina I., Itskovich V. 
 ,3, ,  664033,  

x-sun77@rambler.ru 

Phylum Porifera consists of approximately 15,000 species inhabiting marine and freshwater environments. 
Although most sponges are found in the marine environment, an estimated 150 species populate freshwater 
habitats. Since sponges are filter feeders they make associations with great amount of microorganisms. 
Molecular ecological studies have suggested that a majority of sponge-associated microbes are uncultured. 
Investigation of cultured microorganisms derived from sponge communities is also important so far they can 
produce a novel bioactive metabolites. In recent years, a numerous studies have concerned to estimation of 
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microbial diversity and to detection of the ability of sponge-associated bacteria to produce different bioactive 
compounds, large number of which are polyketides. In contrast to marine sponges, freshwater-sponge 
microbial communities are poorly studied.   

In present work for the first time the uncultivated bacterial diversity associated with the endemic baikalian 
sponge L. baicalensis was described employing 16S rRNA gene library construction, restriction fragment length 
polymorphism (RFLP) and phylogenetic analysis. Primers specific for bacteria 16S rRNA (9F and 1525R) 
yielded a band of the expected size of 1500 bp; combined PCR products were cloned into the vector pTZ57R/T 
(Fermentas), yielding 230 independent clones. A total of 102 bacterial clones were subjected to RFLP-analysis, 
resulting in 22 restriction patterns. One clone from each group was randomly chosen for sequencing. The 
BLAST and phylogenetic analyses indicate abundant bacterial diversity in sponge L. baicalensis. About 36% of 
sponge-derived microbial sequences were related to Actinobacteria (n = 8), which is a potential resource for 
drug research. Clones affiliated with alpha-Proteobacteria (n = 4), beta-Proteobacteria (n = 4), Verrucomicrobia 
(n = 4), Bacteroidetes (n = 1) were also observed. Cultivation of bacteria associated with baikalian sponges (L. 
baicalensis and Baikalospongia bacillifera) resulted in isolation of 85 strains, 30 of which were identified by 
microbiological and molecilar (16S rRNA) methods. Most of the strains analyzed were belong to phylums alpha-
, gamma-Proteobacteria, Firmicutes and Actinobacteria. Strain Pseudomonas fluorescens 28Bb-06 was chosen 
for molecular screening to determine the presence of PKS genes. Four obtained KS-domain sequences shared 
40-53% identity to each other at amino-acid level and 51-66% identity with PKS genes of different bacteria 
including producers of yersiniabactin (Ybt; siderophore, virulence factor), rhizoxin (RhiA, antimitotic agent with 
anti-tumor activity), epothilone (EpoE; cytotoxic agent) and disorazol (DszA; inhibitor of tubulin polymerization). 
Low homology percent of obtained sequences with those published in GenBank may indicate that P. 
fluorescens 28Bb-06 is able to produce secondary metabolites not previously characterized. Our results 
revealed the high diversity of Lake Baikal sponge microbial community and potential ability of microorganisms 
associated with baikalian sponge to produce the novel bioactive compounds. 

DIVERSITY OF POLIKETIDE SYNTHASE GENES ISOLATED FROM METAGENOMIC DNA SPONGE 
LUBOMIRSKIA BAICALENSIS 

Kulakova N.V., Kaluzhnaya O.V., Itskovich V.B., Belikov S.I. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 

kulakova@lin.irk.ru 

Sponges are a rich source of various biologically active metabolites - polyketides synthesized by polyketide 
synthases (PKS) – large multienzyme complexes. Many of the detected polyketides with various biological 
activities – anticancer, antibacterial, and others, have been isolated from microorganisms associated with the 
sponge, but the freshwater sponges in this regard remain poorly understood. Lubomirskia baicalensis sponge 
was collected in Lake Baikal near Listvyanka from 10-15 m depth. Metagenomic DNA was analyzed by PCR 
and sequencing to identify PKS genes and nonribosomal peptide synthetase (NRPS) genes determining the 
synthesis of secondary metabolites and toxins. 18 sequences were obtained from PCR with degenerate 
primers specific for conservative regions of PKS genes, whereas with primers for PCR identification of NRPS A 
domain, no PCR product was detected.  

An analysis of translated amino acids showed that all gene fragments were assigned to the modular PKS 
type I, widely represented in the bacterial community of a sponge. The analyzed sequences most closely 
clustered with members from groups of Cyanobacteria, Myxobacteria, Proteobacteria, Verrucomicrobia and 
unicellular green algae. Homology of amino acid sequences within the studied group was 35-99%, whereas 
homology with sequences taken from GenBank database did not exceed 70%. Phylogenetic analysis showed 
that half (9 of 18) of all sequences belongs to clade of PKS genes derived from Cyanobacteria, but only three 
sequences clustered with free-living coastal strain of Synechococcus sp. CC9311 with the high bootstrap. 
Some PKS sequences were found from Proteobacteria and Verrucomicrobia groups. One of sequences 
clustered with PKS obtained from genus Methylobacterum and Beijerickia, another sequence clustered with 
PKS from genus Burkhoderia, known for producing of different polyketides. Separate branch of unicellular 
green algae PKS included two of obtained sequences. 

Analysis of obtained sequences indicates the great diversity of PKS genes in the metagenomic DNA L.b. 
and suggests the existence of a wide spectrum of secondary metabolites in freshwater sponge. Farther study is 
necessary to indicate and caracterized polyketides from baikalian sponges. 
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GENETIC STRUCTURE AND RELATIONSHIPS BETWEEN POPULATIONS OF SIBERIAN PIDSCHIANS 
Luczynski M.*, Mamontov A.M.**, Yakhnenko V.M.** 

*Department of Environmental Biotechnology, University of Warmia and Mazury,  
Sloneczna 45G, 10-718, Olsztyn, Poland 

** Lymnological Institute SB RAS, Ulan-Batorskaya, 3, 664033 Irkutsk, Russia 

Twelve samples Siberian whitefish from Lakes: Baikal, Labaz, Tsipo-Tsipikanskaya system and Rivers: Upper 
Angara, Barguzin, Lena have been investigated. The fishes are subdivided into the lacustrine, riverine and 
lacustrine-riverine, densely and sparsely gillrakered, generative riverine and generative lacustrine, plancthivore 
and benthivore, with autumn or spring spawning forms. Fishes have been identified on morphological and 
biological characteristics. Allele frequence data were derived from the electrophoretic separation of the enzyme 
products of 33 genetic loci. There are often more genetic differences among sympatric populations or 
ecomorphological groups of populations than among geographically remote forms. It is connected with dwelling 
division of whitefishes on pelagic and benthic and different ecology of spawning. Siberian whitefish from Lake 
Labaz was formed as a result of local adaptation to the conditions of cold water body which was preserved as a 
pre-glacial refugium during the last Pleistocene glaciation. Distribution of loci on region reflects possible related 
relationships of whitefishes. 
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STUDY OF INTRASPECIFIC GENETIC POLYMORPHISM IN SAND SCULPINS AND STONE SCULPINS 
Madyarova Ye.V., Teterina V.I., Sukhanova L.V., Yakhnenko V. ., Bogdanov B.E., Kiril’chik S.V. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 
madyarova@lin.irk.ru 

Baikalian Cottoidei or sculpins is a fishes group comprising three families represented mainly by endemic 
forms. The sculpins are noticeable by rapid evolution rates and can be a good model for studies of speciation 
processes. To study intraspecific genetic polymorphism, we selected representatives of two species of 
Baikalian scilpins: sand sculpin (Leocottus kesslerii, Dybowski, 1874) and stone sculpin (Paracottus knerii, 
Dybowski, 1874). 
Both species inhabit a littoral zone. Stone sculpins are associated with stony grounds and conduct near-bottom 
life. Sand sculpins prefer sandy grounds and have pelagic larvae. Stone and sand sculpins are unique 
representatives of Baikalian Cottoidei the areal of which is not limited by lake territory. 

To study population structure of the species, we have used nucleotide sequences of mitochondrial gene 
of Cytochrom B and polymorphism of micro-satellite DNA. 

The analysis of obtained data on mitochondrial gene of cytochrom B in stone sculpins revealed 
subdivision of the species at least into three groups: southern, north-western and eastern. The micro-satellite 
analysis confirmed the subdivision of stone sculpins into southern, north-western and eastern populations and 
allowed to find smaller island population. 

The polymorphism level in stone sculpins population and the distribution of haplotypes of cytochrom B 
gene by fetching allows to suppose that colonization of stone sculpins in the lake started from the Southern 
basin of Lake Baikal. 

Data analysis both by nuclear and by mitochondrial marker of sand sculpins did not reveal any 
subdivision of this species in Lake Baikal. Thus, Baikalian population can be considered as panmixian one. 

The difference in population structure of the species studied is explained by the availability of pelagic 
larvae in the ontogenesis of sand sculpins, while stone sculpins at all the stages of their development conduct 
near-bottom life. 

This study was supported by RFBR, Projects NoNo 05-04-49003- , 06-04-63150-k. 
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SOME FEATURES OF BAIKAL SPONGE MITOCHONDRIAL GENOME ORGANIZATION 
Maikova O.O., Belikov S.I. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
Idboo8@mail.ru 

Sponge fauna in the Lake Baikal includes the families Lubomirskiidae and Spongillidae. The family 
Lubomirskiidae is endemic, and includes 4 genera and 13 species and 1 subspecies (Efremova, 2004). The 
taxonomy of freshwater sponges, in particular the Lubomirskiidae, is problematic and their phylogeny and 
evolution are not well understood. During the last years many scientists start to analyze the mitochondrial 
genome to solve of these issues. Moreover, recently the sequence of the mitochondrial genome of the Baikal 
sponge Lubomirskia baicalensis was determined (Lavrov, 2009). However, not only coding regions, but also the 
intergenic regions in mitochondrial genomes may provide significant data for understanding the taxonomic low 
level and evolution.  

The nucleotide sequences of the intergenic regions (IGR) of the mitochondrial genome between the 
genes tRNA-Tyr – tRNA-Ile and tRNA-Ile – tRNA-Met of 20 sponges (10 species) from the family 
Lubomirskiidae and 6 sponges (3 species) from the family Spongillidae were determined. The length of these 
sequences ranging from 386 bp in E. fluviatilis (Spongillidae) to 980 bp in L. fusifera (Lubomirskiidae), which is 
associated with the presence of multiple indels. Fore sponges were chosen for the more detailed comparative 
analysis, representatives of all 4 genera the family Lubomirskiidae. An analysis of these sequences has shown 
many inverted repeats that form secondary structures. Some of these secondary structures were previously 
identified in Lubomirskia baicalensis by D.V. Lavrov (Lavrov, 2009). The IGRs of all analyzed Baikal sponge 
has A-T-rich regions localized before tRNA genes, which form a stable hairpin, similar in all sponges.  

We have also found unknown open reading frame (ORF) between the tRNA-Tyr and tRNA-Ile genes of 
mitochondrial genome of sponges from the family Lubomirskiidae. This ORF encodes the putative protein 
which has the length to 67 aa. All amino acid sequences possess the start ATG-codon (at position 28) and the 
stop-codons TAG or TAA at the different positions. Despite the different length of putative protein, it has 21 
amino acids conservative region at the N-end, which is the part of putative transmembrane domain. 

Our study showed that increasing the size of intergenic regions of the mitochondrial genome of the Baikal 
sponge occurs not only due to the insertion of direct and inverted repeats, but also due to presents the open 
reading frames. Thus the Baikal endemic sponges differ from cosmopolitan sponges in there features of the 
mitochondrial genome organization. 
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CHROMATIN ELIMINATION IN AMPHIPODS (CRUSTACEA, MALACOSTRACA) 
Natyaganova .V., Klimenkov I.V., Khanaev I.V. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
avn61@mail.ru 

Chromatin elimination (diminution) is reorganization of genomes organisms at which a part of chromosomal 
material is removed from cellular nuclei to the cytoplasm. This phenomenon is detected in several groups of 
organisms at first stages of their embryogenesis; it is supposed that this is appropriate to numerous eukaryotes 
(Grishanin et al., 2006). During this process not only chromosomal fragments, but also whole chromosomes 
and even their sets can delete from cellular nuclei. Molecular genetic studies showed that eliminated material is 
enriched by non-coded repeated DNA sequences and represents a supercompact chromatin 
(heterochromatin). Biological significance of chromatin diminution is unclear, but, according to some 
suppositions, its role in organisms’ development can be diverse: for the regulation of gene activity, for sex 
differentiation, for interspecies isolation, etc. (Grishanin et al., 2006). The purpose of this communication - 
provide the first data on the chromatin elimination in embryogenesis in representatives of the higher crayfish - 
amphipods.  

We studied two Baikal endemic species: a benthopelagic species Polyacanthisca calceolata Bazikalova, 
1937 and a sponges inhabitant Dorogostaiskia parasitica (Dybowsky, 1874), as well as holarctic freshwater 
species Gammarus lacustris Sars, 1863 from Angara River. We used for cytological analysis light and 
electronic microscopy. The preparations were made from multicellular embryos (at gastrula stage), taken from 
females brood asks. 

During the analysis of embryos of all the three species using light microscopy, we revealed in cytological 
preparations dense bodies of different sizes (1-6 mcm) which shone brightly at staining with a fluorescent, 
DNA-specific dye DAPI. These bodies are positioned either near or in a tight contact with interphase and 
dividing nuclei (Fig. 1a). Intensive staining while using -method (test for heterochromatin) and observed the 
morphological interconnection of these bodies with cellular nuclei allow to consider them as granules of 
eliminated chromatin material. At electronic microscopy studies of preparations of embryos of G. lacustris in 
different regions of interphase nuclei, as well as in cells cytoplasm, we revealed electronically dense chromatin 
material as compact rounded lumps. Also found a deep protrusion of the compacted material, together with the 
nuclear membrane into the cytoplasm (Fig. 1, b). According to the classical concept of the mechanism of 
chromatin diminution, such chromatin body may in the course of cell division to remain outside the daughter 
nuclei. Besides, in nuclei matrix and in cytoplasm ring-shaped structure with the enlightened middle area are 
revealed, they are alike to fiber hanks of different size and density. Interestingly, these structures located out of 
the cell nucleus are always in a tight contact with mitochondrions. Probably, this particularly shaped nuclear 
material is also related to diminution process, as rings of chromatin filaments were observed at DNA elimination 
at some animals (Beerman, Gunther, 1980). Hence, our data show that chromatin elimination during 
embryogenesis can occur not only at first but at later stages (at gastrula stage).  

For amphipods chromosomal sets, including Baikal species, the presence of supernumerary B-
chromosomes as heterochromatin micro-bodies is characteristic (Salemaa, Kamaltynov, 1994). Somatic 
conjugation with formation of big heterochromatin granules is appropriate to -chromosomes (Shcherbakov, 
1967). On the base of this information and of our observations, we can suppose that not only chromosomal 
fragments, but also B-chromosomes can be eliminated material in amphipods. As in amphipods, including their 
Baikal representatives, sexual chromosomes are not revealed, one can suppose that chromatin diminution can 
determine their sexual differentiation. The observed cytological pictures of protrusion heterochromatin material 
in the interphase nuclei of embryos amphipods have high similarity with similar patterns of embryonic cells of 
plant hybrids. It is shown that they eliminated a different number of chromosomal materials of one of the 
parental genomes (Gernand et al., 2005). In this case, the diminution in the amphipods may indicate that the 
hybrid nature of their genetic material.  

Studying of chromatin diminution in the taxonomically rich group of endemic Baikal amphipods (300 
species) selected as models will allow understanding better molecular and cytological mechanisms of 
diminution genome reorganization and its biological significance.  

The study is supported by RFBR grant No 09-04-00781. The authors thank Dr. in Biol. Sci. T.Ya. Sitnikova for 
provided samples of the species P. calceolata  and Cand. In Biol. Sci. I. V. Mekhanikova for its taxonimoc identification. 
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Fig. 1. Chromatin elimination in embryonic cells of amphipods. a – eliminated granules of chromatin among dividing nuclei 
in embryos of D. parasitica — light microscopy; b – chromatine granules inside interphase nucleus (shaped arrows) and 
protrusion of chromatin material from nucleus to the cell cytoplasm (simple arrows) at G. lacustris, N are cells nuclei, 
transmission microscopy ( . a –  
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THE GEOGRAPHY OF PROCESSES OF DIFFERENTIATION OF NORTHERN MONGOLOIDS, 
CAUCASOIDS AND ANCESTORS OF AMERICAN INDIANS 

Nazarova A.F. 
A.N. Severtsov Institute of Ecology and Evolution RAS, 33, Leninskij ave., Moscow 119071, Russia 

afnazar@yandex.ru 

We were distinguished the Caucasoids frequencies of genes of blood proteins and enzymes in populations of 
Altaians. The matrix of genetic distances of 28 alleles of 12 loci of proteins, enzymes and blood groups of 11 
populations of Europe, Asia and America, and than the matrix of genetic distances of 55 human populations of 
Europa, Asia, America Africa and Oceania were calculated. On data of these matrixes we constructed the 
evolutional dendrogrammes. From this dendrogrammes we suggested that Caucasoids were differentiated with 
North Mongoloids and Amerinds from Ancient Asiatic population while Middle Palaeolithic in region of Altay and 
in neighbour regions.The investigations of mitochondrial DNA polymorphism are supported our hypothesis 
about paleoasiatic origin of North Mongoloids, Caucasoids and Amerinds. The haplogroups of mitochondrial 
DNA of different human populations of Eurasia and America were marked the way of ancient tribes in their 
Palaeolithic migrations on map constructed by us.          

The data of Russian anthropologists also supported Palaeoasiatic origin of Caucasoids, for example the 
distribution of frequencies of supraorbital canals in different human populations. Russian scientists decoded the 
petroglifs near Baikal Lake as ancient inscription. This inscription marked the holy plases of the goddess Ama-
terasu who belonged to the pantheon of ancient inhabitants of Nothern Asia (Siberia) who were ancestors both 
of the Shumers and the Khetts (ancient Caucasoids) as well as the Japanese (Mongoloids). There were 
anthropological data about inhabitance of Caucasoids in Northern Asia (Siberia) in palaeolithic. The forehead 
bone of Caucasoid dated 28 000 years ago was discovered near Krasnoyarsk (Buzhilova et al., 2008), and 
bone of neoanthropos dated 43 000 years ago was discovered near Tobolsk (Kuzmin et al., 2009). 

So, as biological data – genetical, anthropological, paleozoological, as archeological and linguistic data 
suggested our hypothesis about that Caucasoids of Europa and Asia, and Northern Mongoloids and ancestors 
of American Indians were haven as center of their differentiation Northern Asia (South Siberia). Those 
populations arrived to places their modern inhabitance after many thousand years of migration. 
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REPEATED UNIDIRECTIONAL INTROGRESSION OF NUCLEAR AND MITOCHONDRIAL DNA BETWEEN 
FOUR CONGENERIC TANGANYIKAN CICHLIDS 

Nevado B., Fazalova V., Backeljau T., Hanssens M. and Verheyen E. 
Royal Belgian Institute of Natural Sciences, 29, r. Vautier, Brussels 1000, Belgium 

bruno.nevado@naturalsciences.be 

With an increasing number of reported cases of hybridization and introgression, interspecific gene flow between 
animals has recently become a widely accepted and broadly studied phenomenon. In this study we examine 
patterns of hybridization and introgression in Ophthalmotilapia spp., a genus of cichlid fishes from Lake 
Tanganyika, using mitochondrial and nuclear DNA from all four species in the genus, and including specimens 
from over 800 kilometers of shoreline. To this dataset we apply a range of phylogenetic and population genetics 
tools, complemented with analysis of simulated datasets under different scenarios of isolation and gene flow 
between diverging species. We show that several populations of the widespread O. nasuta are more closely 
related to sympatric populations of other, more spatially restricted species (O. boops and O. ventralis) than to 
conspecific but allopatric populations. This pattern originated by repeated and independent episodes of genetic 
exchange in different parts of the lake, with unidirectional introgression occurring into O. nasuta. Our analysis 
rejects the hypotheses that unidirectional introgression is caused by natural selection favoring heterospecific 
DNA, to skewed abundances of Ophthalmotilapia species, or to hybridization events occurring during a putative 
spatial expansion in O. nasuta. Instead, cytonuclear incompatibilities or asymmetric behavioral reproductive 
isolation (sexual selection) seem to have driven repeated, unidirectional introgression of nuclear and 
mitochondrial DNA into O. nasuta in different parts of the lake. Thus, while a species’ distribution range creates 
the possibility of hybridization, it does not account for the prevalence of unidirectional introgression, which 
instead seems rather dependent upon individual characteristics of the species involved. 

IDENTIFICATION OF P-GLYCOPROTEIN GENE SEQUENCE OF PALEARCTIC AMPHIPOD SPECIES 
GAMMARUS LACUSTRIS SARS 

Pavlichenko V.V.*,**, Luckenbach T.***, Axenov-Gribanov D.V.*,**,  
Protopopova M.V.*,**, Timofeyev M.A.*,** 

* Irkutsk State University, 5, Sukhe-Batora st., Irkutsk 664011 Russia 
** Baikal Research Centre, Irkutsk, 5, Karl Marx st., Irkutsk 664003, Russia 

*** Helmholtz center for environmental research – UFZ, 15, Permoserstraße, Leipzig 04318, Germany 
vpavlichenko@gmail.com 

Due to the increasing economic activities entering of xenobiotics in to water bodies regulary happens. 
Therefore accumulation of xenobiotics in aquatic organisms increases also, that causes damage of cells and 
mutations. This problem is especially actual for the aquatic organisms as their ability to life highly depends on 
the environment conditions.  

To cope with the negative influence of xenobiotics in all organisms the detoxication mechanisms were 
developed. The majority of organisms possess the mechanism of multixenobiotic resistance (MXR), which 
activates when the xenobiotic penetrates in to their cells. In a basis of this nonspecific process is activity of the 
protein P-glycoprotein. P-glycoprotein multidrug transporter removes from cells the diversified substances.  

This investigation directs to the study of P-glycoprotein gene expression. For this case evolutionary 
conserved part of the genes coding P-glycoprotein was identified by a PCR screening, using degenerated 
primers based on the known sequences from related invertebrates. The PCR products were cloned, 
sequenced, and aligned to these start sequences known from the databases. As housekeeper for Real-time 
PCR was chosen actin gene. All procedures for determination of the actin sequences were the same as for P-
glycoprotein. The aim of this project is to evaluate the P-glycoprotein multidrug transporter activity as stress 
biomarker in common Palearctic (European) species. Levels of synthesis P-glycoprotein and the deducing 
activity will be estimated in normal conditions, at presence of toxicant – chloride cadmium, and also at change 
abiotic characteristics of environment - temperature and oxidative stresses. 

Gammarus lacustris Sars, 1863, is Palearctic species of amphipods which is the typical representative of 
species-cosmopolitans. Inhabits both freshwater and salty reservoirs in North America, Europe, Asia, Japan, 
Far East of Russia with the big variety of conditions. Palearctic species G. lacustris was collected in the small 
lake in Bolyshie Koty settlement (2 km from the shoreline of Lake Baikal). The sampling was done by 
hydrobiological nets. 
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Total RNA were isolated from the undifferentiated tissue of amphipods by using standard procedure with 
TRIZOL Reagent. The RNA-isolation samples were cleaned from the genomic DNA by DNase (Roch). Reverse 
transcription (RT) was performed using reverse transcriptase (Promega). The cDNA fragments encoding the P-
glycoprotein and actin were amplified by PCR amplification. Oligonucleotide degenerative primers for the P-
glycoprotein and actin were designed from multiple alignment of homologous sequences of crustaceans and an 
insects. Primers for P-glycoprotein: forward – GCCAATGCACACGAYTTYATC, reverse – 
GCDATKGCDATMCKYTGYTTCTGVCCDCC. Primers for actin: forward – 
GGGGAGTACGACCCGGCCGTCC, reverse – CCCCAACGATGGCGAGTACGACCCG.  The PCR products 
were injected into a 2.1 plasmid vector (Invinrogen) using the T4 DNA ligase. The ligation products were cloned 
in the E.coly competent cells. The sequences were made in the Helmholtz center for environmental research – 
UFZ (Leipzig, Germany). 

The obtained initial 88 bp sequence of P-glycoprotein gene for G. lacustris was extended by using 
special SmarterRACE kit (Clontech) in both 5’ and 3’ directions up to 2061 bp. On the 3’-end the polyA tail was 
detected. 

The obtained partial sequences of P-glycoprotein and actin genes for G. lacustris are presented further: 
P-glycoprotein:  

5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGTACATGGGCGCCTTCGTCTACAGCGAT 

CTCGAGATCAATATCACGGAAATCGCGGCGCAGCTTAACAAGAGCGAAGACTACGTGAACGCGACTATCCAGGACAAC
ATGCCGGGTGACTTCTTCACGCAGGTGGTGCGGTTTGGGGCGGGGACGGCCATCATAGGAGGCATACAACTCCTCAC
TGGATACGTCTTCGTGACGTGCCTCAACTACGCCGCTGAAGGGCAGGTCCACCGCATCCGCACCCAGTTCCTGCGCG
CCACCATGCGGCAGGAGATGGGCTGGTTCGATACGCGCAAGACCAACGACTTCGCCTCGAAAGTTACCGAAGACCTT
AACAAACTCCAAGAAGGCATTGGAGAGAAGATCGGAATGTTTGTGTTCTTTTTCGTGACGTTCATTGCTAGCCTGATCA
ACGCGTTCGTCCACGGCTGGGAGCTCACGTTGGTCATCATGTCTGTGTTCCCTCTGCTGGCCATCACCACCGGCGTCA
TGGCAAAGATCCAATCCTCGCTGACATCTCGCGAGATGGCAGAGTATGCCAAGGCGGGCAGTATCGCAGAGGAGGTC
ATGGGGGGCATCCGTACTGTGCTAGCCTTCGGGGGGCAGGAAAAGGAGGTTATGAGGTACGAGAGCAATCTTATCCA
CGCTCGCACTGCGGGTATCAAACGAGGCCTGTTTACGGGCATCAGCATGGGGCTAGTGTGGCTCATCATCTACGCCT
CCTACTCCATCGCCTTCTGGTACGGCAGCGGTCTCATCATCGAGTCTCGTTACCCCAACGATGGCGAGTACGACCCGG
CCGTCCTCATCGTCGTCTTCTTCAGCGTGTTGATGGGCGCGATGAACATGGGTCAGGCGGCACCGTTTATGGAGGCAT
TCAACGTCGCGCGAGGGGCGGCCGCCAACGTGTATGAGGTGCTGGAGCGCCAGTCGCTCATAGACCCGTACTCTGA
GGAAGGAATCAGGCCAAAGGATACCAACGGCTTTATTGAGTTCCGTGACGTGCACTTTAGCTACCCTTCGCGGCCCGA
CGTCAAGGTTTTGCAGGGCTTGAATCTGCAGGTGCGGCCGGGCCAGACTGTTGCCCTTGTTGGCTCCTCGGGCTGTG
GCAAATCGACGTGTGTGCAGCTGATGCAGCGCTTTTACGACACCGCAAGCGGCTCTGTGTTGCTGGACTCTGTGGACC
TACGCGAGCACAACATCGGTTGGCTGAGGGACCAGGTTGGCGTGGTGGGACAGGAACCTGTGCTCTTCGCCACAACC
ATCGAGAACAACATTAGGTACGGAAGGGACGGCCTCAGCTTCGACCAGGTAGTAGCTGCTTCCAAAGAAGCCAACGC
GCACGATTTCATCATGAAGATGCCAATGCAATACCAGACCCAGGTTGGTGAGCGGGGCTCACAAATGTCAGGCGGACA
GAAGCAGCGCATCGCCATCGCTCGAGCCCTGGTGAAGCAACCAAGAATACTGCTGCTCGATGAGGCTACTTCAGCGC
TCGACAACCAGAGCGAAGCAGTGGTGCAGAATGCGCTCGATAAGGCACGACAGGGCCGCAGTACCATCATCGTCGCC
CACCGCCTCACCACCATCCGCAGTGCAGACCTGATCGTGGCGATGCAGGATGGTCGTGCCGTTGAGATGGGCACTCA
CGAGCAGCTGATGGTGAAGCACGGCCTCTACCACTCCCTCGTCACTGCACAGGTTGCACCCATTGACAGGAAGAGCG
TCATCCACGAAGAGGTCTCGGCCGGCTCCGAGTACGAGACGGCGCCTGAGCTAGAGCAGCAGGACATCCTGGAGGA
GCTGACGAATGCTGCTCCCATGGCGCTAGCCAGGGTGCCTTCGAGGCGCTCCACGAGAAGGCGACGCACCTCGTCC
GGGTCCGTGCGGTCTCGCAGCAGCCGCGGCCAGCAGCACCGTAGCGCCACCATCCGATCAGTGAAAAAAAAAAAAA
AAAAAAAAAAAAGTACTCTGCGTTGATACCACTGCTTGCCCTATAGTGAGTCGTATTAGA-3’ 

Actin: 5’-ACCGCGAGAAGATGACCCAGATCATGTTCGAGACCTTCGGCACCCCCGCCATGTACGTCG 
CCATCCAGGCTGTGCTCTCCTTGTACGCCTCTGGCCGTACCACCGGTATCGTTCTGGACTCCGGAGATGGTGTTTCCC
ACACCGTCCCCATCTATGAAGGTTATGCTCTTCCCCACGCTATCCTCCGTCTGGACTTGGCTGGTCGCGATCTTACCG
CCTACCTCATGAAGATCATGACTGAGCGCGGCTACTCCTTCACCACCACCGCCGAGCGAGAAATCGTCCGCGACATCA
AGGAGAAGCTTTGCTATGTTGCTCTCGACTTCGAGAATGAGATGAATACCGCTGCTGCTTCCTCTTCCGTCGACAAGTC
CTACGAGCTTCCCGACGGTCAGGTCATCACCATCGGCAACGAGCGCTTCCGTTGCCCCGAGTCTCTGTTCCAGCCTTC
CTTCTTGGGCATGGAATC-3’ 

The obtained sequence is a first genetic data about P-glycoprotein gene structure for Gammarus 
lacustris. According to the obtained sequences new working qPCR primer’s pairs to P-glycoprotein and actin 
cDNA were designed. The obtained results can be used for the studying of gene-expression of P-glycoprotein 
of Palearctic amphipods G. lacustris.  

G. lacustris is a widespread Palerctic species and common species for biotest studies. The data about P-
glycoprotein activity under the influence of different stressors for G. lacustris can be used in the intoxication risk 
studies and toxicity assessments. 

Acknowledgments:  This research was partially supported by grants of RFBR 09-04-00398- , 08-04-00928, 10-04-
00611- , 10-04-92505- , AVCP “Vysshaya shkola” 2.1.1/982, Federal Target Program"Research and Training 
Specialists in Innovative Russia, 2009-2013", grant of President -351.2009.4, grant for PhD students and young 
scientists of Irkutsk State University  111-09-003/ 7. 

GENETIC DIFFERENTIATION OF OMUL AND LACUSTRINE WHITEFISH (COREGONUS SPP.) OF LAKE 
BAIKAL BY ALLOZYME LOCI BY MULTIVARIATE ANALYSIS 
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The problem of status and relationships of coregonid fishes of Lake Baikal is one of the most disputable in the 
literature on this group. Currently all three forms of Baikalian Coregonus species (omul C. migratorius, 
lacustrine whitefish C. lavaretus baikalensis and riverine-lacustrine whitefish C. lavaretus pidschian natio 
baicalensis are considered to be members of a single clade putatively close to ancestral lineage in the genus 
evolution. In this study we present data on polymorphism observed in Baikal omul and lacustrine whitefish by a 
number of allozyme loci and results obtained based on this data by multivariate analysis of frequency data. 
Genetic analysis was performed by using in total 32 allozyme loci 8 of which (including isoloci) were selected 
for comparative analysis (G3PDH-1*, IDH-4*, MDH-3,4*, MEP-1,2*, PGDH* and PGM-2*). Differences in allelic 
composition concerned just few loci, and in general were related to frequency changes. In contrast to omul, in 
lacustrine whitefish no polymorphism was revealed at G3PDH-1*, PGDH*, and isoloci MDH-3,4*, while in omul 
MEP-1,2* was monomorphic. Higher frequency of IDH-4*7 allele was observed in omul (0-0,125 against 0,333 
in whitefish). Multi-locus comparison was performed by Principal Component Analysis (PCA) made on a matrix 
of individual genotypes coded as frequency data (Reist et al., 1992, Politov et al., 2002). PCA showed that 
most individuals cluster according to their species diagnoses, however, some small area of overlapping also 
takes place. One individual from Zagli Bay had phenotype similar to lacustrine-riverine whitefish but carried 
allelic combination typical for lacustrine whitefish. An individual from locality Enhaluk genetically was 
characterized as a lacustrine whitefish that supported preliminary morphological diagnosis. Other fish from 
Enhaluk sample morphologically looked as backcrosses (lacustrine-riverine whitefish  omul) x omul, and 
genetically can be referred to as omul. In general, we can conclude that the employed method proved its 
efficiency in discriminating the studied sympatric Baikalian forms and hybrids of Coregonus. Low level of 
divergence was observed among Baikal omul and Baikal lacustrine whitefish which are considered as good 
species fully reproductively isolated since the first one spawns in Baikal Lake tributaries while the second – in 
the lake itself. Our data support earlier data obtained by allozyme analysis (Mamontov, Yakhnenko, 1998; 
Yakhnenko et al., 1998; Politov et al., 2000, 2002, 2007; Baldina et al., 2007), mtDNA (Politov et al., 2000, 
2007; Sukhanova et al., 2002) and nuclear ribosomal genes (Sukhanova et al., 2004) about their relatively 
recent putatively sympatric origin from a common ancestor. Therefore, Baikal omul and Baikal lacustrine 
whitefish cannot be attributed to species they were traditionally belonged to (C. autumnalis and C. lavaretus, 
correspondently), and not even closely related to these species. Baikal Lake coregonids form well separated, 
putatively ancient and close to ancestral for the genus Coregonus evolutionary lineage.  

The study is supported by Russian Foundation for Basic Research grant 10-04-01757-a, by Programs of 
Fundamental Research by Presidium of RAS “Biodiversity’ (Genetic Diversity and Gene Pools’) and ‘Biosphere Origin and 
Evolution of Bio-Geoecological Systems’ and by Division of Biological Sciences of RAS ‘Bioresources of Russia’. 
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SIMULATION OF THE MOLECULAR EVOLUTION OF TICK-BORNE ENCEPHALITIS VIRUS GENOME AND 
ESTIMATION OF DIVERGENCE TIMES 

Potapova U.V., Belikov S.I. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

shuana1983@yandex.ru 

Tick-borne encephalitis (TBE) is the most important transmissible natural foci infection of the forest zone of the 
Eurasian continent. The TBE incidence is recorded in more than 25 countries of Europe and 7 countries of 
Asia. In the Russian Federation (RF) the disease is recorded in 46 administrative territories, including 18 
territories of Siberia and the Far East (Onishchenko, 2003). 

We have built a molecular evolution model of the Siberian and Far Eastern subtype of tick-borne 
encephalitis virus (TBEV) in order to determine the internal topology of species, as well as to establish the time 
of divergence of highly virulent and inapparent strains with different pathogenicity for humans. 

We carried out a phylogenetic analysis of complete genomes of 24 strains of TBEV. Using statistical 
techniques, found that the concept of molecular clock observed for the studied objects. A series of construction 
of phylogenetic trees using the method of Bayesian analysis, implemented in the software package BEAST. It 
is clear from the obtained data that the diversification of inapparent strains from highly virulent strains occurred 
simultaneously, followed by the formation of an explosive bunch of closely related species. In contrast, the 
highly virulent strains of TBEV are more heterogeneous, and therefore their speciation occurred in a sufficiently 
long time. 

Using the strict molecular clock model and logistic population growth for the studied group of viruses,  
estimate the divergence times within the group of strains of the Far Eastern subtype of TBEV compared with 
the strains of the Siberian subtype, obtained data on the phylogenetic relationships and phylogeography of 
investigated strains of TBEV. 
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HOW STABLE ARE THE COMMUNITIES OF BENTHIC INVERTEBRATES OF LAKE BAIKAL? 
Sherbakov D.Yu.*,**, Kravtsova L.S.*, Bukin Yu.S.*,Kaygorodova I.A.*, Novikov A.V.*,  

Pudovkina T.A.*, Petunina J.A.*, Fazalova V.R.*, Peretolchina T.E.* 
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High biotop diversity is typical for the littoral of Lake Baikal, it must be important for maintaining high species 
richness of invertebrates inhabiting this area. In-depth analysis of the benthic fauna suggests that this diversity 
is organized into relatively stable communities, which are designated according its dominating species. Almost 
all of the dominating species belong to highly speciose groups evolved in confines of Lake Baikal as a result of 
adaptive radiation. Apparently, differential response of species (members of such groups) to dramatic changes 
of the whole Baikalian ecosystem common for the lake's history, played a pivotal role in formation of the 
modern species diversity. However, the question whether communities that require co-adaptation of their 
members influenced the evolutionary processes, remains open. It should be noted, that this problem is 
important for other species-rich ecosystems as well. For the communities to play the role in evolutionary 
development, their structures should remain stable during evolutionary significant time periods. 

In this study we present the first attempt to link the data on genetic diversity of dominating and 
subdominating species of Baikalian invertebrate communities to the data on their evolutionary relationships with 
other members of the endemic species’ flocks, and the data on the structure of corresponding communities with 
the aim to find an evidence of stability of the latter. At the current stage of the study, we performed comparison 
of intra-specific mismatch distributions of several species belonging to some benthic communities of macro-
invertebrates as well as compared a number of integral properties of population diversity indexes of these 
species. The mismatch distribution was chosen because it is influenced by the most of important events of 
species’ phyletic evolution, namely the population size changes (with periods of extinction and expansion), 
degree of biotop fragmentation, temporal barriers for the gene flow etc. Therefore, significant correlation 
between mismatch distribution of non-sister species, belonging to the same, or similar community, could be 
considered as an evidence for relative stability of the species' mode of interaction and ecological roles during 
the history of these species. Resemblance of distributions would suggest that they were formed due to the 
influence of similar factors. Coupled with extensive data on ecology of the species, this analysis could highlight 
possible mechanisms of evolution in communities of organisms as the units of diversity in the lake Baikal. 

Results of the comparison of genetic diversity using the CO1 marker of mitochondrial DNA between 
baikalian endemic species, suggest three groups of organisms based on their genetic polymorphisms. The first 
group represents species with low genetic diversity (intraspecific distances vary from 0 to 0.01) and includes 
Baicalia dybowskiana, Liobaicalia stiedae, Parabaikalia oviformis, Pseudobaikalia pulla tenuicosta, 
Pseudobaikalia zachwatkini, Baicalia rugosa, Teratobaikalia duthiersii, Baicalia turriformis, Maackia herderiana, 
Paratanytarsus baicalensis. In the second group there are species with average genetic diversity (intraspecific 
distances vary from 0.03 to 0.05) and it consists of Baicalia carinata, Baicalia carinatocostata, Godlewskia 
godlewskii, Gmelinoides fasciatus. The third group consists of species with high genetic diversity (from 0.07 to 
0.09), namely Pseudorhynchelmis alyonae and Manayunkia godlewskii. 

The majority of the investigated species of molluscs having low genetic diversity (B. dybowskiana, L. 
stiedae, P. oviformis, P. pulla tenuicosta, B. rugosa, T. duthiersii) play a secondary role in the communities of 
macro-invertebrates. Generally, they are found in a small numbers, being widely or less widely distributed 
within the lake and inhabit depths from 10 to 100 meters. 

Some of the species of low genetic diversity are highly abundant, namely B. turriformis, M. herderiana, P. 
zachwatkini. B. turriformis inhabits underwater cliffs and rarely belongs to complex communities. The 
community of macro-invertebrates dominated by M. herderiana consists of 133 species and distributed on 
boulders on the depth not deeper than 5 meters, and the one dominated by P. zachwatkini includes 103 
species and is located on underwater slope at depth 8-20 m (Kravtsova et al. 2004). Low genetic diversity of 
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dominating species of these communities could be a consequence of biotop rearrangement and fragmentation 
resulting from the lake level fluctuation. 

Low genetic diversity of chironomids P. baicalensis is likely to be an outcome of the high mobility of 
imago that promotes a gene flow between remotely located territories. This species participates in 
macroinvertebrate communities as subdominant species and forms communities at the level of taxocoenosis of 
chironomids (Kravtsova 2007). 

Species of the second group, B. carinata, G. godlewskii, Gm. fasciatus, B. carinatocostata are widely 
distributed and found in a big number, and average values of their genetic diversity could be suggestive about 
their relatively large effective population size. The first two species form communities in the biotops of 
underwater slope of the lake with sandy silt sediments. Gm. fasciatus also forms communities on boulders of 
terrace of the eastern basin of the lake (Kravtsova, 2007). 

Amongst all the analysed species, oligochaets P. alyonae and polychaets M. godlewskii significantly 
exceed other species by the level of the genetic diversity. These species belong to benthic communities located 
at the soft sandy sediments. Exchange of the genetic material at the scale of the lake is limited due to the low 
mobility seemingly responsible for the increase of the intraspecific genetic polymorphism (Semovski et al., 
2003; Bukin et al., 2007).  

High degree of resemblance of pairwise distributions of genetic distances for organisms with 
approximately equal level of genetic diversity could be an evidence of relatively stable composition of 
communities of benthic invertebrates of the lake Baikal. 

This study was supported by RFBR 09-04-00972- , 08-04-98046-r_sibir_  and 08-04-98063- r_sibir_ . 
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carinatocostata, Godlewskia godlewskii, Gmelinoides fasciatus  –  
 (  0.07  0.09) Pseudorhynchelmis alyonae, Manayunkia godlewskii. 
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3. CYCLE AND MECHANISMS OF SILICON ASSIMILATION IN AQUATIC ECOSYSTEMS AND DIATOM 
DIVERSITY.  

.  

 

MAGNETIZATION OF COLLOIDAL PARTICLES: FROM SILICA MICROSPHERES  
TO DIATOM FRUSTULES 

Andreyev D.S. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

andreyev@lin.irk.ru 

Selective magnetization greatly simplifies particle separation and purification in many bioanalytical applications 
(Iida et al., 2006; Dobson et al., 2008). In particular, magnetization may be helpful in separation of mature 
diatom frustules from immature ones, hidden inside algal cells. This separation is extremely important for 
understanding mechanisms of biosilification, particularly by providing opportunity to analyze a proteome, 
associated with growing frustules. In this work, we suggest a simple but effective way of particle magnetization, 
and apply this method to magnetization of diatoms. 
Fe3O4 nanoparticles with average diameter ca. 3-4 nm is probably the most easily available superparamagnetic 
material. These nanoparticles are commercially available as “ferrofluids”, can be easily synthesized by alkaline 
hydrolysis of ferrous and ferric salts as we did in this work, or prepared in micelles if greater homogeneity is 
desired (Kim et al., 2007). 

We found that these particles can be effectively immobilized on nearly any surface, pretreated with 
mercapto/aminoalkyltriethoxysilanes or with polyamines, e.g. polylysine, polyethileneimine, polyallylamine, 
polyvynilamine. These surfaces include one of polystyrene and silica microspheres, metal colloids and diatom 
frustules (Fig.1). 

The magnetized particles have bright brown color and respond well to magnetic field. Although 
immobilization of the magnetic particles occurs only on the surface, the resulting content of Fe3O4 is good – a 
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single step magnetization of 0.5 um microspheres provide particles with 5-7% of Fe3O4 by mass. The 
magnetization steps can be repeated to increase the content of magnetic material, but the single step 
magnetization is sufficient for magnetic separation. In particular, any of the above mentioned particles can be 
effectively removed from a suspension by stack of 1 mm–thick neodymium magnetic disks separated by 1 mm 
wire-based spacers.  

Magnetized diatoms can be broken using rotary homogenizer at 1500 rpm without noticeable loss of the 
magnetic material. Unfortunately, such cell disruption mostly breaks needles of Synedra acus without 
separation of thecae, hence rarely releases immature frustules. However, after magnetic depletion of the 
resulting debris some bare, totally Fe3O4 – free particles can be observed (Fig. 2B, C). These particles probably 
were hidden inside the cells at the magnetization step and likely correspond to immature frustules or girdle 
bands. 

The described magnetization approach, due to simplicity and good efficiency, may be useful in various 
applications, requiring preparation of magnetic colloids, or in separation of surface-exposed particles from 
surface-protected ones.  

Magnetization of diatoms exhibit good density and stability of the magnetic coating, and allows for the 
selective removal of surface-exposed frustules. Further optimization of cell disruption, such as application of 
shear-force in high pressure capillaries, combined with enzymatic pre-treatment, may allow for extraction of 
immature frustules using this magnetization technique. 
 

 
Fig. 1. TEM. Frustules of Synedra acus pre-treated by polyvinylamine (A) and polyallylamine 

(B) and coated my by Fe3O4. 

 
Fig. 2. TEM. A: Magnetized diatom frustule. B, C: Bare frustule/girdle band protected from magnetization. 

NANOCRYSTALLYNE, ZINC-ASSOSIATED INCLUSIONS OBSERVED IN DIATOM FRUSTULES AFTER 
ELECTRON BEAM IRRADIATION 

Andreyev D.S. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

andreyev@lin.irk.ru 

Diatom frustules normally consist mostly of amorphous silica with no signs of crystallinity and contain less than 
1% of organic materials and other elements (Grachev et al., 2008; Lopez et al. 2005). Here, we report an 
observation of tiny, 3-7 nm in diameter, and highly crystalline inclusions, containing noticeable amount of zinc.  

HRTEM/EDS analysis of Synedra acus frustules usually reveals the expected amorphous silica only. 
However, as an 80kV beam irradiates these morphologies, a small fraction of the frustules begins to develop 
dark lines (Fig. 1A). These lines consist of 3-7 nm crystalline inclusions (Fig. 1C). Similar inclusions (Fig. 1D) 
are developed under the beam at edges of some morphologies (Fig. 1B). 

Closer examination of the inclusions reveals a crystal structure (Fig. 2A) and possible association of the 
inclusions with zinc (Fig. 2B). 

The observed inclusions are present in only a small fraction of frustules, and positioned in definite 
patterns. We hypothesize that these inclusions may be related to silica-protein clusters, employed in 
biosilification at some stages of the diatom cell cycle. Further investigation of the phenomena is needed, as it 
may provide an additional insight on mechanisms of biosilification in diatoms.  

B A 

B C A 
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Fig. 1. TEM. A – line consisting of the inclusions. B – an edge associated with the inclusions. C, D – the beam-developed 
inclusions; diffraction inserts in top-right corners reveals anisotropy of the unexpected crystallinity. 

 

 
Fig. 2. TEM. A – HRTEM reveals the crystal lattice, with a distance between crystal planes shown on top-right insert. B – 
EDX reveals presence of zinc in an inclusion-rich area (top-left insert) but absence in other areas (e.g., top-right insert). 

INFLUENCE OF CHEMICAL ANALOGS OF SILICONE ON GROWTH AND  
CELL STRUCTURE OF DIATOM SYNEDRA ACUS 

Annenkov V.V., Danilovtseva E.N., Basharina T.N., Zelinskii S.N., Likhoshway Ye.V., Grachev M.A. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

annenkov@lin.irk.ru 

Cultivation of diatoms in the presence of germanic acid enriched with radioactive isotope 68Ge is traditionally 
used (Mehard et al., 1974) in study of assimilation kinetics and intracellular distribution of silicic acid. Recent 
works have shown influence of germanium of life cycle and morphogenesis of the diatoms (Safonova et al., 
2007; Thamatrakoln, Hildebrand, 2008) and a possibility of biotechnological synthesis of composite silicon and 
germanium oxides was demonstrated (Jeffryes et al., 2008). 

This work is aimed to study of influence of germanic acid and other chemical analogs of silicon – titanium 
(IV), zirconium (IV) and tin (IV) on growth of Baikalian diatom Synedra acus Kütz in culture, morphology of the 
silica frustules, content and distribution of the added elements. The investigation was done using optical, 
epifluorescence, scanning and transmission electron microscopy, including microprobe elemental analysis and 
ICP-MS. The obtained results were correlated with model experiments with Si(OH)4 condensation in the 
presence of Ge, Ti, Zr and Sn compounds under the action of synthetic analogs of the known biosilicification 
agents (oligomeric and polymeric amines, polyampholytes). Dynamic light scattering and chemical analysis 
showed that the silicon analogs promote rapid (1-2 h) thermodynamically non-equilibrium formation of large (> 
1 m) composite particles which probably explains the observed toxicity of these elements and their 
accumulation in various parts of diatoms. 

This work was partially supported by the Program of basic research of Presidium of the Russian Academy of 
Sciences (project No. 27.45). 
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COMPARATIVE ANALYSIS OF BACTERIAL ASSOCIATIONS AND THE UNDER-ICE DIATOM 
BLOOMS BY LIGHT AND EPIFLUORESCENCE MICROSCOPY (LAKE BAIKAL)  

Bashenkhaeva M.V., Shishlyannikov S.M., Zakharova Yu.R., Likhoshway E.V.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

Under-ice and ice diatom blooming in the Polar region is a widely reported phenomenon (Gradinger, 1996; 
Janech, 2006). Earlier, phytoplankton blooms were observed under the ice of Lake Baikal (Bondarenko et al, 
1997, Obolkina et al., 2000). During ice-cover period, growth of diatoms is intimately associated with bacteria 
and other phytoplankton species.  

The present work is aimed at describing under-ice algal and bacterial communities of Lake Baikal.  It is 
suggested that bacteria affect the diatom biomass growth during their bloom as well as contribute to their 
species diversity alongside with other biological and chemical factors. Hence, investigation of this aspect would 
provide new insights into the ecology of diatoms.  

The under-ice communities from the littoral and pelagic zones of the southern and middle Baikal were 
sampled from March 8 until April 25, 2010, totally 12 samples.  The samples were DAFI stained and examined 
by a light microscope Axiostar Plus (Carl Zeiss, Germany) at x 100, x 200 and x 1000 magnification and  
epifluorescence microscope Axiovert – 200 (Carl Zeiss, Germany) at x 1000 magnification. Comparative 
analysis of the samples according to their ecological zones and collection time was also performed.  

Analysis of the under-ice phytoplankton provided evidence that bacteria were most closely associated 
with diatom valves of the genus Aulacoseira (Fig. 1a, c, h). Maximal bacterial number was as high as 7.3x107 
cells,    Aulacoseira dominating most of the samples, other diatom species, Synedra in particular, were also 
encountered (Fig. 1c). Bacteria appeared to be loosely associated with Synedra diatoms (Fig. 1b). Bacterial 
colonies on the diatom valves were different: some were attached to the valve at one end (Fig. 1j), others laid 
flat on diatoms (Fig. 1j, k, l). It should be noted that the onset of blooming was characterized by the diversity of 
species collected from the littoral (Fig. 1a, b, c, d) and pelagic (Fig. 1e, f, h, i) zones. In early March, 2010, the 
under-ice blooms were dominated by dinoflagellates (Fig. 1e, f) in contrast to the samplings from the littoral 
zones generally dominated by Aulacoseira (Fig. 1a, c).  It was found out that free-living and microalgae-
associated bacteria were large in number in the littoral zone (Fig. 1a, c) compared to the pelagic zone (Fig. 1h, 
i).  As the light period got longer, the share of diatoms in the under-ice communities increased. Also, the 
species composition of the pelagic zone changed and dinoflagellates dominating in early April were replaced by 
Aulacoisera, which entailed significant growth of diatom-associated bacteria numbers.  

This work was done under the Program of RAS Presidium “Origin and evolution of biosphere”, Project No. 18.4 and 
RFBR Grant No. 09-04-12231.  
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Fig. 1. Epifluorescence images of the under-ice community of Lake Baikal and plant-associated bacteria, x 100 
magnification, DAFI stained: a) Aulacoseira, Bolshye Koty Settlement, Varnachka gorge, littoral zone, 10.03.2010; b) 
Synedra, B. Koty Settl., Varnachka gorge, littoral zone, 10.03.2010; c) Aulacoseira and Synedra, B. Koty Settl., Varnachka 
gorge, littoral zone, 24.04.2010; d)  Synedra and Dinobryon cilindricum, B. Koty Settl., Varnachka gorge, littoral zone, 
24.04.2010; e) dinoflagellates, Listvyanka Settlement, pelagic zone, 7.04.2010; f) dinoflagellates, Listvyanka Settl., pelagic 
zone, 7.04.2010; h) Aulacoseira, B. Koty Settl., Varnachka gorge, pelagic zone, 24.04.2010; i)  Synedra, B. Koty Settl., 
Varnachka gorge, pelagic zone, 24.04.2010; j), k), l), m) diatom-associated bacteria. (  

,  x100, 
: ) Aulacoseira, . , , . (10.03.2010); ) Synedra, . 
, , . (10.03.2010); ) Aulacoseira  Synedra, . ,  

,  (24.04.2010); ) Synedra  Dinobryon cilindricum, . , , 
 (24.04.2010); ) , . ,  (7.04.2010); ) 
, . ,  (7.04.2010); ) Aulacoseira, . , , 

 (24.04.2010); ) Synedra, . , ,  (24.04.2010); ), 
), ), ) . 

 
 

 
., ., ., . 

, 3, . ,  664033,  

 
 (Gradinger, 1996; Janech, 2006).  

.  (Bondarenko et al, 1997,  
., 2000).  

.  
. 

. 
 

,  
.  

. 



 93 

 
 8  25  2010 .  

 12 .  
 (  Axiostar Plus (Carl Zeiss, Germany),  x100, x200  x1000)  

 (  Axiovert – 200 (Carl Zeiss, Germany),  
x1000). .  

,  
 Aulacoseira (Fig.1 ,  ,  ).   

 7,3 107 .  
 Aulacoseira .  

, ,  Synedra (Fig. 1 ).  
 Synedra (Fig. 1 ). ,  
:  ( . 1 ), 

 (Fig. 1 , , ). ,  
,  

(Fig.1 , , , )  (Fig.1 , , , ) . , ,  2010 .  
 (Fig. 1 , ),  

, , , ,  
Aulacoseira (Fig.1 , ). , , 

,  (Fig. 1 , ),  
(Fig. 1 , ).  

, ,  
 

Aulacoisera , , ,  
.  

 « »,  
 18.4  09-04-12231- . 

 
MORPHOGENESIS OF SILICEOUS VALVE IN A PENNATE DIATOM CYMBELLA VENTRICOSA AGARDH 

Bedoshvili E.D., Basharina T.N.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

bedoshvili@lin.irk.ru 

Studies on deposition of silica and formation of siliceous valves in diatoms have been performed since the 
1960-s. Specific silica deposition vesicles (silica deposition vesicle – SDV; Reimann B.E.F., Exp. Cell Res., 
1964, pp. 605-608; Drum R.W., Pankratz S., Am. J. Bot., 1964, pp. 401-418) and silicon-transport vesicles 
(silicon-transport vesicles – STV; Schmid A.M.-M., Schultz D., Protoplasma, 1979, pp. 267-288) have been 
described. Morphogenesis analysis of siliceous valve in Cymbella ventricosa Agardh has not been performed.  

In our work we used laboratory culture of a pennate raphe diatom C. ventricosa. After standard fixation 
and preparation of thin sections for transmission electron microscopy, the material was examined under a 
microscope Leo 906 E Zeiss.  

According to the light microscopy, chloroplast of interphasic cell of C. ventricosa is divided into two parts 
lying on opposite sides of the cell. A spherical pirenoid has an envelope (SEM), one lamella pierces it. The 
nucleus is pressed to the girdles. Several Golgi apparatuses are located around the nucleus. It is possible to 
observe the formation of girdles inside SDV on the cell periphery. Long mitochondria are located along the cell 
periphery. On the cross-sections of the cells the raphe is clearly seen, on the cell surface – an organic layer, 
between the siliceous valve and cytolemma – a polysaccharide layer of diatotepum.   

Major stages of siliceous valve formation have been distinguished. Nucleus migration during cell division 
characteristic of the majority of diatoms has not been recorded. It is more likely to be attributed to small sizes of 
the cell. During the cell division, the nucleus adjoins the girdles. Morphogenesis of the valve starts after nucleus 
division, division of chloroplast and division of cell into two daughter cells. Large vacuoles are observed at early 
stages in the SDV area. SDV growth and thickening of the valve take place further. Exocytosis occurs after the 
formation of the mantle. Chloroplast of each cell enlarges in size and bends along the valve. Daughter cells do 
not separate keeping together by girdles. The first girdle of hypotheca forms after cell separation. In some 
species, valves of small electron-dense spherical particles derived from cytoplasmic vesicles 300-400 Å in 
diameter (silicon-transport vesicles, STV; Schmid A.-M.M., Protoplasma, 1979, pp. 99-115; Schmid A.M.-M., 
Schultz D., Protoplasma, 1979, pp. 267-288) participate in morphogenesis. Nobody has confirmed the 
existence of such construction “bricks”. At present, some researchers believe that silicic acid is transported in a 
form of gel and cannot be electron-dense (Grachev M.A. et al., BioEssays, 2008, pp. 328-337; Thamatrakoln 
K., Hildebrand M., Plant Physiol., 2008, pp. 1397-1407). If we take into account the hypothesis on the 
participation of macropinocytosis in the valve morphogenesis (Vrieling E.G. et al., Proc. Natl. Acad. Sci. U.S.A., 
2007, pp. 10441-10446), the cell is able to capture silicic acid dissolved in the aqueous medium of extracellular 
space with the help of large vacuoles which are present in C. ventricosa at early stages of valve 
morphogenesis.  
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CYTOLOGY OF DIATOMS  
Bedoshvili E.D., Likhoshway E.V.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
bedoshvili@lin.irk.ru 

Classical systematics of diatoms is based on morphology of their siliceous frustule. LM and CEM have been the 
major methods of its studies for a long time. Recently, a new classification has been proposed on the basis of 
analysis of nucleotide sequences of 18S rRNA karyogene and chloroplast genes (Medlin L.K., Diatom Res., 
1997, pp. 371-379; Medlin L.K., Kaczmarska I., Phicologia, 2004, pp. 245-273; Medlin L.K., The Timetree of 
life, 2009, pp. 127-130). Data on the cell structure were used to support molecular phylogeny: peculiar features 
of ultrastructure of chloroplasts, quantity and location of Golgi apparatuses and some other characteristics 
(Medlin, Kaczmarska, 2004). However, available data on cell structure of diatoms are uncoordinated and do not 
cover all large systematic taxa (orders, families) of BACILLARIOPHYTA. Therefore, new data on ultrastructure 
of diatoms representing different classes are of great importance for diatom systematics. With the help of light 
and transmission electron microscopy it was possible to reveal peculiarities of cell ultrastructure in some diatom 
species (Aulacoseira baicalensis, Thalassiosira proschkinae, Chaetoceros muelleri, Attheya ussurensis, 
Synedra acus subsp. radians, and Cymbella ventricosa) belonging to the major taxonomic groups and all 
phylogenetic clades.  

Some peculiar characteristics of cell ultrastructure of diatoms are attributed, to a large extent, to their 
sizes and forms. For example, species belonging to different classes but possessing similar sizes and forms of 
the cells have general characteristics of structure. In small cells of C. muelleri and T. Proschkinae there is one 
Golgi apparatus near the nucleus, in A. ussurensis – one or two, in A. baicalensis and C. ventricosa – up to 
four, whereas in narrow cells of a prolate form of S. acus subsp. Radians – six apparatuses. Large 
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mitochondria (sometimes branched) are characteristic of C. muelleri and T. proschkinae. In such large species 
as A. baicalensis and S. acus subsp. Radians, numerous long and narrow mitochondria stretch along the cell. 
The nucleus in cells of S. acus subsp. Radians is also elongated. It is possible to observe EPR cisterns in the 
nucleus invagination. This form of the nucleus enlarges its surface and provides the best contact with other cell 
organelles via nuclear pores observed in invaginations of nuclear membrane. In the area of nucleus 
invagination, there is also mass fusion of vesicles from Golgi apparatus with the outer membrane of the nuclear 
envelope. This testifies to the active transport of substances.  
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INTERACTIONS BETWEEN DIATOMS AND BACTERIA DURING BIOFILM FORMATION 
Bruckner C.G., Grossart H.-P.* and Kroth P.G.** 

Leibniz-Institute for Baltic Sea Research Warnemünde, Biological Oceanography, D-18119 Rostock, Germany 
*Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Limnology of Stratified Lakes,  

OT Neuglobsow D-16775 Stechlin, Germany 
**University of Konstanz, Dept. of Biology, Plant Ecophysiology, D-78457 Konstanz, Germany 

christian.bruckner@io-warnemuende.de 

The littoral zone of freshwater lakes is an area of high primary production. Surfaces in these shallow waters are 
often covered by biofilms consisting mainly of algae and bacteria. Not much is known about the interaction of 
these organisms. Interestingly in our laboratories systematic purification of epilithic diatoms from biofilms of 
Lake Constance resulted in axenic strains that no longer produce biofilms – obviously diatom/bacteria 
interactions are important for biofilm formation. By different experiments we investigated these interactions: By 
using defined co-cultures of representative epilithic diatoms and bacteria from Lake Constance biofilms and 
diatoms treated with spent bacterial medium we tested experimentally whether EPS, amino acids or 
carbohydrates are involved in such diatom/bacteria interactions. Bacteria were found to influence growth and 
biofilm formation of most diatoms, either direct or by constitutively released soluble substances. We found that 
concentrations and ratios of individual dissolved free amino acids (DFAA) or DFAA-pools changed in diatom 
cultures when grown in the presence of bacteria, and we hypothesize that DFAA might be one class of 
substances that may regulate growth rate and cell density of diatoms in biofilms. Furthermore bacteria had a 
strong influence on the secretion of EPS by the diatoms: diatom polysaccharide and carbohydrate secretion is 
influenced predominately quantitatively by bacteria, extracellular diatom proteins were found to be influenced in 
quality and quantity by bacteria. 
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To characterize extracellular proteins that are induced or up-regulated during diatom/bacteria interactions 
the model organisms Phaeodactylum tricornutum and Escherichia coli were grown as flocculating biofilm 
aggregates; both, diatom and bacteria proteins were identified via mass spectrometric analysis. The identified 
proteins were putatively related to different functions: (1) attachment, either to the substratum or to form cell/cell 
aggregates; (2) secretion, modification and uptake of extracellular polymeric substances (EPS) and amino 
acids or carbohydrates; (3) direct chemical interactions between diatoms and bacteria that can range from 
processes like signaling to mucus degradation; (4) osmotic shifts, pH shifts and ion deprivation;  

Interactions between both groups of biofilm microorganisms seem to be regulated by a complicated 
“conversation” based on many different signals. Bacteria seem to control diatom growth via DFAA beside other 
substances, and may be regarded as microbial gardeners shaping the biofilm flora. 

 

Fig. 1: Hypothetical model about diatom/bacteria interactions during biofilm formation/aggregation. This model shall 
demonstrate how complicated diatom/bacteria interactions are and does not claim to be plenary. Bacteria are thought to 
control diatom growth and EPS secretion via soluble factors, possibly amino acids, whereas the diatoms control bacterial 
growth via released nutrients. 

STOMATOCYSTS OF CHRYSOPHYTA IN MIOCENE DEPOSITS OF VITIM PLATEAU 
Firsova .D., Usol’tseva .V., Vorobyova S.S., Maslennikova . 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
firsova@lin.irk.ru 

First, using SEM, morphology and distribution of chrysophytae cysts from a core of the hole 7236are studied. 
Total thickness of the cross-section studied was 123 m (depths interval is 126-249 m). The hole opened 
lacustrine sediments with three basalts horizons which were dated by K–Ar method. The age of mean basalts 
horizon corresponded to the boundary of Middle and Upper Miocene. 

In total, we found in the core 60 cysts morphotypes, 9 of them are novel for the science. It is shown that 
the cysts occurred in different amounts along the whole core studied (Usol’tseva .V., et al. Russian Geology 
and Geophysics, 2008, pp. 360-362). To study the character of the distribution of different morphotypes they 
were divided by form, ornamentation and collar structure into 28 groups (GV). The dominant groups are shown 
in the figure. 

It is revealed that the distribution of morphotypes groups in the core had a different character. Major part 
of morphotypes groups occurred practically at all depths studied, (e.g., GV 1, GV 2 and GV 11), but their ratio 
varied along the section. 

The greatest diversity (18 morphotypes), at relatively low abundance of cysts (16.1 mln. specimens/g) is 
found out in the low core part (229 m), there dominated (25%) specimens with fine even hollows over all the 
cyst surface (GV 11). Morphotypes of such kind can be related to the stomatocyst 143 (Duff K. E. et al., Atlas of 
Chrysophycean Cysts., 1995, 189 p.).  

In the upper core part (155 m) morphotypes amount decreased. We revealed only 10 morphotypes 
among which there dominated (34.5%) cysts GV 12 (Fig.) similar to the stomatocyst 094 (Duff K. E. et al., Atlas 
of Chrysophycean Cysts., 1995, 189 p.), reaching their maximum at this depth. There occurred also abundantly 
(27.1%) non-ornamented cysts GV 1 (Fig.). These cysts are widely distributed and occur both in Lake Baikal 
(Firsova .D., Likhoshway Ye.V. Atlas of Chrysophytae of Lake Baikal, 2006, 148 p.) and in other water bodies 
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and can be related to several species, such as: Paraphysomonas (Stokes) De Saedeleer, Chrysosphaerella 
longispina Lauterborn, Mallomonas striata Asmund (Duff K. E. et al., Atlas of Chrysophycean Cysts., 1995, 189 
p.). 

The most interesting is the middle part of the core (depths interval 199–168 m). In that period, the 
conditions in the water body were most favourable both for cysts and for planktonic diatoms development 
(Usol’tseva .V., et al. Russian Geology and Geophysics, 2008, pp. 360-362). Let us consider some samples. 

In the sample from 177 m we can isolate the group 14 which reaches here its maximum of 26.3%. The 
morphotypes of this group are related to the species Spinepheromonas trioralis (Takahashi) Preisig et 
Hibbberd. In the sample from 174 m we observed the following morphotypes ratio: GV 1 (22.7%), GV 7 
(20.2%), GV 9 (11.6%), GV 14 (10.4%). At 172 m there dominate the groups 13 (31.2%), 1 (15.2%), 11 
(15.7%), 7 (7.9%), as well as a novel for science morphotype GV 21 appears (Fig.).  

GV 1 dominates at 167 m, reaching 32% (Fig.). High values are reached by GV 13 (Fig.) – 15.8%, as 
well as morphotypes GV 3 (Fig.) – 10.2%. 

The appearing of new cysts morphotype GV 21 occurred simultaneously with a new diatom algae 
species L. peculiaris Usoltseva et Khursevich, it states habitat condition change in this period. 

The data obtained increase the idea on diversity on chrysophyta cysts morphotypes in Miocene and can 
be usable for paleoclimatic reconstructions. 

The work is supported by Integrative Project of RAS SB and RAS FEB No 5& 09-II- -08-001. 

 

 
Fig. 1. Dominating groups of morphotypes of chrysophyta cysts from Vitim Plateau sediments (  

). 

  
 

., ., ., . 
, 3, . ,  664033,  

 
. 7236.  123  (  126-249 

). ,  K–Ar 
. .  

 60 ,  9 – . ,  
 ( . 

. , 2008, . 360-362).  
,  28  (GV). 

. 
, . 

, ( , 
GV 1, GV 2  GV 11), .  

 (18 ),  (16,1 
. ./ )  (229 ),  (25%)  

 (GV 11).  
 143 (Duff K.E. et al., Atlas of Chrysophycean Cysts, 1995, 189 p.).  

 (155 ) .  10 
,  (34,5%)  GV 12 (fig.),  094 (Duff 

K.E. et al., Atlas of Chrysophycean Cysts, 1995, 189 p.), .  
 (27,1%)  GV 1 (fig.).  

 ( ., .  
, 2006, 148 .),  



 98 

, : Paraphysomonas (Stokes) De Saedeleer, Chrysosphaerella longispina 
Lauterborn, Mallomonas striata Asmund (Duff K.E. et al., Atlas of Chrysophycean Cysts, 1995, 189 p.). 
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METAGENOMICS ANALYSIS OF THE BACTERIAL COMMUNITY  
ASSOCIATED WITH DIATOM ALGA SYNEDRA ACUS 

Galachyants Y. 
Limnological Institute, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia 

yuri.galachyants@lin.irk.ru 

Metagenomics analysis becomes powerful and widely used tool to decipher complex bacterial communities 
from specific microbiomes and environmental samples. A metagenomics approach gets new breadth with the 
advent of the high-throughput sequencing technologies which allow to sample many thousands of short DNA 
fragments from a specimen of the question simultaneously for a reasonable time. In the present report we 
accessed a taxonomy composition and functional properties of the microbial community associated with the 
unialgal culture of a freshwater araphid diatom Synedra acus var. radians (Kütz.) using 454 pyrosequencing 
platform. 

Pyrosequencing of the total DNA samples was performed using the standard shotgun library preparation 
with Titanium chemistry followed by GS FLX sequencing (Centre “Bioengineering”, RAS, Moscow). DNA 
samples under analysis are presented in Table 1. For samples A-E, DNA was isolated from untreated S. acus 
culture, whereas for the sample F, S. acus culture have been infiltrated through 5 m polycarbonate filter 
before DNA isolation. During infiltration step, a considerable amount the free-living bacteria have been removed 
from the sample F. As a part of the complete genome project, we have sequenced a total DNA isolated from 
the axenic S. acus culture (sample H). S. acus-specific reads have been dismissed from metagenomic samples 
AE and F using CD-HIT package (Table 1, last two rows). A metagenomic read is claimed to be diatom-specific 
if i) it has more than 98% identity with any read from sample H and ii) the pairwise alignment of the 
metagenomic pyrotag with the diatom-specific read from sample H covers more than 60% of the latter 
sequence. 

A phylotype composition analysis was performed by STAP pipeline and k-mer Bayesian classifier 
(mothur package) using 16S rRNA pyrotags. To perform a multi-sample comparison of the operating protein 
families (OPFs), we first computed all-against-all BLAST hits for ORFs found in metagenomic reads using 
mpiBLAST and then clustered ORFs into OPFs using mothur package. Finally, one hundred most abundant 
shared and non-shared OPFs were searched in PFAM database to map functional annotations. 

According to the analysis of the taxonomic phylotypes and OPFs, unialgal culture of S. acus was shown 
to contain a complex and unevenly distributed microbial community. This community consists of bacteria from a 
wide range of taxa including Bacteroidetes, -, -, and -Proteobacteria. Noticeably, the taxonomic composition 
of the sample AE substantially differs from that of sample F. The most dramatic change is an almost complete 
absence of -Proteobacteria phylotype in the sample F which is explained by a decrease of Pseudomonadales-
specific rRNA pyrotags. Patterns of the taxonomic composition in samples AE and F suggest that members of 
Bacteroidetes (Flavobaceriales, Saprospirales, and Flexibacteriales) and -Proteobacteria (Rhodobacteriales 
and Caulobacteriales) phylotypes are likely to be associated with the diatom cell wall. These bacteria could be 
the primary consumers of bounded diatom extracellular polymeric substances (EPS). From the other hand, 
members of -Proteobacteria phylotype are either passenger bacteria or microbes that feed on unbounded 
EPS. 

This work was financially supported by RFFI grant #09-04-12231 ofi-m. We thank distributed computing group of 
IDSTU SB RAS and particularly Ivan Sidorov in help to perform CPU-consuming stages of the analysis. 
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Table 1. Samples description and data processing. 

* – Samples enumerated according to GS FLX run; four GS FLX runs (A-E) have been performed on the total 
untreated metagenomic DNA; these runs were merged for subsequent analysis; ** - total DNA isolated from axenic S. 
acus culture; *** - according to epifluorescent microscopy, SEM, and TEM (A – alga cells, ABA – alga-bacterial 
aggregates, BA – bacterial aggregates, SB – single bacteria); **** – by Gomez-Alvarez et al., ISME J. 2009. 

HOMOLOGY OF BACTERIA PROTEINS, DIATOMS AND SPONGES PARTICIPATING IN 
BIOMINERALIZATION, AND HUMAN AND OTHER ANIMALS PROTEINS  

Golokhvast K.S., Pamirsky I.E.*, Panichev A.M.** 
Institute of gas and oil Far East State Technical University, 37, Pushkinskyay st., Vladivostok 690600, Russia 

*Amur state medical academy, 95, Gorky st., Blagoveshchensk 675000, Russia 
**Pacific institute of geography FEB RAS, 7, Radio st., Vladivostok 690041, Russia 

In this paper computer research data of silicateins (50), silicases (1), silaffins (5), silicon transporters and 
magnetosome proteins (97) are presented. The research was carried out with the use of biological processing 
servers UniProt (www.uniprot.org) and Blast (www.ncbi.nlm.nih.gov). 

According to the theory of matrix synthesis organic world appeared on the basis of inorganic crystals. At 
present between minerals and living organisms we can see a lot of interrelations (Naymark etc. 2009). There is 
an opinion that on the Earth, at first, “mineral” organisms appeared (Bernal, 1952; 1967; Cairns-Smith, 1966, 
1975, 1979, 1985, 2001, 2008), and then during long evolution on their basis, protobiological structures arose 
which then helped the first protocells to come into the world. Several scientists (Bernal, 1967; Golubev, 1976, 
1981, 1983, 1987, 1989; Kostetsky et al., 1981; Nisbet, 1986; Golubev, Gerasimenko, 1989; Deamer, Pashley, 
1989; Bachmann et al., 1992; Ferris et al., 1993, 1996, 1999; Ertem, Ferris, 1998; Parsons et al., 1998; Smith, 
1998; Weber, 1998; Kostetskiy, 1999, 2005; McClendon, 1999; Nisbet, Sleep, 2001; Franchia, Gallori, 2000, 
2005; Schoonen et al., 2004; Cockell, 2006; Cherkasov, 2007; Yushkin et al., 2007; Golubev, Golubev, 2009) 
think that living organisms appeared because of keystone biomolecules and biostructures matrix synthesis 
based on inorganic matrix. Minerals in this case were the first catalysts (Ferris, Kawamura, 1999; Pestunova et 
al., 2007). In this case we can suppose the first part of minerals participated in matrix synthesis, the second 
was as ion-exchange reactor; the third part could be catalyst or fulfill other functions. This whole mineral 
ensemble carried out the main function on the Earth – created life. In spite of different theories of evolution 
whatever we studied, one thing is evident – organic and inorganic world co-evolve. 

Today we know approximately 300 sorts of biominerals and nearly 50 of them are in human organism 
(Yushkin et al., 2007). 

We can suppose the first biomolecules which were synthesized on inorganic matrix spontaneously must 
have maximum affinity to some mineral lattices. Therefore, we consider some biopolymers which were modified 
and still exist in living organisms must be among specific enzymes and transporters working with minerals. 

There are a number of enzymes which use crystal lattices as substratum (silicic minerals, apatite and 
some others). For instance, silicateins, silicases, silaffins – the proteins which are able to form and destroy 
inorganic structures on the basis of silicon, such as silica (SiO2). It was shown that forming silica in sponges is 
enzymatic process opposite from forming silica in diatoms, which took place together with polyamines (Kröger 
et al., 2000) and/or polycationic peptide – silaffins where the remains of lysine are modified by 
methilpropylamine units (Kröger et al., 1999, 2001).  

Continuing this theme definite interest so called magnetosomes discovered in some bacteria represents. 
Synthesis of these natural nanoparticles is regulated with the help of special genes (Mam, Mms etc.). 
Biomineralization in magnetosomes is considered to be similar to the processes of crystallization in other 
biominerals. With the help of these organelles bacteria react the magnetic field and orientate in the space 
(Blakemore, 1975; Chubukov, 1982; Schüler, 2008; Jogler, Schüler, 2009; Nakazawa et al., 2009). 

It is shown that the proteins which have the biomineralization mechanism and homological to them are 
widely spread in the tree of life and could be met in different organisms starting with protozoa to humans. 

Silicateins, silicase, silaffins, silicon transporters, magnetosome proteins and their homologues are met in 
a great deal of life forms. Probably a lot of organisms lost the ability to utilize such compounds as silica and 
ferrites, and genes codifying special proteins for this “keep silence” or they changed. It is evident that appearing 
and developing of living organisms always exist in constant interrelations with mineral environment. 

Sample AE* F H**

A

# of reads 2.4M 905K 1.1M
Bulk DNA 500M 350M 296M

Data filtration**** # of reads 2.3M 870K 1M
Bulk DNA 470M 320M 378M
# of reads 2.25M 785K NA
Bulk DNA 466M 290M NA

1.5M 563K NA

Isolation of DNA from 
unialgal culture Description, metadata 

collection***
A, ABA, 
BA, SB

A, ABA, 
SB

Pyrosequencing

Removing S. acus-specific 
reads

# of ORFs
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We can suppose the problem of life origin and evolution on the Earth will be solved after decoding 
biomineralization mechanisms and phylogenetic ties of proteins taking part in this processes.  

TAXONOMIC COMPOSITION OF FOULING MICROALGAE IN THE NEAR SHORE ZONE  
OF NYACHANG GULF OF SOUTH CHINA SEA 

Koval’chuk Yu.L., Poltarukha .P. 
Russian Academy of Sciences Institution Severtsov Institute of Ecology and Evolution Problems, 

33, Leninskij ave., Moscow 119071, Russia 
wtc-karpov@rambler.ru 

Diatom microalgae from fouling communities of tropical seas are insufficiently studied up to nowadays. At the 
same time, the importance of this group both in the succession of fouling communities and in the process of 
primary production formation in near-shore waters is rather high. From 1995 to 2009, in the near-shore part of 
Nya chang Gulf of South China Sea (Vietnam), the authors studied the floristic composition and the abundance 
of diatom algae in the foulings of natural (rocks, large stones), and artificial (experimental glass lames) of hard 
substrates. Using scrapers or scalpels, we took from rocks and stones samples of a good quality in the water 
edge zone and at the depth of 0.5 m. At experimental lames which were ground slides, we performed both 
qualitative and quantitative studies. The glass lames were fixed with special devices in which they were 
exposed in two sites of Nyachang Gulf at the depth of 1 m. After definite time intervals (2 hours, 1, 3, 5, 15, 25 
and 30 days), the glasses were taken away and transferred in marine water in the laboratory for the studies. 

In total, we found out in the near-shore part of the gulf 37 species and varieties of diatom algae which are 
related to 3 classes, 14 orders, 17 families, 23 genera. Among the hard substrates foulings of the area studied, 
the representatives of the class Bacillariophyceae dominate, their fraction is 59.5% of total species amount. 
This class in fouling communities from Nyachang Gulf near-shore zone is represented by 5 orders, 8 families, 
10 genera, 22 species and varieties. Species diversity of two other classes of diatom algae in fouling 
communities from the area studied is comparatively little. The class Coscinodiscophyceae is represented by 5 
orders, 5 families, 6 genera, 7 spacies and varieties. The class Fragilariophyceae is represented by 4 orders, 4 
families, 7 genera, 8 species and varieties. The maximal species diversity was appropriate to the genera 
Nitzschia (6 species) and Navicula (5 species). 

The formation and development of diatom foulings is noticeably impacted by the breakers factor 
manifested in particular in the water edge zone. This fact has probably resulted in an abundant development of 
the species forming slimy or hollow colonies (Navicula pennata var. pontica, Nitzschia longissima) in the most 
surfed area of Nyachang Gulf – on the Nok Island littoral. 

On the littoral of Che Island exposed to a weak or partly moderate surf, the fouling community at 
constantly sprinkled stones looked like a grayish, somewhere brown, two-level slimy film formed mainly by 
Synedra sp. and Mastogloia sp.  

A considerable factor influencing the structure of diatom foulings structure and their quantitative 
characteristics are different pollutions. The most resistant to pollutions diatom algae are related to the genera 
Melosira, Navicula, Synedra, Nitzschia. The representatives of these genera were developed in mass in the 
fouling communities in the Western part of Nyachang Gulf the most impacted by human activity. E.g., in the 
fouling from glass lames exposed in the area of Nyachang City beach in 25 m from the shore, diatom algae of 
the genus Melosira dominated; as it is known, they develop in mass in eutrophicated waters. 

While on natural hard substrates we studied perennial diatom algae colonies, the initial stages of 
succession of diatom algae communities were studied on glass lames with exposition term up to 30 days. A 
high abundance of diatom algae in glass lame foulings was mainly due to a mass development of 
representatives of the genera Navicula and Nitzshia dominating in a diatom fouling during the whole studied 
period of their exposition. 
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STUDIES ON RELATIONSHIPS OF THE DIATOM SYNEDRA ACUS SUPS. RADIANS WITH 
MICROORGANISMS ISOLATED FROM LAKE BAIKAL 

Kurilkina M.I., Zakharova Yu.P., Petrova D.P., Likhoshway E.V.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

An algo-bacterial community is a convenient model for studies of trophic relationships, interspecific 
communication, as well as mutual inhibition or cooperation. Intracellular and extracellular associations exist 
between eukaryotic organisms-hosts and prokaryotes. Algae in such communities are nutrient suppliers to the 
system, and microorganisms associated with them can either stimulate their growth supplying with vitamins and 
products of mineralization of organic compounds or inhibit the development of microorganisms causing their 
death (Reinman L. et al., Appl. Environ. Microbiol., 2000, pp. 578–587; Croft M.T. et al., Nature, 2005, pp. 90–
93; Droop M.R., J. Plankton Res., 2007, pp. 107–113). For the past decade, one of the aspects of 
investigations, which is of great scientific interest, is the role of bacteria in the destruction of diatoms during 
their settling and diagenesis (Field C.B. et al., Science, 1998, pp. 237–240).  

The aim of this work was to study relationships of the diatom Synedra acus subsp. radians (Kütz.) 
Skabitsch. with association of associated bacteria. Water samples were collected at the central site Ukhan-
Tonky (Central Baikal) from the depths of 0 m (surface layer), 25 m, 700 m, 1465 m, 1515 m, 1560 m, and 
1570 m (near-bottom layer) in the year of absolute dominance of this alga in spring phytoplankton. Total 
abundance of bacteria varied from 0.5×105 to 2.4×106 cells/mL being maximal in the surface and near-bottom 
water layers. DAPI staining revealed that bacteria actively colonized diatoms concentrating on the surface and 
inside the cells of dead diatoms. Microorganisms were grown in Petri dishes on the fish-peptone agar (FPA/10) 
and on the original medium (DA). Hydrolyzate of the diatom S. acus subsp. Radians was the only source of 
carbon. As a result, we collected 68 natural strains of microorganisms for studying the effect of microorganisms 
on diatom growth under laboratory conditions.  

Eleven strains with different culture and morphological characteristics were isolated from the near-bottom 
water layer. Polycultures were created during joint cultivation of the algae and bacteria on the liquid medium 
DM. For this purpose, during the stationary growth phase we added to the medium inoculates of axenic culture 
of S. acus subsp. radians and one of the bacterial strains. Cultivation was performed in a 96-well plates with flat 
bottom (400 µl) in a miniincubator at 10ºC and illumination of 16 µmol/m2 · c with the 12-hour alternation of day 



 102 

and night. We observed the culture growth for 11 days till the late exponential phase or phase of growth 
declining. Cells were counted with a microscope Axiovert 200 (“Zeiss”, Germany).  

Cultures of S. acus associated with bacteria differed in some peculiar characteristics of growth. The 
addition of pure bacterial cultures to the pure algal culture with two strains (BW7-64 and BW7-68) stimulated 
the growth of polycultures. The abundance of diatom cells in them exceeded the growth of axenic culture. 
Strains BW7-58, BW7-59, BW7-62, BW7-63, BW7-65, and BW7-66 inhibited the algal growth during joint 
cultivation. Strain BW7-66 possessed the high level of activity inhibiting the growth. Complete degradation of 
chloroplasts and cell death of diatoms were observed in the polyculture with this strain.  

Thus, we suppose that bacteria from a natural algo-bacterial community can produce metabolites with 
the opposite effect on algae, i.e. they can function both as stimulators or inhibitors of growth. 

The work was supported by the RAS Presidium Programme “Origin and Evolution of Biosphere”, Project  No. 184, 
and RFBR Grant No. 09-04-12231-ofi-m.  
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REPRESENTATIVES OF THE FAMILIES ACHNANTHACAE AND ACHNANTHIDIACE 
(BACILLARIOPHYTA) IN THE LITTORAL ZONE OF LAKE BAIKAL  

Makarevich O.Yu., Pomazkina G.V., Rodionova E.V.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

lolialo@lin.irk.ru  

Diatoms are the most common group of algae that play a very important role in production processes occurring 
in the littoral zone and in self-purification of water bodies. The families Achnanthaceae Kütz. 1844 and 
Achnanthidiaceae Mann 1990 from the order Achnanthales (Round et al. 1990) consist of a great number of 
taxa playing an important role in the formation of diatom communities in freshwater environments (Round, 
Bukhtiyarova 1996 ). At present, the family Achnanthaceae is divided into 5 genera (211 species): Achnanthes 
Bory 1822; Astertiella Witkowski, Lange-Bertalot, Metzeltin 1998; Pauliella F.E. Round & P.W. Basson 1997; 
Pogoneis F. E. Round et Basson 1997; and Vikingea Witkowski, Lange-Bertalot, Metzeltin 2000. The family 
Achnanthidiaceae is represented by 8 genera (106 species): Achnanthidium F.T. Kützing 1844; Eucocconeis 
P.T. Cleve ex F. Meister 1912; Karayevia Round and Bukhtiyarova ex Round 1996; Kolbesia Round and 
Bukhtiyarova ex Round 1996; Lemnicola Round & Basson, 1997; Planothidium Round and Bukhtiyarova 1996; 
Psammothidium Bukhtiyarova and Round 1996; and Rossithidium Round and Bukhtiyarova 1996. 

Earlier, 37 species, variations and forms of these families were found in Lake Baikal (Meier, 1930; 
Skvortsov, 1937; Håkansson & Flower, 1993). Electron scanning microscopy and taxonomic transformations of 
the recent years (Bukhtiyarova & Round 1996; Round, Bukhtiyarova 1996b; Round & Basson, 1997; Fourtanier 
& Kociolek 1999; Lange-Bertalot 1999; Kingston 2000; Potapova & Ponader 2004; Manoylov 2007; 
Bukhtiyarova 2007a; 2007b) allowed the researchers to more objectively estimate the species composition of 
these families and to revise taxonomic belongings of the species.  

We analyzed samples obtained within the framework of the International Project “Darwin Initiative” in 
June-July of 1997-1998.  

We identified 29 species, variations and forms belonging to 8 genera: Achnanthes, Achnanthidium, 
Eucocconeis, Karayevia, Kolbesia, Planothidium, Psammothidium, and Rossithidium. The following diatoms 
were for the first time registered in Lake Baikal: Achnanthidium exiguum (Grun.) Czarn., Achnanthidium 
deflexum (Reimer) King., Psammothidium altaicum Bucht., Psammothidium biorettii (Germain) Bukht. et 
Round, Psammothidium rossii (Hust.) Bukht. et Round, Psammothidium grischunum f. daonensis (Lange-
Bertalot) Bukht. & Round, Psammothidium helveticum (Hust.) Bukht. et Round, Rossithium linearis (Smith) 
Round & Bukht., Eucocconeis laevis (Østrup) Lange-Bertalot, Karayevia kolbei (Hust.) Bukht., and Karayevia 
ploenensis (Hust.) Bukhti. Moreover, a novel species Psammothidium sp. was identified (Fig. 1).  

The comparison of the data obtained with the previous data showed that Planothidium lanceolatum 
(Bréb.) Round & Bukhti. and Planothidium ellipticum (Cl.) Round & Bukht. are typical of Lake Baikal. We have 
not found Achnanthes bistriata Skv. and Eucocconeis elliptica Skv. recorded by K.I. Meier (1930), Karayevia 
clevei var. rostrata (Hust.) Kingst., Achnanthes exigua var. baikalensis Skv., Achnanthes lacus baicali Skv., and 
Eucocconeis onegensis Wisl. & Kolbe found by B.V. Skvortsov (1937), as well as Achnanthes borealis Cl., 
Achnanthes lanceolata var. ventricosa Hust. registered by Håkansson and Flower (1993). The list of novel and 
interesting species for Lake Baikal proposed by V. Yasnitsky (1936) contained 6 representatives of the genus 
Achnanthes, from which we registered 2 species (Achnanthes gracillima Hust. and Achnanthes skvortzovii 
Jasnitsky). The species Achnanthes angustissima Jasnitsky, Achnanthes dispar var. capitata Jasnitsky, 
Achnanthes dorogostaiskii Jasnitsky, and Achnanthes koshovii Jasnitsky have not been revealed. The most 
abundant species in the littoral zone of Lake Baikal are Achnanthes meyeri Skv., Achnanthes striata Skv. & 
Meyer, Achnanthidium minutissimum (Kutz.) Czarnecki, and Karayevia laterostrata (Hust.) Bukht. 
Achnanthidium minutissimum (Kutz.) Czarnecki has a high level of morphological variability.  

Representatives of the families Achnanthaceae and Achnanthidiaceae are widely spread in the littoral 
part of the lake. However, they are not numerous. The majority of species are oligo-xenosaprobionts.   
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Fig. 1. Psammothidium sp. nov. “Quanta 200” FEI Company. (1 – Raphe valve, external view, 2-4 – Raphe valve, internal 

view, 5-6 – Rapheless valve, internal view). 
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laevis (Østrup) Lange-Bertalot, Karayevia kolbei (Hust.) Bukht., Karayevia ploenensis (Hust.) Bukhti.  
,  Psammothidium sp. (Fig. 1).  

,  Planothidium 
lanceolatum (Bréb.) Round & Bukhti.  Planothidium ellipticum (Cl.) Round & Bukht.  
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Achnanthes lacus baicali Skv., Eucocconeis onegensis Wisl. & Kolbe . .  (1937),  
Achnanthes borealis Cl., Achnanthes lanceolata var. ventricosa Hust. Hakansson  Flower (1993). 
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IDENTIFICATION OF PROTEINS OF AQUAPORINES IN PROTEIN EXTRACTS FROM  
THE DIATOM ALGA SYNEDRA ACUS 

Marchenkov , Petrova D.P. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

Diatoms in modern water bodies of different type are one of the most widely distributed algal groups a 
peculiarity of which is a cell wall constructed of organic material and silica with a thin and ornamented structure. 

Molecular mechanism of formation of species specific structure of diatoms cell wall remains little studied. 
It is known that silica deposition occurs inside a special organelle SDV (silicon deposition vesicles) with 
participation of proteins, polypeptides and long-chain species specific polyamines (Kröger N. et al., Sience, 
1999, pp. 1129-1132). It was supposed that ar polymerization of siliceous acid in SDV, there occurs water 
accumulation (Grachev M. et al., BioEssays, 2008, pp. 328-337) which must remove by transfer proteines – 
aquaporins representing small membranous channels with molecular mass of ca. 30 kDa. 

To find out aquaporins in the proteome of the diatom alga Synedra acus subsp. radians (Kütz.) 
Skabitsch, we performed biomass extractions by methods allowing to obtain proteins extracts of a wiode 
spectrum of molecular masses (Fig. 1 , 2 ) (Frigeri L.G. et al., Mole ular and Cellular Proteomics, 2006, pp. 
182-193; . ., . , 2007, . 113-116). 

On the base of comparative analysis of amino acid sequence and aquaporins proteins hydropaty profiles 
done before at different representatives, we selected a peptide (ISGAHFNPAV – LSA-peptide) situating out of 
membrane, between first and second membranous bundles which can serve as a potential antigenic 
determinant. Polyclonal sera anti-LSA1 and anti-LSA2 obtained at immunization of a rabbit with a synthetic 
LSA-peptide (RusBiolink, Moscow) were used for revealing of aquaporin protein in proteinous fractions by 
immunoblotting method. We observed immunal staining of the protein with mass of ca.30 kDa in summary 
protein extract (Fig.1b) and in obtained at subsequent treatments of biomass of S. acus with 8  urea and 2% 
DDS-Na, as well as of protein in the extract of Escherichia coli (Fig.2 b) which was taken in this work as a 
positive control. 

Such selective binding at extraction with urea and DDS-Na can be explained by maximal outcome of 
membranous proteins at these stages. The mass of stained bands corresponds to references data on 
molecular masses of aquaporins proteins (Smith BL. et al., J. Biol Chem, 1991, pp. 6407–6415; Murata K. et 
al., Nature, 2000, pp. 599–605; Gorin MB. et al., Cell, 1984, pp. 49–59; Agre P. et al., Am J Physiol., 1993, pp. 
461-463) and can suggest their finding in the proteome of the diatom alga S. acus.  

This work was supported financially by the Program of Basis Research of RAS Presidium «Molacular Cell 
Biology» 6.3. 
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Fig. 1. Results of gradient gel-electrophoresis 
and immunoblotting.  is a marker of 
molecular masses (“Bio-Rad”, USA); ) S. 
acus subsp. radians – summary protein, stain 
coomassie; b) anti-LSA1 and anti-LSA2 – 
results of immunoblotting with antisera vs. 
synthetic peptide LSA obtained from different 
rabbits ( -

.  – 
 (“Bio-Rad”, 

); ) S. acus subsp. radians – 
, ; ) anti-

1  anti- 2 –  
 

, 
). 

Fig. 2. Results of gradient gel-electrophoresis and immunoblotting of 
subsequent extracts of S. acus subsp. radians and protein extract of E. coli. 
) staining with coomassie; b) immunoblitting with antiserum anti-LSA2 vs. 

synthetic peptide LSA;  is a marker of molecular masses (“Bio-Rad”, USA); 
extraction: 1 – 10 m  Tris-HCl/1 m  CaCl2, pH 7.4; 2 – 100 m  EDTA; 3 – 
1M NaCl; 4 - 8  urea; 5 - 2% DDS-Na; b – protein extract of E. coli. 

 
 S. acus subsp. radians  

 E. coli. ) – ; ) –  
 anti- 2 ;  -  

 (“Bio-Rad”, ); : 1 – 10 -HCl/1 
 CaCl2, pH 7.4; 2 – 100   ; 3 – 1M NaCl; 4 - 8 ; 5 - 

2% -Na; 6 –  E. coli.). 

  
 SYNEDRA ACUS 

, . 
, 3, . ,  664033,  

 
, , 

,  
.  

 
. ,  

 SDV (silicon deposition 
vesicles) , , 

 (Kröger N. et al., Sience, 1999, pp. 1129-1132).  
,  SDV,  

 (Grachev M. et al., BioEssays, 2008, pp. 328-337),  
 – ,  

 30 . 
 Synedra acus subsp. 

radians (Kütz.) Skabitsch,  (Frigeri 
L.G. et al., Mole ular and Cellular Proteomics, 2006, pp. 182-193; . ., . , 2007, . 
113-116),  (figs. 1, 2). 

 
 (ISGAHFNPAV 

– ), ,  
, .  

 anti- 1  anti- 2,  
(« », ),  

.  30     
 ( .1 )  S. acus subsp. 

radians 8  2% -Na,  Escherichia coli ( .2 ),  
.  

-Na  
.  

 (Smith BL. et al., J. 



 107 

Biol Chem, 1991, pp. 6407–6415; Murata K. et al., Nature, 2000, pp. 599–605; Gorin MB. et al., Cell, 1984, pp. 
49–59; Agre P. et al., Am J Physiol., 1993, pp. 461-463)  

 S. acus.  
 

. « » 6.3. 

EFFECT OF GLUCOSE, GLYCERIN AND CASEIN HYDROLYSATE ON GROWTH OF SYNEDRA ACUS 
FROM LAKE BAIKAL UNDER CONDITIONS OF MIXOTROPHIC CULTIVATION  

Mikhailov I.S., Shishlyannikov S.M.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

1ivanich9@mail.ru 

The freshwater diatom Synedra acus from Lake Baikal has been intensely studied as a potential source of 
unsaturated fatty acids, in particular eicosapentaenoic acid. S. acus has low growth rate and low concentration 
of biomass under conditions of photoautotrophic cultivation. Some microalagae are able to grow assimilating 
organic sources of carbon in presence of absence of light. Mixotrophic cultivation of S. acus is supposed to be 
used as an alternative method for increase of biomass concentration since some algae are able to accelerate 
the rate of growth and productivity under mixotrophic conditions.  

Experiments on the effect of different organic sources of carbon on the rate of cell division of the S. acus 
laboratory culture were performed in the 96-well plates with 400 µl flat bottom (in volume). The cells were 
cultivated in a miniincubator (“New Brunswick G25”, USA) at 10ºC, illumination of 16 µmol/m-2 s-1 and at 12-
hour alternation of day and night. 

The following media were used for mixotrophic and heterotrophic cultivation of S. acus cells: medium DM 
with glucose concentrations of 2.8 mM, 5.6 mM, 17 mM, 28 mM; medium DM with glycerin concentrations of 
10.9 mM, 32.7 mM, 54.5 mM, 109 mM; and medium DM with casein hydrolysate concentrations of 0.5 mg/mL, 
1 mg/mL, 3 mg/mL. The control experiment corresponded to S. acus cultivation in medium DM without addition 
of organic sources of carbon.  

The cells in experiments were calculated during the diatom exponential growth. Cells of S. acus died 
under heterotrophic conditions of cultivation. Maximal rate of S. acus cell division (0.79 day-1) was recorded in 
medium DM with glucose concentration of 5.6 mM under conditions of mixotrophic cultivation and was; in 
medium DM with glycerin concentration of 32.7 mM – 0.85 day-1, and in medium DM with casein hydrolysate 
concentration of 1 mg/mL – 0.95 day-1. In the control experiment, the rate of S. acus cell division was 0.77 day-

1. It was established that the rate decrease of cell division and gradual cell death occur with the increase of 
concentrations of organic compounds in the medium.  

Hence, the results of the experiments showed that it is possible to cultivate the freshwater Baikal diatom 
S. acus under mixotrophic conditions: the rate of cell division increases.  
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DIATOM ALGAE IN THE LATEST SNOW AND SURFACE ICE OF GLACIER TSAMBAGARAV  
(NORTH-WEST MONGOLIA) 

Mitrofanova E., Schwikowski M.* 
Institute for Water and Environmental Problems SB RAS, 1, Molodezhnaya St., Barnaul 656038, Russia  

*Paul Scherrer Institut, 5232 Villigen PSI, Switzerland 
emit@iwep.asu.ru, margit.schwikowski@psi.ch 

Glaciers store climate records - some biological objects - surprisingly well like bottom sediments in deep lakes. 
In the last decade the diatoms in ice cores taken from different glaciers were investigated all over the world – in 
Greenland, China, Peru, Chile. Ice core dating allows to determine climatic stages existed 5-20000 years ago in 
the area under study (Christner, 2000; Davis, Thompson, 2006). The results of ice core study in Northern 
Hemisphere could help in understanding climate patterns over the past 500-1000 years or more. Samples of 
the ice and the latest snow from the glacier Tsambagarav (West Mongolia) were collected at 3643 and 4148 m 
above sea level, respectively, in 30 June-9 July, 2009. The snow and ice were melted and filtered through the 
filters with pores of 1 m in diameter. The diatoms were separated from the organic matter with 30% peroxide 
(H2O2), triply washed with distilled water and investigated using light (Laboval 4) and scanning electronic 
(Hitachi 3400N) microscopes. 

The total number of diatom frustules in the ice (3643 m a.s.l.) was 252 th.frustules/m3. The diatoms found 
in the ice and the latest snow were mostly of benthic and periphytic forms from genus Navicula, Gyrosigma, 
Tabellaria, Cymbella, Nitzschia, Surirella. The frustule of Gyrosigma can be probably G. scalproides, 
freshwater-brackish species, widely spread in different waterbodies. The genus Tabellaria was represented by 
species T. flocculosa that is a sphagnophil, typical for marshes, characterized by tolerance to different water 
temperature being an euthermic organism, often dwelling on the wet rocks and in the moss, widely spread in 
the North and in the mountains. Cymbella lanceolata was met in the snow sample as well. It is a freshwater (an 
oligohalob) littoral species that could habitat in waterbodies with alkaline pH, often in benthos and periphyton. 
Navicula radiosa has the same ecological characteristics. It allows to make an assumption that they were 
brought and buried in the ice from the area rich in lakes with well developed littoral zone. The centric diatoms 
were not diverse, mostly the representatives of genus Stephanodiscus, perhaps S. hantzschii, widely spread in 
lentic and lotic waterbodies, often typical for eutrophic lakes and rivers, and serving as an eutrophic indicator. In 
addition, the part of Aulacoseira subarctica frustule was found. This species is typically dwell in mountain and 
northern waterbodies. Both, small centric forms and large pennatic ones (more than 100 m length) could be 
transported with atmospheric precipitates. Thus, cell size is not a limiting factor and all forms of diatoms able to 
vegetate in the river and lake algoflora can be met in the ice. Algae from plankton in drops of water could be 
separated from the whole water mass and transported far away from the waterbody. Algae from periphyton can 
be found also in the atmospheric precipitates due to fluctuation of water level. The majority of diatoms revealed 
in the ice and latest snow are oligosapropic species widely spread in Eurasia and dwelling mainly in freshwater 
watebodies. Some of them can survive in slightly mineralized water. Most of species vegetate in the North or 
high in the mountains. Thus, their occurrence in the glacier (3000-4000 m), on the one hand, can indicate that 
they were brought to the glacier with local circulation flows from local waterbodies, on the other – were 
transported with atmospheric precipitates from remote areas characterized by similar environment. Thus, the 
presence of diatoms in the upper ice layer and in the latest snow may be evidence of their occurrence in the 
deeper ice layers. 
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DETECTION OF SILICIC ACID TRANSPORT (SIT) PROTEINS AND AQUAPORINS IN PROTEIN 
EXTRACTS FROM THE DIATOM SYNEDRA ACUS 

Petrova D.P.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

Diatoms in modern water bodies of different types are one of the most common groups of algae, a distinctive 
feature of which is a cell wall constructed from organic material and silicon with a thin and ornamented 
structure. At present, molecular processes of silicon transport inside the diatom cell from the environment and 
the formation of a species-specific frustule inside SDV (silicon deposition vesicles) are still poorly studied. 
Hildebrand et al. (Hildebrand M. et al. Nature, 1997, pp. 688-689) found for the first time silicic acid transport 
proteins in a sea alga Cylindrotheca fusiformis. 

Grachev M. et al. (Grachev M. et al., BioEssays, 2008, pp. 328-337) hypothesized that the water 
accumulates during polymerization of silicic acid inside SDV which should removed with the help of proteins-
transporters. It is known that small protein channels – aquaporins perform water transport (Smith BL. et al., J 
Biol Chem., 1991, pp. 6407–6415). The aim of our work was to search, identify and study silicic acid transport 
proteins and aquaporins in the proteome of a freshwater alga S. acus subsp. radians (Kütz.) Skabitsch. 

We carried out comparative analysis of amino acid sequences and profiles of hydropathy for SIT proteins 
of diatoms, for proteins-aquaporins in different organisms and aquaporin-like proteins in diatoms which may be 
referred to MIP-superfamily due to the presence of NPA-domains in them. Based on the data of theoretical 
analysis, we selected fragments of sequences able to serve as potential antigenic determinants of detection of 
aquaporins and SIT in diatom proteome. According to these sequences, peptides were synthesized (P1-P4 for 
SIT, “Vector”, Novosibirsk; aquaporins LSA1 and LSA2, “Rusbiolink”, Moscow). SIT proteins and aquaporin-like 
proteins with molecular masses 64 kDa and 33 kDa, respectively, were detected in protein extracts from the 
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diatom S. acus with antisera to these peptides using immunobloting. This corresponds to the literature data 
hamatrakoln K. et al., Eukaryotic Cell, 2007, pp. 271-279; Agre P. et al., Am J Physiol., 1993, pp. 461-463).  

The work was supported by RAS Presidium Programme of Basic Research “Molecular Cell Biology”, 6.3.  
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THEORETICAL ANALYSIS OF AMINO ACID SEQUENCES OF  
AQUAPORIN-LIKE PROTEINS OF DIATOMS 

Petrova D.P., Pozdnyak E.I. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

d.p.p@lin.irk.ru 

One of the distinctive abilities of diatoms (Bacillariophyta) is to capture silica from the environment dissolved in 
low concentration and to use it for construction of ornamental exoskeleton inside a specialized organelle – SDV 
(silicon deposition vesicle). Therefore, these organisms play a leading role in the global silicon cycle. 

In 2008, Grachev and co-authors suggested that polymerization of silicic acid in SDV occurs with water 
accumulation the excess of which should be removed from the organelle (Grachev M. et al., BioEssays, 2008, 
pp. 328-337). It is known that transport of water through the cell membrane is performed with special proteins 
transpoters-aquaporins (Agre P. et al., Am J Physiol, 1993, pp. 461-463).  

We analyzed the database NCBI and found out that at present it consists of 7 predicted protein 
sequences of diatoms (two of Thalassiosira pseudonana – ThPseu1 and ThPseu2; and five of Phaeodactylum 
tricornutum - PhTric1, PhTric2, PhTric3, PhTric4, and PhTric5), which may be referred to MIP-super-family 
because of the presence of NPA-domains (a super-family of integral membrane proteins, which form pores in 
the cell membranes, includes a protein family of aquaporins and aquaglyceroporins).  

Using software BLAST, we analyzed amino acid sequences of diatoms, aquaporins and 
aquaglyceroporins in a human (Homo sapiens), plants (Arabidopsis thaliana), fungi (Ajellomyces dermatitidis, 
Aspergillus clavatus, Aspergillus flavus, Aspergillus fumigatus, Blumeria graminis, Paracoccidioides 
brasiliensis, Pyrenophora tritici-repentis, Saccharomyces cerevisiae, and Saccharomyces chevalieri), bacteria 
(Escherichia coli), and protozoa from the group of apicomplex (Plasmodium falciparum, Plasmodium vivax, 
Plasmodium yoelii yoelii, and Toxoplasma gondii). Comparison of proteins showed that diatom sequences may 
have homology of over 45% with the sequences of aquaporins and aquaglyceroporins of other organisms. 
NPA-domains are the most conserved which participate in pore formation in aquaporins. Diatom sequences 
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ThPseu2 and PhTric5 differ significantly from the sequences of other organisms. For example, alanine in the 
second conserved NPA-domain is substituted by methionine (M). However, the homology of these amino acid 
sequences is 69%.  

Hydropathy profiles were calculated and constructed for aligned amino acid sequences with CLUSTAL 
and software TmPred and BioEdit. Hydropathy profiles ThPseu1, PhTric1, PhTric2, PhTric3 and PhTric4 are 
similar to the aquaporin profiles of plants. It means that they perform similar functions – selective transport of 
water through cell membranes even at low homology of amino acid sequences (Lorkema&Strotboom, 
Molecular membrane biology, 1998, pp. 33-42; Lorkema&Strotboom, FEMS, 1998, pp. 305-22). Hydropathy 
profiles ThPseu2 and PhTric5 are similar to none of the organisms under comparison.  

This work was supported by the RAS Presidium Programme of Basic Research “Molecular Cell Biology”, 6.3.  
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SPRING SEA-ICE ALGAL AND ICE-EDGE PHYTOPLANKTON COMMUNITIES FROM  
THE LAPTEV SEA POLYNYA IN 2008  

Polyakova Ye.I., Abramova E.N., Astakhova L., Kassens H., Hölemann J. 
Lomonosov Moscow State University, Geographical Faculty, 1, Leninskie gory, Moscow GSP-1 119991, Russia 

ye.polyakova@mail.ru 

Climate system of the Arctic is currently undergoing evident changes. The retreat of sea ice from the Arctic 
regions during the last 30 years has been receiving considerable attention (e.g., Polyakov et al., 2005). The 
wind-forced Laptev Sea polynya is a major area of sea-ice production in the Arctic, and it is one of the key 
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elements of environmental system of the Laptev Sea (e.g., Kassens et al., 2009). It is therefore essential to 
improve our knowledge of the Laptev Sea polynya system, as the crucial shelf area with high level of biological 
activity, and significant contributor to primary production. To investigate the influence of polynya on hydrological 
and hydrobiological properties of the Laptev Sea shelf waters, oceanographic station sites were generally 
confined to the location of the polynya area during POLYNYA 2008/TRANSDRIFT XIII expedition. To reveal 
temporal variability of these characteristics, the measurements were repeated several times at the same sites 
between April 10 and May 5. The ENVISAR ASAR satellite imagery shows the evolution of the coastal polynya 
during this time. Therefore, our phytoplankton and sea-ice algal records allowed us to trace the development of 
biological processes in the polynya area during the spring.  

On the basis of study >100 water and sea-ice samples collected in the Laptev Sea polynya area the 
following regularity in distribution patterns of algal abundances, biomass and species composition were 
revealed. The overall abundances of algae cells in phytoplankton samples ranged mainly from 37 to 38027 
cells l-1, and generally decreasing with water depth. The total algal biomass showed a pattern similar to 
abundances of cells. The highest values of phytoplankton biomass (> 1–2 µg C l-1) recorded in the upper 5 - 10 
m water depth, and sharply decreased in approximately 2 times below 10 m water depth at most Stations 
(down to 0.2 µg C l-1). Diatoms dominated the algal assemblages (up to 98.4% of total abundances) 
throughout the water column almost at all Stations. Typical marine and brackish water-marine species were the 
most taxonomically divers and abundant, comprising 54.6–100% in diatom assemblages. Group of freshwater 
diatoms is dominated by the riverine planktonic species. Maximum relative abundances of freshwater diatoms 
(up to 45.4% of diatom assemblages) recorded in the upper 2 - 5 m water layer in the southern part of the 
coastal polynya. Repeated measurements between April 11 and May 5, which were carried out in the 
southernmost part of polynya, indicated increase of biomass values owing to bloom of diatoms, which started 
approximately 19.04 - 23.04.  

Microalgal associations from sea-ice cores give evidences for the increase of overall abundances of 
algae (from 477.1 to 2 204.2 cells l-1) and total biomass (from 0.1 to 0.35 µg l-1) with cores depth. ). Diatoms 
dominated algal associations (72.4 – 97.1%), and chlorophytes of freshwater origin usually comprised < 10% of 
algal abundances and < 1% of biomass. The maximal proportions of chlorophytes (up to 27.6% of total algal 
abundances) recorded in the surface assemblages from the southern part of the coastal polynya.  

SPRING PHYTOPLANKTON OF LAKE BAIKAL IN 2007-2009 
Popovskaya G.I., Usol’tseva .V., Bessudova .Yu. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
marinaus@lin.irk.ru 

Lake Baikal is characterized by maximal development of spring phytoplankton and well-expressed perennial 
variations of its abundance and biomass (Antipova, Trudy Limnol. in-ta SO AN SSSR, 1963, pp. 12–28). There 
are highly productive (with biomass of >1000 mg/m-3), mean productive (500-1000 mg/m-3) and low productive 
years (<500 mg/m-3) (Popovskaya, Aguatic Ecosystem Health and Management, 2000, pp. 215–225). 

The beginning of new millennium was characterized by a low level of phytoplankton development. 
Elevated concentrations of Aulacoseira were observed only in 2000, other years (2001-2006) were low 
productive with a very weak development of Aulacoseira baicalensis (K.I.Meyer) Simonsen (Bondarenko, 
Resume of thesis … Dr. in Biol. Sci., 2009, 46 p., Pomazkina et al., Algology, 2010, pp. 56-72). 

This work was aimed to the assessment of present state of Lake Baikal by materials from expeditions of 
2007-2009 in comparison with perennial data of 1964-1990 . 

We studied the species structure, spatial distribution, abundance and biomass of phytoplankton over the 
whole water area of Lake Baikal. 

It is shown that in 2007, at major part of pelagic area, there was a massive development of A. 
baicalensis, its fraction was 55-70% of total phytoplankton abundance and biomass (Popovskaya G.I. et al., 
Geografia I prirodnye resursy, 2008, pp. 83-88). At that time in the Southern basin the subdominants were such 
species as Stephanodiscus meyeri Genkal & Popovskaya, Aulacoseira islandica (O. Müll.)Simonsen, Synedra 
acus subsp. radians (Kütz.) Skabitsch. On the background of intensive diatoms development, there were little 
chrysophytae. They were mainly represented by Dinobryon cylindricum Imh. and by very small amount of 
Mallomonas vannigera Asmund. The fraction of dynophytae and cryptophytae was 1-2% of total mass of spring 
phytoplankton. 

In 2008, we noticed at all stations a massive development of Synedra acus subsp. radians, its fraction 
was 80-90% ot total phytoplankton abundance and biomass. Subdominant ones were the species Fragilaria 
danica (Kütz.) Lange-Bertalot (=Synedra ulna var. danica (Kütz.) Grun.), A. baicalensis, A. islandica, Cyclotella 
baicalensis Skv., St. meyeri, Asterionella formosa Hass., D. cylindricum. The value of fine-cell species 
Stephanodiscus, Monoraphidium arcuatum (Korsch.) Hindák, M. contortum (Thur.) Komárkova-Legnerová, 
Chroomonas acuta Uterm., Koliella longiseta (Vischer) Hindák was not great. 

In 2009 a dominant species in the Southern Baikal, like in 2008, was Synedra. Subdominant ones were 
mainly the same species as in spring, 2008 . - A. islandica, A. baicalensis, D. cylindricum.  

Hence, spring surveys of the whole Lake Baikal we had been performed for 3 years (2007-2009) showed 
that during two subsequent years, at major part of lake area there developed massively dominant diatoms 
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species - . baicalensis in 2007 and Synedra acus subsp. radians in 2008 resulting in highly productive years 
in the Southern and Central lake basins and low productive ones in the Northern Baikal. In 2009 we noticed 
again an intensive development of Synedra acus subsp. radians in the Southern and Central Baikal but in lower 
concentrations than in 2008. The year was characterized as mean-low productive. Total biomass of 
phytoplankton in Lake Baikal during the period of studies (2007-2009) was comparable with average perennial 
data for 27-years period (1964-1990). Thus, first element of Lake Baikal ecosystem on which the life in the lake 
depends, functions in the same regime as before. 

The work was supported by a budget program VII.62.1.3. 
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SPECIES COMPOSITION OF THE FAMILY CYMBELLACEAE (BACILLARIOPHYTA)  
IN THE LITTORAL ZONE OF LAKE BAIKAL  

Rodionova E.V., Pomazkina G.V., Makarevich O.Yu.  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

rodionova@lin.irk.ru  

The family Cymbellaceae is one of the numerous families inhabiting the littoral zone of Lake Baikal. It is 
represented by 74 species, variants and forms. Taxonomy of this family has been recently revised (Kociolek J. 
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P. & Stoermer E. F., Systematic Botany, 1987, pp. 451-459; Kociolek J. P. & Stoermer E. F., Journal of 
Phycology, 1988, pp. 377-385; Round F.E. et al., Cambridge University Press, 1990, pp. m1-747; Krammer K., 
Bibliotheca Diatomologica, 1997, pp. 37, 469; Krammer K., Diatoms of Europe, 2003, 530 p.).  

Seven genera were found in Lake Baikal: Cymbella includes 27 species, variants and forms; Encyonema 
and Cymbopleura – 18 and 17, respectively; Placoneis – 10; Delicata, Encyonopsis, and Gomphocymbellopsis 
contains one taxon each.  

Two novel species of the genus Cymbella and one species of the genus Encyonema were identified with 
electron microscopy. Characteristics and differentiation of these taxa were described on the basis of 28 
morphological features from which 16 features were constant and 6 slightly variable. Stable features within the 
family are a frustule shape, axial and medium areas, types and structure of striae in the middle and on the 
ending of the valve, external apertures of pores in a stria, as well as peculiarities of a raphe, its terminal and 
proximal endings, location of polar nodules, a number of stigmata on the abdominal and dorsal sides of the 
valve. Dorsal and ventral parts, form and type of the valve endings, location of the raphe and peculiar features 
of its branches are less conservative but important in species diagnosis.  

Cymbella sp. 1 (Fig. 1: 1, 1 , 1b). 30-60 µm long, 8-14 µm wide, 10-12 striae on the dorsal side in 10 µm 
, 9-11 – on the ventral side and 13 striae on the endings in 10 µm. It differs from Encyonopsis aequalis (W. 
Smith) Krammer in the presence of apical pore fields, larger sizes and more sparse striae. 

Encyonema sp. (Fig. 1:2, 2a, 2b). 15-30 µm long, 4-9 µm wide, 15-21 striae in 10 µm. It differs from E. 
prostratum (Berkley) Kütz. and E. lacustris (Agardh) Krammer in smaller sizes, frustule shape, closer and more 
delicate striae consisting of one row of frequently located pores. The raphe branches are slightly curved 
towards the dorsal ending of the valve, the medium field is not distinguished.  

Cymbella sp. 2 (Fig. 1: 3, 3 , 3b). 34-49 µm long, 11-16 striae on the dorsal side, 10-13 striae on the 
abdominal side, and 21-29 striae – on the endings. It differs from C. helvetica Kütz. in the presence of apical 
pore fields on the endings of the valve, smaller sizes and narrower valves. Terminal fissures of the raphe are 
curved towards the dorsal part of the valve. Axial area is slightly distinguished. The number of striae and 
lineollas is more frequent compared to C. helvetica Kütz.  

Each representative of the family has its own eco-geographic characteristics in the littoral part of the lake. 
The majority of species in Lake Baikal are oligosaprobic (30%) which is an indicator of water quality in the lake. 

The work was supported by RAS Presidium Programme “Biodiversity”, Project No. 26.12. 

 
Fig. 1. Novel species of the family Cymbellaceae. SEM. 1, 1 , 1b -  Cymbella sp. 1; 2, 2 , 2b - Encyonema sp.; 3, 3 , 3b -  
Cymbella sp. 2. Scalebar: 1, 2, 3 - 10 µm; , 1b, 2a, 2b, 3a, 3b – 1 µm (   Cymbellaceae. . 1, 

, 1b -  Cymbella sp. 1; 2, 2 , 2b - Encyonema sp.; 3, 3 , 3b -  Cymbella sp. 2. : 1, 2, 3, - 10 ; , 1b, 2a, 2b, 
3a, 3b – 1 ). 

 CYMBELLACEAE (BACILLARIOPHYTA) .  
. ., . ., . .  

, 3, . ,  664033,  

 Cymbellaceae . .    
74 , .  

 (Kociolek J. P. & Stoermer E. F., Systematic Botany, 1987, pp. 451-459; Kociolek J. P. & 
Stoermer E. F., Journal of Phycology, 1988, pp. 377-385; Round F.E. et al., Cambridge University Press, 1990, 
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pp. m1-747; Krammer K., Bibliotheca Diatomologica, 1997, pp. 37, 469; Krammer K., Diatoms of Europe, 2003, 
530 p.). 

 7 : Cymbella  27 , ; Encyonema 
 Cymbopleura - 18  17 ; Placoneis – 10; Delicata, Encyonopsis, Gomphocymbellopsis 

.  
 Cymbella  

 Encyonema.  28 
:  16  6 .  

, ,  
, , ,  

  , , ,  
. , e  

, ,  
.  

Cymbella sp. 1 (fig. 1: 1, 1 , 1b).  30-60 ,  8-14 ,  
 10-12  10 ,  9-11,  13  10 .  Encyonopsis 

aequalis (W. Smith) Krammer ,  
. 

Encyonema sp. (fig. 1: 2, 2 , 2b).  15-30 ,  4-9 ,  15-21  10 . 
 E. prostratum (Berkley) Kütz.  E. lacustris (Agardh) Krammer ,  

, ,  
. , . 

Cymbella sp. 2 (fig. 1: 3, 3 , 3b).  34-49 ,  8-13 ,  
11-16,  10-13,  21-29.  C. helvetica Kütz.  

,   .  
.  

 C. helvetica Kütz.  
 

.  -  (30%),  
. 

 « »,  26.12. 

A PROTOCOL FOR OBTAINING AN AXENIC CULTURE OF THE DIATOM SYNEDRA ACUS SUBSP. 
RADIANS FROM LAKE BAIKAL 

Shishlyannikov S.M., Zakharova Yu.R., Volokitina N.A., Mikhailov I.S., 
Petrova D.P., Likhoshway Ye.V., Grachev M.A. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

Obtaining of axenic cultures is necessary because these organisms have become an object of molecular-
ecological and full-genome studies, and are a promising class of producers of biologically active compounds. 
Cultures of diatoms obtained directly from natural populations are usually contaminated by bacteria. A few 
different protocols have been used to obtain axenic cultures from such contaminated cultures. The present 
paper proposes a protocol to obtain an axenic culture of a freshwater diatom Synedra acus subsp. radians 
isolated from Lake Baikal after a few passages in laboratory cultures. The protocol includes filtration to remove 
small-size free bacteria, treatment with a detergent Triton X-100 to remove bacteria associated with the 
frustules of diatoms, and treatment by a suitable antibiotic. This antibiotic was selected by disk-diffusion method 
and was used at a concentration of 5µg/mL which is not toxic for diatoms. The antibiotic chosen was 
ciprofloxacin. Treatment by the antibiotic was followed by filtration and obtaining of monoclonal diatoms. The 
clones were axenic as suggested by microscopy following DAPI staining and by polymerase chain reaction – all 
the clones gave gene fragments of cellular organelles of S. acus subsp. radians after amplification with 
universal primers for 16S rRNA.  
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STRUCTURE AND ELEMENT COMPOSITION OF MANDIBLE IN ENDEMIC AMPHIPODS (CRUSTACEA, 
AMPHIPODA) FROM LAKE BAIKAL BY THE DATA OF ELECTRON MICROSCOPY AND ELECTRON 

MICROPROBE ANALYSIS 
Tauson V.L., Belozerova O.Yu., Mekhanikova I.V.*, Mikhlin Yu.L.**, Akimov V.V., Kargin V.F.**,  

Mazurova E.V.**, Lipko S.V., Likhoshway Ye.V.* 
Institute of Geochemistry SB RAS, 1a, Favorsky st., Irkutsk 664033, Russia 

*Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
**Institute of Chemistry and Chemical Technology SB RAS, 42, K. Marx st., Krasnoyarsk 660049, Russia 

vltauson@igc.irk.ru, *yel@lin.irk.ru, **yumikh@icct.ru 

Methods of electron microscopy (EM), scanning probe microscopy (SPM), and electron microprobe analysis 
(EMPA) are used to study structure and chemical composition of mandibles in three species of amphipods: 
Acanthogammarus grewingkii (Dyb.), Brandtia latissima lata (Dyb.), and Ommatogammarus albinus (Dyb.) with 
different life style, habitat, and diet (Mekhanikova, 2010). A Superprobe JXA-8200 (JEOL, Japan) instrument in 
both wavelength-dispersive and energy-dispersive modes was applied for EMPA, and a Hitachi TM 1000 
instrument with energy-dispersive spectrometer for EM analysis. The element composition of the cuticle of the 
pereon segment 1 was studied for comparison. 

The mandibles of these species have a layered structure observed in the cut section. Various species 
have diverse thickness and density of layers. Unlike marine calanoid copepods (Miller, 1990), Baikal 
amphipods have no opal teeth (crowns). The results obtained show a non-uniform element distribution both in 
the surface of samples and in the cross-sections. The matrix is mainly composed of organic constituents with 
high contents of C, N, and O, and biophilous macroelements Ca and P. The lower contents are found for F, I, 
Cl, Na, Mg, Al, K, and S. Bromine is sporadically fixed in the outer layer. The EM study of the surface of A. 
grewingkii shows a higher content of silicon in mandibles in comparison to the cuticle of the pereon and lower 
content of calcium although Ca is a prevailing constituent of the samples. On average, calcium contents exceed 
those of Si from 2 to 8 times in mandibles and 20–60 times in cuticle of the pereon. 

The elevated Si content is observed at the outer layers of the mandible (as compared to the cuticle of the 
pereon and the inner layers of mandible). Nevertheless, the amphipod species studied do not reveal 
silicification of teeth of incisor and lacinia mobilis of the mandible. In contrast to marine copepods, the 
hardening of the mandible is likely to depend on sclerotization of the organic matrix and high concentrations of 
tanning agents rather than the presence of Si and Ca. 

The work was supported by Integration Project of SB RAS No. 95 (Study of co-adaptation in the system “producer-
consumer” on the example of diatoms and their consumers in freshwater ecosystems). 
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DOMINANT SPECIES OF DIATOMS IN MIOCENE SEDIMENTS OF THE VITIM PLATEAU (ZABAIKALYE) 

Usoltseva M.V., Dubrovina Yu.F., Vorobyeva S.S., Rasskazov S.V.* 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

*Institute of the Earth’s Crust SB RAS, 128, Lermontov st., Irkutsk 664033, Russia 
marinaus @lin.irk.ru 

Fine structure of frustules was studied with scanning electron microscopy (SEM) in dominant species of 
diatoms of the genera Aulacoseira Thw., Actinocyclus Ehrenb., and Tetracyclus Ehrenb.. Their stratigraphic 
distribution was estimated in the key core 7236 drilled in the eastern part of the Vitim Plateau by the Baikal 
Branch of “Sosnovgeology”. The total thickness of the cross-section was 123 m (depth interval of 126-249 m). 
The core contained lacustrine deposits with three layers of basalts. Basalt layers in the sediment part of the 
cross-section were dated with K-Ar method. The age of the basalt layer from the middle part of the section 
made up 12.6 ± 0.8 million years. This corresponds to the boundary between the Middle and Upper Miocene.  

The genus Aulacoseira was represented in the sediments by extinct species (A. anadensis (Hustedt) 
Simonsen, A. spiralis (Ehrenberg) Houk et Klee and A. jonensis (Grunow) Houk et Klee) and common species  
(A. valida (Grunow) Krammer, A. italica, A. ambigua (Grunow) Simonsen, A. granulat  (Ehrenberg) Simonsen, 
A. aff. pusilla (F. Meister) Tuji et Houk  and A. distans (Ehrenberg) Simonsen). A. spiralis and A. jonensis were 
for the first time detected in the flora of this region. Fine structure of frustules in A. valida, A. granulat  and A. 
italica has not changed since the Miocene. 

The genus Actinocyclus in the core was represented by the two known widely spread species Ac. 
gorbunovii, Ac. krasskei and two new species for science Ac. vitimicus Usoltseva et Khursevich sp. nov., Ac. 
intermedius Usoltseva et Khursevich sp. nov. (Usoltseva M.V., et al., Plant Ecology and Evolution, in press). All 
species of this genus were extinct. 

The genus Tetracyclus was represented by T. glans (Ehr.) Mills, T. ellipticus (Ehr.) Grunow and T. arceli 
Williams, Khursevich & Flower. Compared to earlier studies (Chernyaeva G.P. et al., Geology and geophysics, 
2007, pp. 460-471), we have not detected T. celatom Okuno, T. emarginatus (Ehr.) W. Sm., and T. floriformis 
Tsher. However, the species T. arceli described from the Upper Miocene deposits of Lake Baikal (Williams 
D.M. et al., Proc.of the 18th Inter. Diatom Sympos., 2004, pp. 465-478) was for the first time mentioned in the 
flora of this region. 

The highest diversity of species was observed in the middle part of the core (depth interval of 199-68 m) 
where short-term appearance of new species Ac. Vitimicus and Ac. Intermedius and the first appearance of the 
species-index Ac. gorbunovii were recorded. The appearance of the latter was detected at a depth of 174 m on 
the boundary of transition from the Middle to Late Miocene. This agrees with the K-Ar dating. It is likely that 
significant changes took place in living conditions at the time corresponding to sedimentation in the upper part 
of the thickness. The evidence of it is the replacement of dominant species of the genera and disappearance of 
curved forms of Aulacoseira.  

The data obtained extend knowledge on diversity of diatoms from the Miocene and may be useful in the 
future for construction of the zonal stratigraphic scale of Zabaikalye.  

The work was supported by SB RAS and FEB RAS Integration Projects, Nos. 5 and 09-II-SO-08-001.  
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THE SILICEOUS CROWNS OF MANDIBLES OF THE EPISCHURA SPECIES (COPEPODA, ALANOIDA) 
Zaidykov I.Yu., Naumova E.Yu. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
lena@lin.irk.ru 

Earlier we had examined the general structure of mandibles of adult individuals of four species of the Epischura 
family with a scanning electronic microscopy (SEM) (Naumova, Melnik, 2005). The purpose of this work was to 
investigate the features of a structure and a chemical compound of the cutting edge mandibles of . lacustris, 

. chankensis, . nevadensis and . baicalensis. 
The procedure of mandible preparation is more simplified: after washing the fixator off the prepared 

mandibles are thermostat dried at 40°C for 24 hours and subsequently gold shadowed. Photos and the 
semiquantitative chemical analysis of samples have been received on SAM QUANTA 200 FEI with a prefix for 
the wave microanalysis of EDAX. In the description of a cutting edge of mandibles we were guided by terms 
accepted by Beklemishev K.V. (1954). 

The cutting edge of mandibles of E. chankensis has the primitively arranged central teeth (narrow, single-
cusp). The remaining Epischura species have two- and three-cusp teeth of a different degree of pointedness. 
The central teeth of various individuals of . baicalensis had a varied pointedness. We assume that they are 
transformed to a similarity of chewing-like surfaces in the process of a feeding. 

The mandibles of all investigated species bear the single-cusp crowns on the first ventral tooth. The 
crowns of . lacustris and of . nevadensis are well expressed and appreciable, that, most likely, is connected 
with their thickness. The . chankensis and . baicalensis crowns are less appreciable. The first ventral tooth 
of . chankensis differs from the correct conic form, unlike other species. 

In a chemical compound of crowns of . nevadensis, . chankensis and . baicalensis contains silica. 
According to the semiquantitative analysis its maximum content for . baicalensis is 39 %, for . chankensis 

13 %, for . nevadensis 29 % of the general content.  
We have found out two kinds of mandible samples of . baicalensis - with the expressed sharp crowns, 

and without them. Presumably, crowns are lost in the course of a feeding, on their place we find out a chitinous 
tooth with the channel on the top on which occur the siliceous excretion. 
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The crowns of . lacustris do not contain some silica and have a long hook-like outgrowth on the top. We 
assume, such outgrowth is a consequence of the silica absence in the crown and that makes its elastic one. 
Other investigated species have the sharp damages of crowns that testify to their fragility owing to the high 
silica content. 

We think, that these differences of the mandible crown content between species of the Epischura family 
is connected with their food, but we do not exclude also the biochemical features of species at the genetic level. 

Work is supported by the integration grant of the Siberian Branch of the Russian Academy of Science  95. 
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4. MICROORGANISMS: DISTRIBUTION AND SYMBIOTIC RELATIONS IN AQUATIC ECOSYSTEMS. 
:  

. 

 
STRUCTURE AND FUNCTIONAL ACTIVITY OF MICROBIAL COMMUNITIES  

IN HYDROTHERMS OF BAIKAL RIFT ZONE 
Barkhutova D.D., Danilova E.V., Zaitseva S.V., Namsaraev B.B. 

Institute of General and Experimental Biology SB RAS, 6, Sakhyanovoi St., Ulan-Ude 670047, Russia 
darima_bar@mail.ru 

The work purpose is research of structure and functional activity of microbial communities in hydrotherms 
Baikal rift zone depending on physical and chemical conditions. 
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Activity of microbial community of thermal springs depends on delivery biogenic elements and substrata 
for biochemical reactions with underground waters and from environmental factors, such as temperature, 
chemical compound of waters and breeds. 

High temperature, alkaline values and presence of sulfides create special conditions for extremophiles 
existence. 

Activity of thermal springs microorganisms depends on environmental conditions. The temperature is the 
main environmental factor rendering defining influence on distribution and functional activity of microorganisms. 
The water temperature reaching 25-75  in output, lake and streams is favorable for thermophiles 
development. Consecutive development of mesophilic microorganisms is observed by temperature decrease in 
stream. The degree of illumination defines activity of various groups of producers. On the shined sites in 
hydrotherms oxygenic cyanobacteria and anoxigenic photobacteria play a dominant role in production of 
organic matter, in the blacked out conditions a variety of chemolithotrophic microorganisms (which use 
inorganic energy sources) become more active. Values  define the development of alkaliphilic and 
neutrophilic microbial communities. Low concentration of oxygen in high-temperature and sulfide waters 
creates conditions for anaerobic microorganisms development. For functioning aerobic types favorably high 
content of oxygen in water at low temperatures. Hydrogen sulfide is a product of sulfat-redusing bacteria 
activity and connects the dissolved oxygen. Functional activity of aerobic and anaerobic groups of 
microorganisms is influenced by oxidation-reduction potential which values depends on oxygen, sulfide and 
iron concentrations. 

Active functioning of microbial community is revealed in area of outputs of thermal waters and streams. 
In favorable conditions such as illumination, relative high temperature and constant delivery of biogenic 
elements, microbial mats formation is observed. Filamentous cyanobacteria belonging to the genus 
Phormidium are colony-forming and dominate in cyanobacterial mats. 

Cyanobacteria belonging to the genus Anabaena are abundant and dominant in conditions with the 
moderate temperature and absence of the sulfide dissolved in water. Cyanobacteria belonging to the genus 
Synechococcus are codominant at elevated temperature. Anoxygenic mat with domination Chloroflexus 
aurantiacus has been detected by us only in Alla spring. 

The purple mat is observed in Kuchiger, Umhey and Urinskiy springs. In purple mats Ectothiorhodospira, 
Allochromatium, Thiocapsa, Rhodovulum prevail. Cyanobacteria also meet in purple mat. Sulfuric were found in 
slightly alkaline sites of hot streams in hydrotherm Alla, Kuchiger, Umhey and Zmeinaya with high sulfide 
concentration. Colorless sulfur bacteria belonging to the genus Thiothrix, Beggiatoa, Thiophisa and sulfur-
oxidation bacteria belonging to the genus Thiobacillus are structure forming types in these sulfuric mats. 
Increase of stability hydrosulfide-ion at alkaline reaction of environment may be the reason for absence of mass 
development of thermophilic sulfur bacteria at temperature 70º . 

In Baikal rift zone hydrotherms inverse relationship between the top temperature limit of distribution 
microbial mats and a content of sulfide in springs is revealed. When sulfide concentration high than below the 
maximal temperature of microbial mats distribution. 

Cyanobacteria Phormidium spp. and Anabaena spp. dominate over wide range environmental 
conditions, being more tolerant to high values of .  

Photosynthesis microbial communities of hot springs possess high efficiency. During oxygenic 
photosynthesis it is synthesized up to 3.5 g /(m2 in a day), anoxygenic photosynthesis – up to 5.5 g /(m2 in a 
day). High values of anoxygenic photosynthesis speed in cyanobacterial mats may be explained by switching of 
cyanobacteria in anoxygenic photosynthesis. The maximal speed of makes fixings 12.1 g /(m2 in a day). 
Maximal total production reaches 21 g /(m2 in a day). The optimum of production processes is in temperature 
range 45-50º . 

According to the isotope analysis of microbial mats carbon producers of alkaline hydrotherms 
cyanobacterial mats use atmospheric and volcanogenic carbon acid.  

Processes of terminal destruction in hydrotherms also possess high intensity. The maximal value of 
sulfate reduction reaches 5.5 g S/(m2 ·a day). Methanogenesis speed is low (up to 1.5 mg  / (m2 ·a day). 
Accordingly, more organic substance spent through process of sulfate reduction for 2-3 orders than 
methanogenesis. That is caused by a high content of sulfate in thermal waters. High intensity of sulfate 
reduction favors to the vigorous activity of microorganisms of a sulfur cycle even in absence in water of the 
dissolved sulfide. Anoxygenic phototrophic bacteria participating in the given cycle numbers up to 107 ml-1 were 
found in alkaline springs microbial mats. 

Thus, thermophilic microbial communities distributed in Baikal rift zone hydrotherms differ high autonomy 
and close cooperative communications. Oxygenic and anoxygenic and chemolithotrophic bacteria of water 
thickness, ground deposits and microbial mats synthesizes organic substance. High- and low-molecular organic 
substances are used in multistage process of aerobic and anaerobic destruction. Extremely high cyanobacterial 
numbers and heterotrophic bacterial numbers were found. Hydrolytic bacteria which participate in 
decomposition of fiber, cellulose and starch numbers up to 106 ml-1 were found. At terminal stages of 
destruction the most part of organic substance is used for restoration of sulfates. 
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DETERMINATION OF THE TARGET GROUPS OF MICROORGANISMS DOMINATED IN WATER AND 
BIOFILMS ON ARTIFICIAL SUBSTRATE IN NATURAL EXPERIMENT  

Belkova N.L.*,**, Dolgikh N.V.** 
*Limnological Institute SD RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

**Irkutsk State University, 1, K. Marksa St., Irkutsk 664000, Russia 
belkova@lin.irk.ru  

Biofilms are well-organized, cooperated community of microorganisms wide spread in natural environments. 
They are formed in streamway, and at the interface phases. At the present it is considered that 99% of bacteria 
exist in natural ecosystems not in the form of single cells, but specifically organized attached to any substrates 
biofilms, and 5 to 35% of biofilms biomass fall on microorganisms. Intercellular matrix of biofilms consisted from 
exopolysaccharides of different type that depended on structure of microbial community participating in biofilms 
construction. Evidently that growth in community is more advantageous to microorganisms ecologically then 
survival in single cell stage. Environmental advantages of bacterial existence in biofilms consist in facility 
access of nutrition and cooperation of organisms as well as in cell protection from negative impact of 
environments. Investigation and understanding of fundamental ecological mechanisms of biofilm functioning 
allow to develop new strategies of their management and control.  

The main aim of the present study consisted in the target groups’ determination those are dominated in 
biofilms grown on artificial substrate in natural experiment. Steal plate exposed in littoral area of Lake Baikal 
(Beresovuj Cape) during five years were used for the work. Biological material was collected from the both 
sides: upper side that contacted with water and lower side that contacted with bottom sediments. Additionally 
nearbottom water was filtered on bacterial filter (SterivexTM-GV, pore size 0.22 um, Millipore). Bacterial cells 
were destroyed in lysis buffer, total DNA was extracted with sorbents. Primers specific on different bacterial 
taxons and allowed to determine spectrum of dominated phylotypes were used in amplification.  

Full spectrum of microorganisms included different groups of Archaea, Eubacteria and Eukaryote is 
determined in nearbottom water of littoral zone of Lake Baikal. In the biofilms on steal substrate Archaea were 
not detected, Firmicutes were presented in low content, whereas cyanobacteria, proteobacteria and cytophaga 
were dominated. Usage of different sorbents allowed receiving DNA fraction with high content of specific group 
of microorganisms. The main interest for future work except cyanobacteria forming on the steal surface well 
identified colonies; appear to be representatives of phyla alphaproteobacteria and cytophaga-flavobacteria. It 
should be noted that at the present in microbial ecology the search on criteria for bacterial taxonomy is going 
on, and it becomes apparently that identification of some phylogenetic groups is more deep than due to 
ribosomal gene analysis. So complex analysis of genetic diversity of target groups of microorganisms in 
different microbial communities allow to estimate factors that determined diversity and criteria on diversity 
evaluation.  

This work was done according to project VI.51.1.9 and under financial support of grants RFBR 09-04-00977 and 
integrated project 122.  
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STRUCTURE AND DIVERSITY OF MICROBIAL COMMUNITIES FROM  
FRESHWATER OLIGOTROPHIC ECOSYSTEMS 

Belkova N.L.*,**, Matyugina E.B.*** 
*Limnological Institute SD RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

**Irkutsk State University, 1, K. Marksa St., Irkutsk 664000, Russia 
***Institute for natural Resources, ecology and kryology SD RAS, 26, Butina St., Chita 672000, Russia 

belkova@lin.irk.ru  

Nowadays investigation of functioning of freshwater ecosystems is one of the first priority scientific problems 
due to more than half of the population of the earth used for drinking water of low quality and standards. 
Microbial communities are one of the main important components of the living organisms of water reservoirs. 
They play important role in the cycles of mater and energy as well as in food webs of pelagic organisms. 
Microorganisms are forming stable communities in natural conditions those could be surviving for a long time. 
Stable community has no internal reasons for interruption it’s functioning, while during development it has 
different stage succession. One of the conditions for this stability is restraint of biogenic element cycles. 
Relevance of the present research consists in the investigation of the fundamental problem of the microbial 
ecology. How are the structure and diversity of microbial populations formed in extreme environments such as 
oligotrophic freshwater ecosystems, the main peculiarity of which is predominance of uncultivable forms of 
microorganisms? The main task of the present study is diversity, structure and physiological state of the 
microorganisms in different freshwater ecosystems. Water samples were collected by filtration from lakes 
Baikal, Arakhlej, high mountains Lakes of Sayan Mountains, and cold seep in National Park Alkhanaj. 
Cultivation of uncultivable forms was done by filtration-acclimatization method. For the first time new method for 
selective inactivation of extracellular DNA was used for natural samples treatment. Group-specific PCR with 
agarose-gel analysis as well as real-time PCR were used to find differences in the composition of main 
phylogenetic groups in microbial communities. We determined main target groups of different taxons for 
quantification of composition and structure of freshwater microbial communities. They are Alphaproteobacteria, 
Betaproteobacteria, Planctomycetes, Cyanobacteria and Cytophaga. We found differences between freshwater 
reservoirs with different origin and temperature annual regime. We revealed predominance of Planctomycetes 
and Cyanobacteria in Baikalian and cold-seep waters, respectively. Low content of Betaproteobacteria 
differentiate these waters from the water of other cold freshwater ecosystems (ex. Water of high mountain lakes 
and lateral zone of Lake Baikal). Moleculer identification was done for dominant types. Accurately 27 
representatives of genera of Proteobacteria, Firmicutes, Flavobacteria and Actinobacteria were identified. 
Among heterotrophic microorganisms for the first time were identified the following genera: Actinotelluria, 
Arsenicicoccus and Kaistobacter (Lake Baikal), Agreia (high mountain lake Pereval’noe), Duganella (cold seep, 
Alkhanay), Aranicola and Massilia (Lake Arakhlej), Janthinobacterium (high mountain Lake Chernoe, cold seep, 
Alkhanaj and Lake Arakhlej).  

This work was supported by grant RFBR 09-04-00977 and integrated project SD 122. 
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DETECTION OF TOXIC MICROCYSTIS AND ANABAENA SPECIES IN LAKE KOTOKEL 
(BAIKAL LAKE REGION)  

Belykh O.I., Sorokovikova E.G., Fedorova G.A., Kaluzhnaya Ok.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

belykh@lin.irk.ru 

The occurrence of cyanobacterial toxins – microcystins (MC) is reported in many freshwater bodies worldwide. 
MCs are cyclic heptapeptides produced by some planktonic cyanobacteria belonging to Anabaena and 
Microcystis genera. Microcystis and Anabaena blooms occur widely in the temperate regions of the world. 
Toxicity of MC is determined by their active transport to the liver cells followed by the inhibition of the eukaryotic 
serine/threonine phosphatase. Over 70 MC variants have been characterized up to this date. Many countries of 
the world carry out monitoring of highly toxic MC-LR containing leucine and arginine as variable L-amino acids. 
The concentration of MC–LR in drinking water as prescribed by the WHO is 1 µg L-1. MC-RR- (arginine-
arginine) and MC-YR- (tyrosine-arginine) variants are less toxic. MCs are synthesized nonribosomally by 
microcystin synthetase complex is encoded by a 55 kb long gene cluster containing 10 genes (mcyA–J). 
Identification of a gene locus mcy responsible for the MC biosynthesis in genera Microcystis, Planktothtix and 
Anabaena made it possible to develop specific markers for the detection of toxigenic species. 
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Lake Kotokel is situated two kilometres to the east from Lake Baikal. It is of great importance for 
commercial fishery and recreation. In summer 2008, mass mortality of fishes and animals were registered in 
and around the lake, as well as were recorded 16 cases of human poisoning caused by eating bream fished in 
the lake. Everybody of poisoned victims had symptoms of the Haff disease (alimentary toxic paroxysmal 
myoglobinuria). Its etiology has been studied insufficiently; one of the possible causes is cyanobacteria 
bioactive substances. Plankton samples were collected in August 2009 in coastal and pelagic waters.  

Data on nutrients and chlorophyll concentrations showed that this lake was eutrophic. Water surface 
temperature was 23° , transparency by Secchi disk was 0.7 m. Twenty-five species of planktonic 
cyanobacteria were detected in pelagic samples, 12 of them were dominant species (their abundance was 
higher than 50 thous. cell L-1): Aphanocapsa holsatica, A. incerta, A. delicatissima, Snowella rosea, Romeria 
sp., Microcystis viridis, M. aeruginosa, Pseudanabaena voronichinii, Coelosphaerium kuetzingianum, 
Aphanocapsa conferta, Planktolyngbya contorta, and Chroococcus limneticus. In the net samples, we identified 
Microcystis wesenbergii, Anabaena lemmermannii, A. scheremetievi, A. circinalis, and A. spiroides.  Thus,  in  
Lake Kotokelskoe cyanobacteria complex of species is developed, which is typical of the shallow well-warmed 
eutrophic lakes.  

Toxigenic cyanobacteria of genera Microcystis and Anabaena were detected in the lake. The presence of 
toxigenic Microcystis spp. and Anabaena lemmermannii was demonstrated by sequencing of PCR products 
using primers to the aminotransferase domain of mcyE gene. We detected MC-LR, MC-RR, MC-YR toxins by 
liquid chromatography with UV detection and mass spectrometry by their retention times and spectra. The ratio 
of microcystin-RR, -LR and -YR found in Lake Kotokel is 49:42.5:8.5. Intra-cellular microcystin concentration in 
the lake phytoplankton is 58 µg g-1 DW. The presence of toxic cyanobacteria in the lake can pose a serious 
threat to the humans living in the Baikal region. Taking into account the recreational importance of Lake 
Kotokel, cases of mass poisoning of people and animals occurring in this area, as well as the connection with 
Lake Baikal, it is necessary to perform regular assessment of toxic cyanobacteria in this water body.  

SANITARY AND MICROBIOLOGICAL STATE OF COASTAL WATERS ON THE PRIMORYE AND 
SOURCES OF THEIR POLLUTION  

Buzoleva L.S. 
Far-Eastern Federal University, Vladivostok, 8, Sukhanova St., Vladivostok 690950, Russia  

Constant control should be performed of concentration of contaminants and changes of the main parameters of 
the environment caused by anthropogenic effect as the coastal area of the sea is a place for concentration of 
man activity and large amount of its sewage and effluents inflow into the sea. Coastal waters of Primorye that 
are actively used in domestic and economic needs by the population of the near-shore districts are highly 
polluted by all kinds of contaminants (oil hydrocarbons, phenols, heavy metals, etc.). Increasing anthropogenic 
load on the sea environment causes considerable changes in the coastal water areas which absorb a large 
amount of contaminants. In particular, active use of coastal zones as recreational areas promotes the 
emergence of a large number of sanitary-representative microorganisms which affect not only microbial 
communities of the sea microflora but also they are dangerous for human health. These areas are 
characterized by high level of pollution by domestic and anthropogenic wastes, and fecal sterols (the latter is 
directly connected with the concentration of people on the shore) (Khristoforova et al., 2002).  

Monitoring studies of 2005-2009 showed that sea water in the beach areas does not correspond to 
sanitary-epidemiological characteristics and does not meet requirements of Sanitary Regulations and Norms, 
No. 4631-88. The highest species diversity of opportunistic pathogenic microorganisms was registered at all 
sites under study in August. The most polluted areas were beaches located in Patrokl Bay and at site Sedanka.  

In search of new recreational zones, the population “develop” new areas of the coast for active holiday 
which is dangerous for still pure coastal areas, in particular for Bay Troitsa located in the south-western part of 
Bay of Peter the Great bordering on the Far East State Marine Biosphere Reserve, Bay Vostok (including the 
Marine Preserve bearing the same name), and Bay Kievka located on the border with the Lazovsky State 
Nature Reserve.  

Microbial indication of surface waters of the three water areas testifies to their pollution by organic 
substances. The purity of these waters may be referred to medium trophic level (mesosaprobic waters). Type of 
pollution depends on the water area. Domestic waste and recreational press are the major contributors to 
pollution of Bay Vostok: high abundance of enterobacteria and presence of sanitary-representative microflora 
(pathogenic and opportunistic pathogenic bacteria) were detected in microbial communities from the study 
waters. Organic pollution of waters in Bay Kievka is of biogenic origin: sanitary-representative microflora is 
absent and there is minimal abundance of enterobacteria in the environment.  

Besides recreation, infected ballast water, which comes from China, is another source of pollution of 
coastal waters. Opportunistic pathogenic and pathogenic microorganisms are the main pollutants of the water 
of Primorye in summer during the release of ballast. Invasive microorganisms possess evident factors of 
pathogenicity.  

Taking into account a positive trend to the increase of the level of uncontrolled recreational load, at 
present there is a real threat to destruction of the ecosystem of the sea coastal areas adjacent to specially 
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protected territories such as Bays Troitsa, Kievka and Vostok. The pollution of these areas may be 
accompanied by deterioration of recreational and sanitary conditions of the coastal zones.  

The work was supported by the American Foundation of Civil Research and Development (grant vl-003-X1; Y1-B-
03-04), by the RF Ministry of Education and Science (grant No. 34067), by ADTP of Development of Scientific Potential of 
Higher School (grant No. 51 41) “Studies of the Role of Sea Microbial Communities to Maintain Sustainability of Coastal 
Ecosystems of the Far East Seas and Studies of Adaptation Mechanisms of Bacteria to Environmental Conditions Based on 
Simulation of Transfer and Transformation of Allochtonous Substance”.  
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BIOLOGICAL COMMUNITY OF BITUMINOUS STRUCTURES FROM THE OIL INGRESS SITE NEAR 
GOREVOY UTYOS CAPE, CENTRAL BAIKAL 

Chernitsyna S. ., Likhoshway .V., Lomakina .V., Pavlova .N., Zemskaya .I., Sitnikova .Ya. 
Limnological Institute of RAS SB, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 

sveta@lin.irk.ru 

While diving at “MIR-1” in 2008-2009, a bituminous structure was found out in the area of natural oil ingresses. 
On the structure surface we found a fungus mycelium the hyphae of which grew deeply into the structure. By 
morphological features, the fungus is related to the genus Pythium: phylum Oomycota, class Oomycetes, order 
Peronosporales. Its cellular mycelium is divided by membranes, cells length was 150-270 mcm, the width was 
6-16 mcm. For the species of the genus Pythium a thin mycelium is characteristic, the sporangiophores differ 
from the hyphae a little, zoosporangia are cylindric, they grow directly on the mycelium as a bubble in which 
just the zoospores are formed. A typical vegetative body is presented by a system of branching tubes (hyphae) 
with apical growth and lateral branching. 

Using transmission electronic microscopy, we found on the fungus slices a high morphological diversity 
of microorganisms. The cells found had different shape (round, elongated, rectangular), their size varied from 
0.56 mcm to 2.8 mcm. Inclusions with diameter of 100-250 nm were observed inside the cells. The presence of 
well manifested intracytoplasmatic membranes inside the cells, triple structure of the cell walls, the presence of 
vesicles (isolated bubbles) and flattened permanent lamellae situated like a “gatefold” suggest the relation of 
the microorganisms studied to methanotrophic bacteria. Their presence is confirmed by data of the analyses of 
nucleotide sequences of the fragments of 16S rRNA gene, representatives of gamma-proteobacteria, order 
Methylococcales, are revealed by this method; their closest homologues are methylobacteria and 
methanotrophs of the first type from different environments. With nutrient media, 5 bacterial strains related to 
the genus Rhodococcus from bituminous structures. 

Moreover, in total DNA from these constructions, we revealed representatives of the following 
phylogenetic groups: Verrucomicrobia, Bacteroidetes, Chloroflexi, Deltaproteobacteria (Desulfocapsa), 
Gammaproteobacteria (Pseudomonas). The closest homologues of Baikalian bacteria associated with the 
fungus from the bituminous structure are revealed from the specimens with an elevated organic matter content. 

In the “coagulates” of fungi and microorganisms on the surface of bituminous structures, settled 
planktonic diatoms and small invertebrates are found. The invertebrates were represented by 2 taxonomic 
groups – nematode worms and seed shrimps. Nematode worm Monhystera naphta described as a novel 
species (Gagarin, Naumova, 2010) was an absolute dominant and, probably, it is obligate for this biotop. 

The authors thank cordially the group of companies “Metropol” for organization of deep-water 
investigations at a deep-water manned apparatus “MIR”. 

The work is supported by Program of Presidium of RAS SB (Project 20.9), Integrative Project of EAS SB No 27 and 
RFBR, grant No 09-04-00781. 
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STUDIES OF EUKARYOTIC MICROFLORA ASSOCIATED WITH THE BAIKAL SPONGES 
Chernogor L.I., Denikina N.N., Belikov S.I. 

Limnological Institute of RAS SB, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 
lchernogor@mail.ru 

Sponges (phylum Porifera) are the oldest of the multicellular animals (Metazoa). They are sessile filter-feeding 
animals and often contain diverse associations of microorganisms. A variety of sponge-microbe associations 
have been described in tropical, temperate and Antarctic regions. These associations involve a diverse range 
of heterotrophic bacteria (including facultative anaerobes), cyanobacteria, unicellular algae, fungi and archaea 
(Wilkinson, 1980; Preston et al., 1996; Holler et al., 2000; Webster et al., 2001, 2004; Taylor et al., 2004). In 
some cases, these microbial communities comprise over 40-60% volume of the sponge and can contribute 
significantly to host metabolism (e.g. due to photosynthesis and nitrogen flux) (Davy et al., 2002; Hentschel et 
al., 2006). Algal symbionts may comprise up to 75% of the cellular tissue of the sponge/algal association 
(Rutzler, 1981; Wilkinson, 1987; Trautman et al., 2000, Trautman et al., 2006). Freshwater sponges can be 
found in association with unicellular green algae, including Chlorella spp.; dinoflagellates of the genus 
Symbiodinium; cryptophytes, including Zoocryptella spp.; and diatoms, including Nitzchia sp. (Trautman et al., 
2006). 

Baikal sponges (family Lubomirskiidae) are a significant component of benthic communities throughout 
the littoral zone with rocky substrata, in terms of both biomass and their potential to influence benthic or pelagic 
processes. Little is known about the microbial diversity associated with Baikal sponges, in spite of the vital role 
microorganisms may play in the lake ecosystem. The bacterial community of Baikal sponges (Lubomirskiidae) 
has been studied previously by cultivation and molecular-genetic methods (Efremova et al., 2002; Parfenova et 
al., 2008; Kaluzhnaya et al., 2009). But studies of the Baikal sponges eucariotic microorganisms association 
only begin. Baikal sponges like other freshwater sponges often contain endosymbiotic microalgae, primarily so-
called zoochlorellae. Symbioses between Baikal sponges and microalgae are very diverse; in fact, sponges 
form symbioses with more species of dinoflagellates of the genus Gymnodinium (Annenkova et al., 2008; 
Muller et al., 2009) and green algae of the order Clorococcales (Chernogor et al., 2009, 2010). The aim of the 
given work studies of eukaryotic microflora associated with the Baikal sponges.  

. Object of research were Baikal sponges Lubomirskia baicalensis and 
Baikalospongia bacillifera. 

The diversity of eukaryotic microorganisms is revealed associated with Baikal sponges L. baicalensis and 
B. bacillifera, by including NS3-NS6 fragment 18S rRNA gene-based phylogenetic analyses (White, 1990) and  

light, electron microscopy. Molecular methods have revealed diversity of the dinoflagellates and green algae in 
L. baicalensis and B. bacillifera. Distinct eukaryotic microorganisms communities were found to inhabit the 
adult, primmorphs and larvae L. baicalensis and endosome and cortex B. bacillifera. So, larvae L. baicalensis 
not contain dinoflagellates, endosome B. bacillifera not contain green algae. The approximate local distribution 
(proportion of sponges, dinoflagellates and green algae 18S rRNA genes copies) was estimated by real time 
PCR technique. The results of microscopic investigations show that eukaryotic symbionts may inhabit almost all 
cell types of the sponges or primmorphs, including the sclerocytes which secrete the siliceous spicules. Thus, 
for the first time the received results will allow to expand representations about symbiotic mutual relations in 
organisms of freshwater Baikal sponges. 
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PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF AEROMONAS SALMONICIDA STRAIN, 
ISOLATED FROM THE SPAWNING PINK SALMON OF SOUTHERN SAKHALIN ISLAND 

Galanina E.V., Polteva A.V.  
Sakhalin Research Institute of Fisheries and Oceanography, 196, Komsomolskaya St.,  

Yuzhno-Sakhalinsk 693023, Russia 
galanina@sakhniro.ru 

In autumn 2009, when studying the epizootic situation at Sakhalin spawning rivers, furunculosis was recorded 
for pink salmon from the southern part of the island. Fish had the clearly expressed clinical signs of this 
disease: furuncles on body, exophthalmos and hyperemia of blood vessels on skin covers. The microbiological 
analysis showed that the disease was caused by bacteria of the Aeromonas salmonicida species (genus 
Aeromonas, family Vibrionaceae). 

The cases of furunculosis, when the Aeromonas salmonicid  microorganisms are isolated from the 
infected fish as a pathogen, currently have been recorded in Spain, Denmark, Japan, Korea, USA, Russia and 
other countries for freshwater (whitefish, tench, carp, pike, ruffe)  and sea (herring, cod, halibut and others) fish. 
This proves a wide distribution of microorganisms of Aeromonas salmonicid  both in marine and freshwater 
ecosystems (Tetsuichi Nomura et al., 1993; Karl Pedersen et. al., 1994; Bowden, T.J. et. al., 1999; Juhani 
Pirhonen et. al., 2002; Shkurina, 2004). Most of all, the artificially cultivated fishes (char, brook and rainbow 
trout) and also all species of salmonids from the natural water bodies are exposed to furunculosis. 

A strain isolated from the furunculosis-infected Sakhalin pink salmon had 99% of similarity on the gene 
16S pRNA with the cultivated Aeromonas salmonicida GQ 266405, isolated from Atlantic salmon, which inhabit 
freshwaters of Chile; this may prove the unity of origin of this microorganism species.  

The microbiological analysis of Sakhalin strain showed that its morphological characteristics did not differ 
from those described for Aeromonas salmonicida subsp. salmonicida in the “Bergey's Manual of…” (1997), and 
its biochemical activity had some peculiarities. Thus, in the second day of growing a pure culture produced 
actively a red-brown water soluble pigment on fish-peptone agar, not oxidized the arabinose and mannose, 
evolved gas at glycerin oxidation, and oxidized and fermented saccharose. Earlier the ability to ferment 
saccharose was reported as a physiological peculiarity of Sakhalin strains of Aeromonas salmonicida, isolated 
from the furunculosis-infected salmon (Yukhimenko et al., 1984).   
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The literary sources inform that a lot of species of aboriginal microbe community of the water ecosystem 
and microorganisms isolated from the internal organs of salmonids, mainly from digestive tract, have a high 
antagonistic activity as regards to Aeromonas salmonicida bacteria. The water microorganisms make it difficult 
to isolate a pathogen. This is also the reason why a pathogen could not always be isolated from water, where 
the infected fish occur (Yukhimenko, 1984; Lone Gram et al., 2006; José Luis Balcázar et al., 2006). 

The Sakhalin strain of Aeromonas salmonicida, isolated from the furunculosis-infected pink salmon did 
not have the analogous low antagonistic activity. The pure culture of pathogen was actively growing and 
developing on the agar medium in presence of strains of 9 microorganisms, isolated from the internal organs of 
the spawning pink salmon – Pseudomonas fluorescens, Pseudomonas putida, Pseudomonas alcaligenes, 
Hafnia sp., Aeromonas hydrophila, and those from the river water – Pseudomonas fluorescens, Serratia 
marcescens, Flavobacterim sp., Aeromonas hydrophila. 
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The purpose of work is to count the number of bacteria and to measure of microbial processes rates in shallow 
water and sediments of shallow bays (Proval Bay and Posolsky Sor) of Lake Baikal. 

In water of Proval Bay total count of microorganisms was 0.1-3.1 million cells per ml, in sediments – 0.4-
1.4 billion cells per ml. The number of saprophytic bacteria in water varied from 0.07 up to 1.9 million cells per 
ml, in sediments – from 1.5 up to 2.8 million cells per ml. The number of bacteria in water and sediments of 
Posolsky Sor was less than in one of Proval Bay. In the water the significant part of saprophytic bacteria 
consuming the labile organic matter is revealed. Seasonal fluctuations of number both in water and in 
sediments occurred within one order.  

The values of dark fixation of CO2 and photosynthesis were comparable (fluctuations from 0.4 to 1 µg C 
dm-3 d-1). The total count of microorganisms, number of saprophytic and cellulosolytic bacteria did not decrease 
with depth, as well as rates of dark fixation of CO2 and photosynthesis. Number of bacteria in water and 
sediments throughout from coast up to 40 m to water also essentially did not vary. High values of rate of dark 
fixation (0.6-1 µg C dm-3 d-1) are revealed during intensive water flowering. It can be considered as indicator of 
high activity of heterotrophic microbial community of water.  

In water and sediments of studied bays production and destruction of organic matter and their seasonal 
dynamic are measured. In coastal water production and destruction were one order. In Proval Bay production in 
water varied from 0.013 up to 0.21 mg C l-1 d-1, destruction – from 0.013 up to 0.15 mg C l-1 d-1. In September 
the both processes were more intensive. Aerobic destruction and anaerobic destruction in sediments also were 
comparable – aerobic destruction proceeded with a rate of 9.0-644 mg C m-2 d-1, anaerobic destruction – with a 
rate of 29-113 mg C m-2 d-1. The maximal values are registered in August. In Posolsky Sor the average values 
of production and destruction were less than one in Proval Bay. The maximal values of processes in water and 
in sediments of Posolsky Sor also have been registered in September. 

Thus, the rates of production and destruction in water were commensurable; the greatest values have 
been registered in the early-autumn period. In sediments processes of destruction were both aerobic and 
anaerobic, aerobic destruction prevailed in most of measurements. The obtained data allows to saying that 
processes of production and destruction in coast zones of bays are balanced and depend on environment 
conditions.  

This study was supported by grant of RFBR  08-04-98018. 
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Recently, hydrotherms are intensively studied by microbiologists as unique ecosystems, because microbial 
communities are among the most ancient biocoenoses and assumed that they are passed unchanged through 
the history of the Earth. The ancient atmosphere, formed as a result of degassing of the Earth, was similar in 
composition to modern volcanic exhalations, which were largely developed in the mountain systems. It is 
assumed that microorganisms can accelerate the process of mineralization. Currently, it is shown that in areas 
of recent volcanic microorganisms actively involved in the transformations of sulfur, iron and many other 
elements, processed gas component of volcanic exhalations, and in this way they carry a great geochemical 
work.  

Many outplates of cold and thermal mineral waters in the mountain system of the Eastern Sayan located 
along the lines of tectonic faults.  

The formation of minerals in hot springs Hoyto-Gol (Eastern Sayan) is associated with high activity of 
microorganisms and geological geodynamic setting. Transformation of groundwater on the surface of the 
ground has involved prokaryotic-algal complex which formed in the warm stream thick multilayer mats. Studies 
have traced the evolution of the spatial and functional activity of the microbial mat community (Table 1). 
Species diversity of cyano-bacterial and microbial mats of sulfur increases with increasing distance from the 
griffin (Fig. 1). The most active processes of microbial production and destruction occur in the zone of high pH 
and Eh, in the absence of H2S. In alkaline (pH 8.8-9.1) and oxidizing conditions (Eh +154- +194 mV) is an 
intensive process of lithification of microbial mats, which suppresses the production of organic matter and the 
formation of thick bacterial mats. Thin and loose mats are cemented by carbonates and converted into solid 
travertine crusts. These crusts built  ancient travertine structures, forming a large dome in the outplates of 
thermal waters. 
 

 
Fig. 1. Changing the characteristics of microbial mats on the stream by hydrotherm Khoito-Gol (Eastern Sayan) 

 ( )). 
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Table 1. Species diversity  of producers in microbial mats by hydrotherm Khoito-Gol (Eastern Sayan) (  
 ( )) 

Zone, m from the spout Producers 
I 

0-5 
Thiothrix sp.1, Thiothrix sp.2, Oscillatoria tenuis, Phormidium gelatinosum 

II 
5-15 

Thiothrix sp., Beggiatoa sp., Phormidium laminosum,  
Rhodopseudomonas palustris, Oscillatoria sp., Oscillatoria terebriformis, Oscillatoria 
limosa, diatoms 

III 
15-40 

Thiothrix sp., Beggiatoa sp., Thiocapsa  sp., Oscillatoria tenuis,  
Oscillatoria limosa, Anabaena variabilis, Phormidium gelatinosum, Rhodopseudomonas 
palustris,  diatoms 

IV 
40-80 

Phormidium gelatinosum 
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It is recognized at present that viruses are a dynamic functional compound of planktonic microbial community in 
water ecosystems. Their abundance can exceed the amount of bacteria by one order of magnitude and be 108 
ml-1 (Bergh, Borsheim et al., 1989; Wommack, Colwell, 2000). The structure of viral community remains 
insufficiently investigated, although this is an important factor in regulation of species diversity and of 
abundance of their hosts.  

This work is aimed to investigation of morphological diversity of virioplankton in the water of an 
oligotrophic Lake Baikal. The investigations were performed in summer and autumn of 2009 in Southern, 
Central and Northern basins of Lake Baikal using transmission electronic microscopy. More than 200 individual 
images of free phages particles were investigated. It was found out that vast majority of the phages observed 
are related to the order Caudovirales (caudate phages). Besides, we found particles which we suppose to be 
related to the families Tectiviridae and Microviridae.  

The natural viral community in Lake Baikal water we studied is very diverse by its composition. This is 
suggested by the fact that the majority of morphological types of phages are presented by a single particle. 
Predominant morphotypes in lake water are bacteriophages representing the family Siphoviridae (morphotypes 



 134 

1 and 2) which are characterized by a regular icosahedral head shape (d=38-196 nm) and by an irreducible 
caudal apophysis 45-560 nm long.  

In Lake Baikal there are especially diverse phage particles representing the family Myoviridae. Their 
morphological peculiarity is manifested in thin details of the structure of a reducible caudal apophysis. The 
phages of this family have a basal lamina, as well as the presence of spheroids at the end of caudal apophysis. 
Some phages in the lakes are presented by particles with an apophysis without any additional structures at its 
end. Bacteriophages of the family Myoviridae – are morphotypes 1, 2 with icosahedral head shape of 69-122 
nm, the size of caudal apophysis is 25-230 nm, sheath length is 15-106 nm, its width is 15-45 nm. 

The phages of the family Podoviridae related to the order Caudovirales, like two first ones, are 
represented in the natural viral community in Lake Baikal by morphotypes 1, 2. Phage particles of this family 
have mainly a short cone-shaped caudal apophysis without a basal lamina 8-30 nm long. The size of an 
icosahedral head is 40-120 nm. 

Two morphotypes of viral particles without a caudal apophysis are found in the lake. The first morphotype 
is presented by particles of icosahedral shape and by small size of – 36-62 nm. The second one is 
characterized by rather large sizes (110-160 nm) and by two clearly differentiated capsules (membranes). We 
suppose that the morphotypes found are related to the families Microviridae and Tectiviridae and represent an 
insignificant part of virioplankton of Lake Baikal.  

Hence, a large morphological diversity of free phage particles found in Lake Baikal water using electronic 
microscopy can suggest the presence of different bacterial populations which are not recorded at present by 
standard investigation methods. 
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Solar saltern for the commercial production of table salt consists of a series of ponds through which seawater 
flows, becoming progressively more concentrated with respect to total salts. Then, when the NaCl 
concentration has reached approximately 32%–35% in the pans known as crystallizers, the precipitation of 
NaCl occurs. Solar saltern has been a specific microbial community and producing bacteria of many other 
metabolite and pigment for using industrial product. Solar saltern has been a specific microbial community and 
producing bacteria of many other metabolite and pigment for using industrial product.  

Pyrosequencing technology allows us to characterize microbial communities using 16S rRNA sequences 
orders of magnitude faster and more cheaply than has previously been possible. We examined bacterial 
communities in the solar saltern in Korea using pyrosequence data of the V6 region of the 16S rRNA gene. 
Samples were collected from locations in solar saltern clay tablet, the solar saltern water and solar saltern near 
tablet. A total of 7459 unique tags belonging to Bacteria were recovered. The microbial community from solar 
saltern clay tablet was consisted mainly to Firmicutes (42%), Bacteriodate (20%), Proteobacteria (20%) and 
Cyanobacteria (13%). The microbial community from saltern water was consisted to Proteobacteria (76%) and 
Bacteriodate (6%). The microbial community from Yellow Sea tidalflat(sediment) was consisted to 
Proteobacteria (51%) and Bacteriodate (11%). Microbial diversity of saltern water and Yellow Sea 
tidalflat(sediment) were similar each other, but diversity of solar saltern clay tablet were quite different  from that 
of saltern water. A large Proteobacteria and Bacteriodate diversity was identified in saltern water and Yellow 
Sea tidal-flat, while Firmicutes, Proteobacteria and Bacteroidetes were abundant in saltern clay 
tablet.Significant difference in the microbial community structure in saltern water and sediment was detected 
during a short time period, denoting a rapidly adaptive dynamic ecosystem and near tidal- flat diversity. 
Bacterial members and diversity reported for the first time in solar saltern were identified by using 
pyroseqeuncing of 16S rRNA. 

STUDY OF CULTURABLE MICROBIAL COMMUNITY FROM THE SAMPLES TAKEN AT EXCAVATIONS 
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Permafrost soils are a particular environment where the microorganisms are under the extreme habitat 
conditions. Finding of vital spores of bacilli and fungi under such condition is clear as they are known by their 
resistance to different environmental situations. While in dormant state, the spores remain able to permanent 
control of food situation in the environment. They respond rapidly to the income of suitable nutrients by 
germination and renewal of vegetative growth (Nicholson et al., 2000).  

The Mongolian Altay is an archaeological and natural reserve. Here a cold, arid climate which formed 
during last 3-4 ky dominates, it determines the existence of cryoarid ecosystems in this zone (Dorofeyuk, 
2008). While performing archaeological excavation of trwo burial mounds of pazyryk culture in the upper 
current of the Oron-Kurin-Gol R. on the southern slopes of Saylyugem Ridge in the Mongolian Altay, permafrost 
with ice lenses was found. Thanks to particular conditions and specific of rituals in the sepulchral chambers of 
“frozen” burial mounds, some artifacts which cannot be conserved under other conditions were available for us 
(Molodin, 2001). We studied samples from sepulchral chambers and from remainders of organic tissues. We 
have obtained unique biological material the age of which is almost 2.5 ky (Molodin, 2007). In total, we studied 
11 samples taken just at excavation site. In the Laboratory for Water Microbiology of the Limnological Institute 
of RAS SB, the following parameters were studied: total amount of microbial cells (TAMC), the abundance of 
organotrophic microorganisms and of bacteria of the genus Bacillus, phylogenetic groups of microorganisms 
using method of in situ hybridization (CARD-FISH), isolation and analysis of DNA from the microorganisms 
strains. 

In all the samples studied, vital, culturable bacterial forms are found. The strains isolated from the 
remainders of a horse tissues were unable to produce main exoenzymes, this may result from additional 
treatment, e.g., embalming. The samples from organic material remainders revealed higher contamination with 
microorganisms in comparison with ice samples. By the results of identification tests, the strains are related to 
the genera Pseudomonas, Rhodococcus, Bacillus (I morphological group B. subtilis). By in situ hybridization, 
only eubacteria were revealed in the samples they counted 18-42.5% of total abundance of microbial cells 
detected by DAPI staining. For the representatives of the domain Archea we obtained no positive signal. By the 
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results of a comparative analysis of nucleotide sequences of culturable forms of organotrophic bacteria we 
revealed that all the strains studied have among their closest relatives only culturable soil microorganisms. 
Presence of three main phylogenetic groups is shown: gram-positive bacteria with a low content of G+C 
(Firmicutes), gram-positive bacteria with a high content of G+C (Actinobacteria), -Proteobacteria. They are 
rather widely distributed in the permafrost soils in China, Japan, in Arctic and Antarctic soils. 

This work was supported by Program of RAS Presidium 20.9 
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ROLE OF ENTEROCOCCUS BACTERIA IN ASSESSMENT OF WATER QUALITY  
Kravchenko O.S., Parfenova V.V.  
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One of the main aspects in the research of the composition and functioning of microbial communities of aquatic 
ecosystems is the study of microorganisms influencing the water quality since freshwater bodies serve as the 
main source of drinking water. The quality of surface waters and even ground sources is becoming worse due 
to the intensifying anthropogenic pressure on the environment which is rather dangerous for users. Moreover, 
at present there are some problems in the world which affect the quality of drinking water from open water 
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bodies – this is the inflow of antibiotic-resistant opportunistic pathogenic microorganisms. Lake Baikal and the 
Angara River running from the lake are unique sources of drinking water consumed by the population.  

The aim of this work was to study a possible mechanism of survival and preservation of viable 
microorganisms on the example of bacteria of the genus Enterococcus in the Baikal water that determine its 
quality in terms of safety.  

The results showed that opportunistic pathogenic bacteria of the genus Enterococcus were mainly 
detected in the littoral areas of Lake Baikal, in its southern parts where sufficient sources of pollution are 
located: settlement Slyudyanka (railway junction), town Baikalsk (Pulp and Paper Plant) and settlement Kultuk. 
The Selenga River shoal and Barguzin Bay are polluted by two main tributaries of the lake – the Rivers 
Selenga and Barguzin. We found out that Enterococcus bacteria were mainly found in the samples obtained 
directly from the river branches. Opportunistic pathogenic bacteria were not detected at a distance of 3 km of 
the branch. These bacteria were not recorded in the pelagic part of the lake in deepwater samples even using 
diverse methods of isolation. The microbial community changed with the depth. We noticed the prevalence of 
organotrophic, oligotrophic and psychrophilic autochthonous microorganisms which are characteristic of 
culturable communities of the lake.  

A question arises: Why don’t we find allochthonous bacteria in the lake far from the rivers and other 
sources of anthropogenic influence? The analysis of literature material and our own data showed that they are 
supposed to die or transfer to the non-culturable state. Therefore, they are not identified in nutrient media. 
Experiments showed that bacteria of the genus Enterococcus are able to transfer into non-culturable state 
preserving their viability. This makes it difficult to detect them in the water during conventional cultivation of 
them in diagnostic media. Cells in the Baikal water are preserved at low temperature due to the formation of 
thicker and denser cell walls that becomes several times larger. This favours their survival at low temperatures 
with insufficient quantity of organic substances for their vital activity.  

Fundamental studies showed that the inflow of opportunistic pathogenic bacteria into water bodies and 
water channels are undesirable as they have adaptive mechanisms of preservation of their viability in the 
environment. On the whole, the quality of Baikal deep water completely meets the standards for assessment of 
drinking water quality. It means that Baikal water is of high quality.  
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Numerous outputs of thermal waters are concentrated in Barguzin Depression of the Baikal Rift Zone. The 
presence of microbial communities is found out in all the sites of thermal waters discharge. Carbonates 
deposition is observed only at three springs outputs. Formation of the thickest carbonate structure of Garga 
source is related directly to the microbial community activity. This work considers morphological peculiarities 
and regularities of deposition of silica and calcium compounds forming in cyanobacterial community of Garga 
source. 

Sodium sulphate waters of Garga source have mineralization 1 g/l. Si content is 30 mg/l. Temperature in 
the discharge site is 77°C, pH is 8.2. Fluorine content is 11 mg/l. Among microelements, alkaline and alkaline-
earth elements dominate: Li, Rb, Sr, Cs, Ba; there are less anionogenic elements Ge, Mo, W. In the solution at 
source discharge, radon content in 2007 was 110 Bq/l (or 30 emans).  

The main compound of this microbial community is Phormidium spp. In the case of high temperatures 
(>55o ) there are mainly cyanobacteria Phormidium angustissimum, Ph. laminosum, Mastigocladus laminosus 
and bacterium Chloroflexus aurantiacus. At temperature decrease op to range of 45-35o , Oscillatoria spp. and 
diatom algae often dominate. 

Within Garga source microbial community, amorphous silica and calcite are deposited. The silica which is 
deposited conserves the community structure, probably, due to the fact that adherent polysaccharide sheaths 
of bacterial cells keep well silicate gel coagulating from the solution. Calcite deposition from alkaline 
hydrothermal solution occurs at sufficient calcium content in the solution feeding the community. It was found 
out that the carbonate is deposited in microbial communities of the sources where in the nutritive medium the 
calcium content is >25 mg/l (Alla, Garga, Gusikha). It is characteristic for travertines to form in the discharge 
sites of the same sources. 

In thermophillic cyanobacterial communities, the calcite is deposited as well-grained crystals sized from 
20 to 40 m. Rhombohedron and prism participate in crystals graining. Depending on solutions composition 
and on microbial community state, calcite can to this or that extent return again into the solution or be 
conserved and under static conditions, deposit (re-deposit), create solid stromatolite structures (so-called 
travertine of Garga source). 

We studied the peculiarities of microbial mat structure by methods of high-resolution transmission 
electronic microscopy. The study performed has shown that on ultrathin slices of microbial mat from Garga 
source, among cysts and spores and remainders of lysed vegetative cells there occur different by their 
morphology bacteria enveloped in a permanent slimy matrix. It was noticed at local analysis of elemental 
composition that the silicon is concentrated mainly in a thick layer of cells slime surrounding bacterial cells (Fig. 
1 left). In the intracellular content, we found out everywhere and in considerable amount monocrystallic outputs 
of calcium carbonate (Fig. 1 right). Hollow sub-individuals of calcium phosphate have been also found. 

By XRFA-SR method, we analyzed the content of a large elements group in a microbial community. The 
factor of biological accumulation (Fb) was calculated for total content in a mat without isolating a mineral 
component. By factor of biological accumulation, the elements are subdivided as follows:  
1) do not concentrate in the microbial community: Mo;  
2) accumulate relatively weekly in the microbial community: Cs, Rb, Sr, K (lg Fg<1); 
3) are considerably accumulated in the microbial community: Ca, Cu, V, Ge, Zn (lg Fb 2-3); 
4) are very concentrated: Mn (lg >3). 

Germanium content in the microbial community of Garga source is in average 270 g/t. It is characteristic 
that the element is accumulating in parallel with radium isotopes the content of which exceeds 5000 Bk/kg (lg 
Fb 2-3). Main microelements amount is distributed between organic matter and a mineral component of the 
microbial community equally. The mineral part is preferred by Ca (calcite), Sr  Rb. Organic matter - by Ge. As 
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it was shown by studies using high-resolution transmission electronic microscopy, this element is present in 
small amounts in the cells sheath. 

The work is supported by RFBR grant No 08-05-00968, Integrative Project of RAS No 10. 
 

 
Fig. 1. In the layer of cellular slime (left picture) increased silicon content is stated, monocryctallic extrusions of calcium 

carbonate are situated in the intracellular space (right picture). 
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BACTERIA OF THE GENUS RHODOCOCCUS FROM BITUMEN CONSTRUCTIONS  
AT LAKE BAIKAL BOTTOM 

Likhoshvay Al.V., Khanaeva T.A., Lomakina A.V., Gorshkov A.G., Pavlova O.N., 
Zemskaya T.I., Grachev M.A., Slepenchuk M.V.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
Likhoshvay@mail.ru 

This work presents the results of model experiments on degradation of n-alkanes of oil during cultivation of 
Baikal microorganisms obtained from the sites of natural oil seepages at Lake Baikal (East Siberia, Russia) 
(Khlystov et al. Doklady of the Academy of Science, Geography, pp. 1-41, 2009) with the help of the deepwater 
manned submersibles “MIR-1” and “MIR-2”. Five strains of microorganisms were isolated from the samples of 
bitumen constructions obtained from the lake bottom at the sites of oil seepages using Raymond agar [2]. 
Analysis of nucleotide sequences of 16S rRNA gene of pure cultures showed that they have high homology 
(99-100%) with the genus Rhodococcus. alk-Genes of group III able to degrade oil were found in genomes. 
Long-chain alkanes (C20-C30) degraded completely (Fig. 1) at 4ºC for 92 h. Alkanes with the C29 chain length 
degraded completely at 4ºC for 190 h, whereas those with C10-C30 degraded partially (Fig. 2).  
The 16S rRNA gene sequences from pure cultures revealed their close similarity with Rhodococcus 
erythropolis (99-100% homology). ALK genes of group III that constitute gene complexes responsible for oil 
degradation were found in the genomes of all strains. Model experiments showed that the n-alkanes conversion 
reaches 90% for 60 days. This process has a latent period due to the formation of microorganism community.  

The authors are very thankful to the Group of “Metropol” Companies that assisted in deepwater diving on board the 
submersibles “MIR”. The work was supported by the RAS Presidium Programme (Project No. 20.9) and Integration Project 
SB RAS No. 27.  
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Fig. 1. Relative concentration of alkanes (%) during cultivation of 5 strains in Raymond agar at 24ºC at the beginning of the 
experiment (gray columns) and 92 h after (white columns) (  

 5  24o  (  
)  92  ( )). 

 

 
Fig. 2. Relative concentration of alkanes (%) during cultivation of 5 strains in Raymond agar at 4ºC at the beginning of the 
experiment (gray columns) and 189 h after (white columns) (  (%)  

 4o  ( ),   189  
)). 
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DIVERSITY OF PURE CULTURES AND NATURAL MICROBIAL COMMUNITY FROM TWO SITES OF 
NATURAL OIL SEEPS AT LAKE BAIKAL: ANALYSIS OF NUCLEOTIDE SEQUENCES  

OF 16S rRNA GENE  
Lomakina A.V., Pavlova O.N., Shubenkova O.V., Morozov I.V. *, Zemskaya T.I. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
*Institute of Chemical Biology and Fundamental Medicine SB RAS, 8, Lavrentyev Avenue, 

Novosibirsk 630090, Russia  
lomakina@lin.irk.ru  

Lake Baikal is the world’s largest freshwater body. One of the unique features of this lake is natural 
hydrocarbon seepage. The areas of natural oil seeps have been known at Lake Baikal since the 18th century 
(Ryazanov, 1928; Kashirtsev et al., 1999; Isaev et al., 2003; Kontorovich et al., 2007). In 2005, new oil seep 
was registered at Cape Gorevoy Utes near Barguzin Bay (Khlystov et al., 2007). Numerous patches of oil in 
this area appeared to have identical composition representing a mixture of n-alkanes with normal distribution of 
homologous series of hydrocarons from C11 to C33 having a maximum at C18. The oil discharged from bottom 
sediments is “crude” non-biodegradable oil (Kontorovich et al., 2007; Khlystov et al., 2007). According to 
Kontorovich et al. (2007), 3.6-4 tons of oil is discharged annually into the Lake Baikal water from bottom 
sediments. 

According the analysis data on nucleotide sequences of 16S rRNA, strains of the cultivated microbial 
community of hydrocarbon oxidizing bacteria were referred to the following genera: Pseudomonas, Bacillus, 
Brevibacillus, Paenibacillus, Micromonospora, Rhodococcus, Sphingomonas, Mycobacterium, Bosea, 
Micrococcus, Microbacterium, Arthrobacter, Novosphingobium, Methylobacterium, Curtobacterium, Acidovorax, 
Acinetobacter, Kosuria, and Enterobacter. The majority of sequences obtained had a high homology with the 
known sequences from the international data bank (96-100%). Bacteria closely related to Baikal strains inhabit 
water column and bottom sediments in seas and soils of different regions of the world. Some cultures studied 
by us had a high percentage of homology with bacteria oxidizing oil and other hydrocarbons. 

Natural microbial community from the oxidized layer of bottom sediments at two sites of natural oil 
seepages was referred to phyla Bacteroidetes, Proteobacteria (classes -, -, -), Verrucomicrobia, 
Nitrospirales, Chloroflexi, Planctomycetes, Acidobacteria, Chlorobi, and Actinobacteria. Moreover, nucleotide 
sequences were obtained from oxidized and reduced layers of bottom sediments at two sites of oil seeps. The 
phylogenetic status of these sequences was not identified as their closest homologues were referred to non-
culturable bacteria. Methane oxidizing bacteria of the genus Methylobacter tundripaludum were detected in the 
oxidized layer of bottom sediments. Species composition of microbial community changed with the depth of a 
core. Sequences obtained from reduced bottom sediments were referred to phyla Bacteroidetes, Firmicutes, 
Actinobacteria, and Proteobacteria ( -, -, -). 

Studies showed that representatives of the phylum Proteobacteria, which play a leading role in oxidation 
of oil and its components were dominant in oxidized and reduced layers of bottom sediments (Graowski et al., 
2005). Representatives of -Proteobacteria dominated in oxidized layers of bottom sediments in the areas of 
natural oil seeps, whereas in reduced sediments both - and -Proteobacteria, the closest homologues of 
which take part in oxidation of different oil components in soil. Moreover, the percentage of non-culturable 
bacteria isolated from the sediments containing gas hydrates of the Pacific Ocean and from bottom sediments 
of different seas and Lake Washington was high in the oxidized and reduced layers of bottom sediments.  

This work was supported by RAS Presidium Programme (Project 20.9) and SB RAS Integration Project No. 27. 
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MICROBIAL COMMUNITIES IN INFLOW AREAS OF LARGE TRIBUTARIES INTO LAKE BAIKAL  
Maksimenko S.Yu., Zemskaya T.I.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
svmax@lin.irk.ru  

Taking into account high anthropogenic load on the river basin, special attention is paid to investigations of the 
barrier zone “river-lake”. Major enterprises are located mainly in the areas of large tributaries. This affects the 
functioning of river ecosystems and, as a consequence, the ecosystem of a water body into which riverine 
waters flow. Of special interest are transformation of riverine waters into lacustrine ones, the role of microbial 
communities in these processes, and their interaction with other components of the ecosystem. 
The aim of this work was to study microbial communities from the areas of inflow of the Rivers Selenga, 
Barguzin and Upper Angara into Lake Baikal using classical and molecular-biological methods. We determined 
the total abundance of microorganisms (TAM), distribution of organotrophic microorganisms, and functioning 
parameters of the microbial community. The structure of the microbial community was analyzed with 
fluorescence in situ hybridization (FISH).   
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In 2006-2008, total abundance of microorganisms in the areas of inflow of large tributaries into Lake 
Baikal varied from 0.7 to 3.8 mln cells/mL in the Selenga River shoal, in the Angara-Kichera shoal – from 0.5 to 
7.5 mln cell/mL, and in Barguzin Bay – from 0.5 to 2.9 mln cells/mL. Maximal abundance of organotrophs was 
registered in the river mouths and in near-bottom water layers at long distances from the mouths (up to 2100 
CFU/mL). High values of functional activity of microbial communities were recorded with radiocarbon method 
from velocity of heterotrophic assimilation of carbon dioxide. The structure of bacterioplankton was dominated 
by Eubacteria (up to 75% of TAM), and the percentage of Archaea did not exceed 5% of TAM. Moreover, in all 
the areas there were recorded representatives of Alpha- (up to 22.5%), Beta- (up to 14%), and 
Gammaproteobacteria (up to 19.7%), as well as representatives of the Actinobacteria phylum (up to 12%), 
phylogenetic groups Cytophaga-Flavobacteria (up to 7.5%), and Planctomycetes (up to 7%). Depending on the 
season, maximal abundance of members of phylogenetic classes and groups of bacteria was observed in the 
river mouths or at different distances from the mouths. In most cases, it was lower than the values obtained 
before.  

In July of 2006, the highest bacterial diversity of phylogenetic groups in the structure of the microbial 
community was detected in the mixing zone of riverine waters with lacustrine ones at a distance of 2-3 km from 
the mouth of the Upper Angara River. Similar picture of distribution was recorded in the river mouth in June of 
2007-2008. We may suppose that microbiological barrier in the zone of the Angara-Kichera shoal was located 
at a distance of 2-3 km from the river mouth. Comparing microbiological parameters with hydrological and other 
biological characteristics we may conclude that the formation of microbiological barrier depends directly on 
water temperature characteristics and level of phytoplankton development.  
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MICROBIOLOGIC ASPECTS OF STABILITY OF THE ECOSYSTEM OF BAIKAL BY RESULTS OF REGIME 
STATIONARY SUPERVISION ON THE POINT  1 IN THE BOLSHYE KOTY 

Maksimova E.A., Maksimov V.V., Schetinina E.V., Kraykivskaya O.V. 
Scientific research institute of biology, 3, Lenin St., Irkutsk 664000, Russia 

peterkb@mail.ru 

The purpose of the given report – to define a level of stability of an ecosystem of Baikal from the point of view 
of dynamic of structural parameters of microbiocenoses of  Baikal in modern conditions. Basing on the data on 
dynamics of an aggregate number of microorganisms for 2007-2009, and comparing to the last years, it is not 
found out tendencies of the quantitative or time plan which would testify to reorganisations in an ecosystem of 
the Baikal waters. Mid-annual sizes of number of microorganisms these years keep within limits of their 
fluctuations (in 2007 - 716 ±93; in 2008 - 792±103; in 2009-624±80 thousand in cell/ml in a layer 0-50 m) also 
characterize an ecosystem of Baikal as steady. The microbic oligotroph complex in euphotic zone of lake (on 
the average a layer 0-100 m) functions in strict conformity with rhythmics of development of primary producers 
of an ecosystem - planktonic alga. Established for prokaryotes microbiocenoses of the Baikal waters ability 
roughly to variate the number and activity is the protective homeostasis mechanism of maintenance of a 
dynamic constance of properties and attributes of  Baikal waters (Maksimov et al., Microbiology, P. 752-757, 
2006). Comparison of mid-annual values of the saprophytic bacteria, describing a level of trophic and 
hydrodynamics of Baikal waters, has shown their identity in a long series of supervision (1980-2000 years). It is 
abnormal low values saprophitic microorganisms (since 2007 for 2009) during year cycles are connected, most 
likely, to natural cycles in fluctuations of a water relationships of an ecosystem of Baikal, and also testify to 
change of structure of organic matters in waters of lake. The qualitative structure of the saprophitic bacteria has 
changed these years, predominant bacteria were representatives by gen. Mycobacterium, Arthrobacter. It is 
confirmed, that saprophitic microorganisms characterize waters of open Baikal as ultraoligotrophic.  

Criteria of stability of an oligotroph microbic complex of an ecosystem of lakes are:  
- steady predicted natural intraannual dynamics of frame of the oligotroph microorganisms, reflecting trophic 
and hydrodynamic conditions  of an ecosystem of water thickness; 
- absolute cleanliness of the Baikal waters of below active layer of the water masses identified on sanitary-
bacteriological parameters, adeguate to the high world standards of potable water;  
- extremely low absolute sizes of the bacterial production determined on radiocarbon 14 C-method. 

This work supported in part by the program “Development of Scientific Potential in Higher Schools” (project 
2.1.1/2880). 
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STUDY OF THE DIVERSITY OF TOTAL MICROBIAL COMMUNITY FROM BOTTOM SEDIMENTS IN KARA 
SEA BY MOLECULAR BIOLOGY METHODS 

Mamaeva Ye.V., Suslova .Yu., Pavlova .N., Parfenova V.V., Zemskaya .I. 
Limnological Institute of RAS SB, 3, Ulan-Batorskaya st, Irkutsk 664033, Russia 

elena_m@lin.irk.ru 

Samples of water and bottom sediments from Kara Sea shelf taken in 2009 are analyzed. The ecosystem of 
this area is characterized by low mineralization and variation of water salinity with depth. Kara Sea shelf is one 
of perspective sites for oil and gas exploration from all continental margins of Northern Eurasia (Ryabukhin G. 

 et al., 1993; Johansen S.E. et al., 1993; Dore A.G., 1995; Belyaev I.V. et al., 2003; Verba .L. et al., 2005). 
The abilities of microbial community from this area to destroy different combinations including oil and other 
hydrocarbons are of great interest. 

Maximal values of total microorganisms abundance (TMA) are revealed in water surface layers in Kara 
Sea shelf (up to 515 thousand cells/ml). Decrease of TMA up to 23 thousand cells/ml is noticed with depth. 
Minimal microorganisms amount is noticed in water samples taken at the cross-section from Yenisey Gulf to 
Dixon settl. Where the abundance of organotrophic, psychrophyllic microorganisms and of bacteria of the 
genus Bacillus did not exceed 45, 190 and 35 /ml, respectively. Maximal values in these groups of 
microorganisms are reveled at the cross-section Oleny Island – Sibiryakov Island. Maximum of the abundance 
of hydrocarbon-oxidizing microorganisms is noticed in the water samples from Kara Sea at the stations of the 
cross-section Dixon settl. – Sibiryakov Island – up to 1200 /100 ml. 

It is stated after the study performed that in culturable microbial community, bacteria of the genus 
Bacillus dominate. So, in the bottom sediments in water column of Yenisey R., their amount is 46 and 54%, 
respectively, in Kara Sea - 41%. In the bottom sediments of Gydan Gulf the representatives of the genus 
Bacillus make 81% of abundance. 

On the base of the analysis of nucleotide sequences of 16S rRNA gene, first results of phylogenetic 
diversity are obtained for microbial communities in the areas of the cross-sections Oleny Island – Sibiryakov 
Island, Dixon settl. – Sibiryakov Island, Sopochnaya Karga – Narzoy Cape, Otvasny Cape – Paka Sala Cape. 
Total DNA is isolated from bottom sediments of seven stations by method of phenol-chloroform extraction 
(Sambrook et al., 1989). The concentration of isolated DNA varies from 418 (sand) to 3815 mg/ml (clay). We 
have amplified total DNA isolated from the sediments of two stations using eubacterial universal (Lane et al., 
1985) and Archaean (Hallam et al., 2003) primers. The amplicons obtained are cloned using the kits Clone 
JETtm  PCR Cloning Kit “Fermentas” and pGEM®-T Easy Vector Systems “Promega”, as it was recommended 
by manufacturer. The transformation into E.coli cells is done using chemically competent cells (DH5 ). The 
cloned DNA is cloned using plasmid primers recommended by manufacturer of kits for cloning. 

The cloning resulted in a library comprising 24 clones. Phylogenetic analysis of nucleotide sequences of 
16S rRNA gene has shown that the microbial community from bottom sediments in two areas of Kara Sea is 
represented by phyla of alpha-, beta-, gamma- and delta-proteobacteria, Actinobacteria, Acidobacteria, 
Bacteroidetes, Chloroflexi, Crenarchaeota, Thaumarchaeota. 

This work was supported by Program of RAS SB Presidium No 20.7. 
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INVESTIGATION OF CONTAMINATION OF SALMONIDS WITH PROTOZOA  
OF THE GENUS SPIRONUCLEUS  

Nebesnykh I. ., Sukhanova Ye.V., Denikina N.N., Bel'kova N.L., Chernogor L.I., Dzyuba Ye.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 

canis-87@mail.ru 

Diplomonadida are flagellate protozoa known as the most primitive among eukaryotes as they have no 
characteristic mitochondrions, peroxisome and Golgi apparatus (Keeling, Doolittle, 1997). Among 
Diplomonadida representatives (Hexamita, Octomitus and Spironucleus) there are both commensals fishes of 
digestive tract and pathogenic organisms (Poynton, Morrison, 1990; Jorgensen, Sterud, 2004, etc.). Numerous 
biological and ecological aspects of these animals, including specific hosts, geographic areas and pathogenicity 
of different species are poorly studied. This fact is due first of all to the complexity of identification of genera 
and species of Diplomonadida.  

Despite a relatively high level of at which Lake Baikal animals are investigated, data on species 
composition of parasitic protozoa are incomplete up to nowadays (Zaika, 1965; Pronin, 2001; Rusinek, 2007). It 
is known that representatives of two genera occur in the fishes of Baikal region, these are Hexamita 
(Octomitus) [Zaika, 1965] and Spironucleus (Bel'kova et al., 2007 , 2007b, 2008). In Lake Baikal, Hexamita sp. 
and H. truttae are found by classic parasitology methods in Coregonus migratorius, in Baikalian graylings 
(Thymallidae), Leuciscus leuciscus, Lota lota, as well as in endemic sculpins (Batrachocottus multiradiatus, B. 
nikolskii, Cottocomephorus grewingkii, Limnocottus bergianus) (Zaika, 1965; Pronin, 1981, 2001; Rusinek, 
2007). Spironucleus barkhanus is identified in Thymallus baicalensis only by molecular genetic methods 
(Bel'kova et al., 2007 , 2007b, 2008). 

The present study was aimed to investigation of contamination of salmonids Salmonoidei with 
protozoa of the genus Spironucleus using a specific polymerase chain reaction (PCR) and testing of 
microscopic methods for detection of these microorganisms. Specimens sampled from different habitats 
(Lakes Baikal and Khovsogol, Irkutsk Reservoir, Angara and Lena rivers) served as material. In order to 
specify the localization of Spironucleus, we investigated the fragments of the foregut and cholecysts. Total DNA 
extraction and specific PCR were carried out as described before (Bel'kova et al., 2008). For microscopic 
investigations, the preparations of fresh intestinal and cholecysts tissues were stained by Romanovsky-Gimze 
method. The microorganisms were identified by morphologic characteristics using optic microscopy (Axiovert 
200 and Axiostar plus, Zeiss; Center of Shared Use). 

Analysis of contamination of salmonids by Diplomonadida representatives is carried out. Using molecular 
genetic method, we found representatives of the genus Spironucleus in intestines and cholecysts of T. 
baicalensis, C. migratorius and Thymallus baicalensis nigrescens. The contamination of T. baicalensis in 
different areas is approximately equal and is 22-25%. We have to notice that pathogenic genotype of 
Spironucleus salmonicida is not detected in the analyzed fish species. Using light microscopy, we obtained 
microphotographs of representatives of the genus Spironucleus in intestines and cholecysts tissues of T. 
baicalensis. 

The work is done within RAS program No 26, sub-program 1, project 26.13. 

 



 148 

   
 SPIRONUCLEUS  

., ., ., ., ., . 
, 3, . ,  664033,  

Diplomonadida – , ,  
,  (Keeling, Doolittle, 1997).  

 Diplomonadida (Hexamita, Octomitus  Spironucleus)  
,  (Poynton, Morrison, 1990; Jorgensen, Sterud, 

2004 .). , , 
. ,  

,  Diplomonadida.  
,  

 ( , 1965; , 
2001; , 2007). ,  

 – Hexamita (Octomitus) ( , 1965)  Spironucleus ( ., 2007 , 2007 , 2008).  
 Hexamita sp.   H. truttae  

 Coregonus migratorius,  (Thymallidae),  
Leuciscus leuciscus,  Lota lota,  (Batrachocottus multiradiatus, 
B. nikolskii, Cottocomephorus grewingkii, Limnocottus bergianus) ( , 1965; , 1981, 2001; , 
2007). Spironucleus barkhanus -

 ( ., 2007 , 2007 , 2008). 
 

Salmonoidei  Spironucleus  
 ( ) . 

,  (  
, , ).  Spironucleus 

.  
,  ( ., 2008).  

 
.  

 (Axiovert 200  Axiostar plus, Zeiss; ). 
 Diplomonadida.  

 
Spironucleus  (T. baicalensis), 

 (T. baicalensis nigrescens).  
 22-25%.  

,  Spironucleus salmonicida  
.  

Spironucleus .  
 26,  1,  26.13. 

SYMBIOTIC INTERACTIONS OF MICRORGANISMS IN NATURAL AQUATIC BIOCOENOSES 
Nemtseva N., Yatsenko-Stepanova T., Bukharin O. 

Institute of Cellular and Intracellular Symbiosis, UrD, RAS, 11, Pionerskaya st.,Orenburg 460000, Russia 
nemtsevanv@rambler.ru 

Study of symbiosis is one of the most actual problems of modern biology. Evolutionary antiquity of protozoa, 
bacteria, algae, and their wide spreading in various environments explains the diversity of symbiotic relations of 
microorganisms, both with ones like them, and with other live beings. These relationships are well known: 
mutualism, commensalism and parasitism. 

Symbiosis as a form of coexistence of unrelated organisms is a fundamental phenomenon. Study of 
structural features of symbiotic systems as a result has led to the paradigm change, and the appearance of a 
term “associative symbiosis”. 

In modern interpretation associative symbiosis is regarded as a multicomponent integrated system, 
including a macropartner (host), a dominant (stable) microsymbiont, and minor associative microsymbionts, 
with their multidirectional influences. The host, while being a centre of organization, interacts with partners on 
the principle of endocytobiosis or forms distant connections in the population-communicative way. The 
dominant microflora that surrounds the host performs a helper function. Associants inclusion into this symbiosis 
may have different consequences for host. On the one hand, it is a strengthing of dominant microflora, and 
host. On the other hand, it is an antagonism of associants with further exclusion of dominant partner that has 
negative results both for host and for whole symbiosis. 

In hydrobiocoenoses microalgae (organic substances producers), as a rule, play a role of organism-
edificator that is a centre of association, including other species. Therefore, we have made an attempt to 
assess structural organization of associative symbiosis by the example of algae association.  
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It has been theoretically proved with method of correlation pleiades that associative connections in 
phytoplankton community are determined by the host (Chlorophyta), stable dominant micropartners 
(Euglenophyta, Dinophyta,  Bacillariophyta, Chrysophyta), represented by a group of interchangeable 
symbionts, and minor associative microsymbionts (Cyanophyta, Xantophyta). The special algorithm has been 
developed for determination the structure of phytoplankton community, formed on the basis of associative 
symbiosis. 

The existence of three functional vectors of symbionts interactions in natural algal biocoenoses was 
experimentally confirmed. They are: host – dominant micropartners; host - associative microsymbionts; 
dominant micropartners - associative microsymbionts, taking part in a regulation of algacoenosis. By the 
example of Cyanophita ambiguous significance of associative symbionts for microsymbionts: from strengthing 
of main and dominant partners to antagonistic excluding of dominant microsymbionts with disturbance of 
reservoir has been demonstrated.  

Bacterial symbionts: Rhodococcus terrae, Micrococcus roseus, and Bacillus spp., were isolated from the 
symbiotic algo-bacterial association, in centre of which was alga Chlamydomonas reinhardtii. 

The positive influence of bacterial associants on the host was determined as far as alga C. reinhardtii had 
higher growth rate (0.76 day-1) and productivity (60 g of Chl/ml of culture) in comparison with an axenic culture 
(0.4 day-1, and 10 g of Chl/ml of culture). 

Experimental coculivation of alga C. reinhardtii the axenic culture with each of bacterial symbiotic isolates 
demonstrated that the dominant symbiont Rhodococcus terrae stimulated growth of alga in two times. The 
associants Bacillus spp. and Micrococcus roseus didn’t have evident influence on the alga growth and 
development.  

However, in combination with R. terrae these microorganisms promoted the productivity of the whole 
association. 

Protozoal-bacterial associations are another example of associative symbiosis. As a result of natural and 
experimental research bacteria that are protozoal symbionts were divided into three groups: dominants, 
associants, and occasional symbionts. Enterobacter cloacae, E. agglomerans, Klebsiella pneumoniae, 
Alcaligenes xylosooxidans were included into a dominant group; Escherichia coli, Klebsiella rhinoscleromatis, 
Pseudomonas putida, P. aeruginosa, Aeromonas  caviae, Vibrio fluvialis - into a group of associants; 
Citrobacter freundii, Providencia alcalifaciens, P. rettgeri, Paracoccus halodenitrificans, Arthrobacter globiformis 
- into a group of occasional symbionts. 

So, widespreading of associative symbiosis is demonstrated not only in plants, animals, and humans 
land ecosystems, but also in water biocoenoses. This suggests the universal character of associative 
symbiosis. 
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FIRST RESULTS ON SEARCH OF HYDROCARBON OXIDIZING BACTERIA, PRODUCERS OF 
SURFACTANTS, ISOLATED FROM LAKE BAIKAL  

Pavlova O.N., Fedorova G.A., Shishlyannikova T.A., Korneva E.S., Bukin S.V.,  
Lomakina A.V., Zemskaya T.I.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
pavlova@lin.irk.ru 

Biodegradation of hydrocarbons by indigenous populations of microorganisms is one the main processes of 
self-purification of the environment. Oil oxidation by hydrocarbon oxidizing bacteria can cause formation of 
surfactants which disperse oil products and increase availability of hydrocarbons for microorganisms (Sung-
Chyr Lin, 1996; Volchenko, Karaseva, 2006).  

The aim of this work was to search strains producing biosurfactants among hydrocarbon oxidizing 
microorganisms isolated from water, bottom sediments and bitumen structures at the sites of oil seepages in 
Lake Baikal. As a result of the analysis of nucleotide sequences of 16S rRNA gene, 33 strains of 
microorganisms were referred to the genera Rhodococcus, Pseudomonas, Bacillus, Azorhizobium, and 
Micrococcus. Cultivation was performed in a liquid mineral medium (Raymond, 1961) containing either oil or n-
hexadecane as the only source of hydrocarbon.  

Reduction of surface and interfacial tension and/or formation of stable emulsions with liquid hydrophobic 
substrates are standard characteristics of microorganism ability to produce biosurfactants (Volchenko, 
Karaseva, 2006). 

At the first stage, we tested the ability of microorganisms to synthesize extracellular surfactants. “Drop-
collapsing” test was used to assess screening of biosurfactant activity of microorganisms. Aqueous solutions of 
sodium dodecyl sulfate and cetyl trimethyl ammonium bromide were used as references. 
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Ability to synthesize surfactants was estimated from the index of surface tension of the culture liquid free 
of cells using the maximum bubble pressure technique (a Rebinder device). The decrease of surface tension 
was a quantitative characteristic indicating the presence of surfactants in the culture liquid.  

Emulsifying activity was measured in 24 h after adding sunflower seed oil to the culture liquid or to 
supernatant of the culture liquid at a ratio of 1:1 (v/v).  

Lipids were extracted from the culture liquid by a mixture of chloroform-methanol (2:1). The presence of 
glycolipids in the extract of the culture liquid was determined with thin-layer chromatography (TLC) in the 
system of solvents chloroform-methanol-water=65:15:2 in combination with a colouring reagent for glycolipids.  

As a result of these studies, no strains actively producing extracellular surfactants have been revealed.  
Fractions of glycolipids were studied for strains No.4 Rhodococcus sp. and No. 22-05 Pseudomonas sp. 

with LC-MS after TLC-separation. The strain extract of the genus Pseudomonas exhibited the [M + H]+ ions at 
m/z = 746.565  and at m/z = 805.618 which may be referred to phosphatidyl ethanolamine and trehalose 
monocorynomycolates possessing surfactant properties. 

It is necessary to carry out further studies on search of strains which form cell-bound biosurfactants 
among microorganisms and on screening of collection strains. 

The work was supported by SB RAS Interdisciplinary Project No. 27, RFBR Grant No. 10-05-00681, and Russian 
President Grant MK-1901.2010.5.  
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STRUCTURE OF EPIPHYTON COMMUNITIES ON LAKE BAIKAL SUBMERGED MACROPHYTES 
Pomazkina G.V., Kravtsova L.S., Sorokovikova E.G. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
lk@lin.irk.ru 

Submerged macrophytes are spread throughout continental freshwater bodies and seas. They are very 
important components of diverse ecosystems as many ecological processes are closely interrelated with their 
development. Submerged macrophytes serving as a substratum contribute to the formation of epiphyton and 
play a great role in production processes of the littoral zone and in self-purification of water bodies. There are 
over 86 species of submerged macrophytes in Lake Baikal, a study of their epiphyton would be of considerable 
ecosystem relevance, and the structure and function of the Lake Baikal potentially important autotrophic link 
are largely unknown yet. The aim of our work was to characterize species diversity and specific characteristics 
of vertical microdistribution of abundance and biomass of epiphyton on six species of Lake Baikal submerged 
macrophytes: Myriophyllum spicatum L., Potamogeton perfoliatus L., Potamogeton sp., Sparganium 
gramineum Georgi, Ceratophyllum demersum L., and Elodea anadensis Michaux. 

The material was collected in Lake Baikal  2008-2009 in Kurkutskaya Bay, Posolskii Sor and Bolshie 
Koty Bay at a depth of 3-10 m during the vegetative activity of submerged macrophytes.  

The epiphyton of submerged macrophytes was very diverse. There were 3 phyla present: Bacillariophyta, 
Cyanobacteria and Chlorophyta, including 13 orders, 34 genera, and 70 species and intraspecific taxa. Nine 
species of Cyanobacteria and two of Bacillariophyta were new records for Lake Baikal. Epiphyton communities 
differing in species composition and quantitative characteristics grew on diverse species of submerged 
macrophytes. There were high levels of species richness on S. gramineum and on Potamogeton spp., while 
diversity was low on M. spicatum and E. canadensis. A monodominant community was revealed on the 
invasive E. canadensis represented by Cocconeis placentula var. placentula. Specific characteristics of 
morphology of submerged macrophytes influence the structural organization and quantitative development of 
epiphyton. Epiphyton abundance and biomass were higher on upper sections of most plants than on lower 
sections, likely because of canopy shading of macrophyte lower portions. 

In conclusion, the differences in the species composition, numerical abundances and biomasses of 
epiphyton are determined by ecological and morphological characteristics of host macrophytes as substrata. 
Phytoepiphyton community which is formed on E. canadensis differs in structural characteristics from that on 
the indigenous macrophytes of Lake Baikal. Intensive development of E. anadensis may cause epiphyton 
species impoverishment. 

This work was supported by RFBR grants  08-04-98041 r_siberia_a, and “Biodiversity and Dynamics of 
Microalgae of Lake Baikal”  23.12.  

ECOLOGY OF PHOTOTROPHIC SULFUR BACTERIA RELATED WITH LIMNOLOGICAL CONDITIONS IN 
MEROMICTIC LAKES OF KHAKASSIA (RUSSIA) 

Rogozin D.Y.*,**, Genova S.N.***, Zykov V.V.*,**, Chernetsky M.Y.* 
*Institute of Biophysics SD RAS, Akademgorodok 50, Krasnoyarsk 660036, Russia  

**Siberian Federal Universiy, 79, Svobodny av., Krasnoyarsk 660041, Russia 
***Institute of Computational Modelling, Akademgorodok 50, Krasnoyarsk 660036, Russia 

rogozin@ibp.ru 

Meromixis is a condition of persistent chemical stratification in lakes with incomplete mixing over the course of 
a year. It usually results in anoxia and the accumulation of sulphide in the monimolimnion (deeper water layers 
up to lake bottom) and reduced vertical mixing. Phototrophic anoxic bacteria may contribute substantially to 
total primary production in meromictic lakes. These bacteria use sulphide as electron-donors for anoxygenic 
photosynthesis. Dense accumulations of these bacteria can develop, if light reaches the deep sulphide-
containing layers. Although blooms of anoxic photosynthetic bacteria are observed in the pelagial of many lakes and 
reservoirs, their ecological significance in these systems remains unclear. In vast Asian part of Russia there are only 
three meromictic lakes described in literature as meromictic. Two of them are Lake Shira and Lake Shunet 
(Khakassia, South Siberia).  

The year-to-year variations of vertical distribution and biomass of purple sufur bacteria (PSB) and green 
sulfur bacteria (GSB) together with profiles of temperature, salinity, oxygen, sulphide and light were studied 
during 2002-2009 for all seasons including under-ice periods (Rogozin et al., 2005; Rogozin et al., 2009, 2010).  

In Lake Shunet the pronounced gradient of salinity, relatively “shallow” chemocline position (5 meters 
depth) and high concentration of sulphide (up to 14 mM) were registered. The anomalously dense population of 
PSB was registered in chemocline of this lake. The PSB abundance reached 4×108 cells ml-1 which is a second 
value of the world (Rogozin et al., 2005). Only in Lake Mahoney (Canada) the PSB density was a higher 
(Overmann, 1997). Under the “purple layer” the GSB developed in high abundance. In Lake Shira the salinity 
gradient is weaker than in Lake Shunet and chemocline position is deeper. Therefore, biomass of PSB is 
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relatively low and GSB are almost absent from this lake.  We showed that thickness of mixolimnion in Lake 
Shira varied from 11 to 16.7 m depending on a year. These variations were simulated by mathematical 1-D 
model of temperature and salinity conditions taking into account ice formation. The simulated profiles generally 
coincided with the measured ones. We showed that year-to-year variations of air temperatures and winds 
determine the mixing processes in Lake Shira and year-to-year variations of mixolimnion thickness (Rogozin et 
al., 2010). 

Winter biomass of purple sulphur bacteria in the studied meromictic lakes may vary depending on 
amount of light penetrating into the chemocline through the snow cover and ice on a lake surface. The amount 
of light reaching deeper layers depends on snow-cover characteristics. The nature of snow cover can be 
remotely sensed by reflectance of the lake surface. Therefore, the under-ice light conditions can be roughly 
derived by monitoring of snow cover dynamics in studied lakes (Rogozin et al., 2009). In relatively less strongly 
stratified Shira Lake the vertical position of chemocline in winter can vary resulting in considerable changes in 
light conditions of chemocline. Hence, the under-ice light conditions of anoxic phototrophic bacteria depend on 
chemocline position. Due to increase in transparency of mixolimnion in winter, the combination of shallower 
chemocline with absence of snow results in higher light intensity in the chemocline of Shira Lake. Therefore, 
the biomass of purple sulphur bacteria in chemocline of Lake Shira may exceed the summer values under 
these conditions. Generally, meteorological conditions determine the mixing behavior in Lake Shira, therefore 
light conditions of phototrophic bacteria in chemocline during under-ice period can be simulated and predicted 
by model.  
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MICROBIAL COMMUNITIES FROM THE SEDIMENTS IN THE AREA OF SURFACE BEDDING OF GAS 
HYDRATES NEAT BOL’SHOYE GOLOUSTNOYE SETTLEMENT 

Shubenkova .V., Pavlova .N, Lomakina .V., Pogodaeva .V., Zemskaya .I. 
Limnological Institute of RAS SB, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 

Olya@lin.irk.ru 

This work was aimed to biogeochemical research of a new area of gas hydrates (GH) surface bedding ( ) 
(Khlystov et. al., 2007) situated not far from Bol’shoye Goloustnoye settl. (Southern Baikal). By geophysical and 
geochemical data, a cold seep characterized by discharge of waters with low mineralization is identified there. 

In the zone of discharge of gas-bearing and low-mineralized fluids near B. Goloustnoye settl., fluctuations 
in the development of culturable aerobic and anaerobic microorganisms in the sediments are noticed during 
March-August period. Microbial communities structure practically did not vary during a short period (1 week) 
and considerably changed during open water period. The most important differences were noticed for the 
abundance of anaerobic hydrocarbon-oxidizing microorganisms (HCOM) which dominated in March and did not 
develop in June. Variations in microorganisms distribution and abundance in the sediments of GH area are due 
the most probably to a different intensity of the income of gas-bearing fluids resulting in changes of pore waters 
chemical composition. Compilation of HCOM abundance in the bottom sediments of a cold seep near 
Bol’shoye Goloustnoye settl. With one of the same microorganisms in the areas of natural oil ingresses of Lake 
Baikal has shown that the abundance of aerobic culturable HCOM in the bottom sediments of the first site is 
slightly lower than in the bottom sediments in the sites of B. Zelenovskaya R. inlet and Gorevoy Utyos Cape 
(Pavlova et al., 2008).  

Research of microbial communities in the sediments associated with gas hydrates by method of analysis 
of nucleotide sequences of 16S rRNA gene has shown the presence of the following phyla: Proteobacteria 
(classes alpha -, beta -, delta -, gamma), Acidobacteria, Nitrospirae, Chlorobi, Bacteroidetes, Verrucomicrobia. 
The sequences of sulfate reducing bacteria manifested by 97% their similarity with culturable representatives of 
the genus Desulfobacca. Representatives of the following culturable species are identified with different 
similarity degree: Chlorobi (97%), Xanthomonadales (97%), Bacteroidetes (98%), Sphingobacteriales (96%), 
Nitrospira sp. (90%), Gallionella sp. (97%), Cytophagales (96%), Holophaga foetida (84%). 

Using nutrition media with methane and method of limit dilutions, we determined the abundance of 
methanotrophic bacteria in the near-bottom water layer which was 106  cells/ml, it is comparable with the 
abundance of methanotrophs in the area of mud volcanoes Malen’ky and -2 (Shubenkova, 2006).    

Ultra-thin slices of methanotrophic bacteria of enrichment culture have shown the presence of 
intraplasmatic membranes characteristic for methanotrophs of II type, however, using method of analysis of 
nucleotide sequences of functional gene of methanotrophic bacteria pmoA in the microbial community of this 
area, we identified sequences which manifested a high similarity degree (97-98%) with culturable 
representatives of methanotrophic bacteria of the I and II types: Methylobacter psychrophilus, Methylobacter 
tundripaludum, Methylobacter luteus, Methylotenera mobilis, Methylosinus sp.     

The Archaean component in hydrate-bearing sediments is represented by phylotypes belonging to the 
kingdoms Euryarchaeota and Crenarchaeota. All closest homologues of these sequences are non-culturable 
Archaea which are isolated from the sediments of deep-water hydrothermal vent in Pacific Ocean and from 
ones of a deep-water mud volcano in the Mediterranean Sea. It is interesting to notice that in the reduced 
sediments adjoining gas hydrates layer, representatives of hyper thermophillic Archaea of the order 
Thermococcales are found, they develop at the temperatures above +70 º .  

Hence, it is shown that the difference of concentrations of major ions in the discharge zones can provide 
income or efflux of nutrients at least in the first meters of the sedimentary bed and thus to influence the 
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development of microorganisms in that area. The microbial community there is very diverse, a high abundance 
of microorganisms participating in hydrocarbons destruction is noticed.  

This work was supported by Integrative Project No 27, RAS Presidium Program No 20.9, RFBR grant No 08-05-
00709.   
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BACTERIA OF THE FAMILY SPIROCHETACEAE IN THE CRYSTALLINE STALK OF PROSOBRANCHIAL 
MOLLUSK BENEDICTIA BAICALENSIS (GASTROPODA: HYDROBIOYDEA) LAKE BAIKAL ENDEMIC 

Sitnikova . Ya., Tulupova Yu.R., Khanaev I.V., Parfenova V.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 



 156 

tulupova@lin.irk.ru 

The family Spirochaetaceae includes 8 genera, the representatives of 5 from them are symbionts of 
gastrointestinal tract of wood consuming cockroaches and termites (genera Clevelandina, Diplocalyx, 
Hollandina, Pillotina), numerous bivalves and some gasteropods (genus Cristispira). The presence of 
spirochaetae in the mollusks is due to the availability of a crystalline stalk as well as to nutrition of mollusks with 
fine vegetation, including nano- and net phytoplankton. 

We stated the presence of bacteria of the family Spirochaetaceae in the crystalline stalk and in stomach 
content of endemic prosobranchial gasteropod mollusk of Lake Baikal Benedictia baicalensis. This mollusk 
consumes detritus and plants. The material studied was sampled during 2 years in different sites of Southern 
Baikal in different seasons. To find and count the spirochaetae in the isolated crystalline stalks, light 
microscopy was used. For more detailed studies of cells morphology – scanning and transmission electronic 
microscopy. 

The results of studies with light microscopy and scanning electron microscopy showed that the bacteria 
found in the crystalline stalk and stomach content of B. baicalensis have a a spiral shape, negative staining by 
Gram and flagella situated in bipolar way. The cells length us from 13 to 25 mcm, the diameter is from 0.8 to 
1.1 mcm. The bacterial spiral consists of 2-4 turns. The length of a spiral wave varies from 4.8 to 5.2 mcm, cells 
edges are rounded. Transmission electronic microscopy of ultrathin slices showed the presence of >100 
flagella; an angle of a protoplasmatic cylinder formed by flagella is from 1000 to 1400. The abundance of 
spirochaetae in the crystalline stalk varied from 6 to 50 cells per 100 mcm2. 

We have found no dependence in spirochaetae on seasons and mollusks habitats, as these bacteria 
were found during 2 years in different areas of the Southern Baikal and in different seasons. The occurrence of 
spirochaetae varied from 100 to 50%. It allows to suppose that the spirochaetae are not obligate inhabitants of 
the species B. baicalensis. The obtained data on morphology of these bacteria allow to relate them to the 
genus Cristispira but their length is less than one of unique known species of the genus Cristispira – C. Pectinis 
(from 13 to 25 mcm vs. 25–72 mcm). 

Further it is planned to carry out a molecular biological study to reveal the phylogenetic position of 
Baikalian spirochaetae and their role in mollusks life. 

This work is supported by SB RAS Integrative Project No 96 and RFBR grant No 10-05-011078.  
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FORMATION OF ASSOCIATED MICROFLORA DURING ONTOGENY OF BAIKAL OMUL 
Sukhanova Ye.V., Dzyuba Ye.V., Denikina N.N., Bel'kova N.L.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
sukhanova@lin.irk.ru 

Fishes intestinal microflora is an integral and necessary compound of their digestive tract playing an 
exceptionally important role in depolymerization and transformation of the food (Austin, 2002). Analysis of 
bacterial communities associated with mucosa of fish intestine showed that the microflora becomes formed 
already at larval stage of their development (Sakata, 1990; Strom, Olafsen, 1990; Ringo, Birkbeck, 1999). 
However, before leaving eggs the intestines of fish larvae is sterile, its primary colonization is influenced first of 
all by the microflora of egg surface (Verschuere et al., 2000). The microorganisms colonize the surface of 
fishes eggs during first hours after it incomes into water environment (Ringo et al., 1995; Hansen, Olafsen, 
1999; Verner-Jeffreys et al., 2003). Due to this fact, study of microbial community associated with fishes eggs 
surface becomes of great importance as it play a significant role not only in formation of sustainable microflora 
of larvae digestive tract, but also in its consequent functional differentiation (Campbell, Buswell, 1983; Muroga 
et al., 1987; Hansen et al., 1992; Munro et al., 1994; Ringo et al., 1996; Austin, 2002; Bates et al., 2006). The 
work was aimed to study of genetic diversity of associated microflora at different stages of Baikal omul 
development. 

We used as research material samples of fish eggs and water from incubators, larvae and different 
intestinal segments of underyearlings and of eugamic specimens of Baikal omul (Coregonus migratorius) of 
Posol'sk population from Bol'shaya Rechka fishery. Molecular genetic analysis was performed as described 
before (Bel'kova et al., 2009). Using group-specific polymerase chain reaction (PCR), we analyzed the 
presence of 11 different bacterial phylogenetic groups of different taxonomic level.  

The results of molecular genetic studies allowed to follow the regularity of formation of intestinal 
microflora in Baikal omul. The spectrum of the tested prokaryote groups in fish eggs and in incubator water 
coincide. In fish eggs samples the representatives of the following genera are determined: Sphingomonas 
(alpha-proteobacteria), Aquabacterium, Deefgea, Rhodoferax, Paucibacter, Undibacterium (beta-
proteobacteria), Flavobacterium (phyla Cytophages/Flavobacteria) and sequences of non-culturable symbionts 
of phyla Bacteroidetes. The digestive tract of larvae at the stage of endogenous nutrition is colonized 
exceptionally of microorganisms belonging to the class of alpha-proteobacteria, among the representatives of 
which mainly typical symbiotic organisms are described. In underyearlings, the representatives of the following 
genera are determined: Comamonas (beta-proteobacteria), Enterobacter, Pseudomonas (gamma-
proteobacteria), as well as unculturable representatives of phyla Bacteroidetes. In the intestines of eugamic 
specimens, additional beta-proteobacteria and cytophags/flavobacteria are revealed, and the representatives of 
the following genera are determined: Comamonas, Dechloromonas (beta-proteobacteria), Enterobacter, 
Pseudoalteromonas, Pseudomonas, Salmonella and Stenotrophomonas (gamma-proteobacteria). Hence, the 
formation of microflora in fishes digestive tract is not influenced by semination of fishes eggs. The formation of 
mature microflora in the intestines starts when larvae begin external nutrition.  

This work is done within RAS program No 26, sub-program 1, project 26.13. 
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EXPERIENCE IN CULTIVATION OF MYCOPLASMA FROM THE INTESTINE  
OF BLACK BAIKALIAN GRAYLING 

Sukhanova Ye.V., Dzyuba Ye.V., Denikina N.N., Nikiforova .I.*, Bel'kova N.L. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

*Irkutsk State Medical University, Center for Laboratory (ISMU CLD), Irkutsk, Russia 
sukhanova@lin.irk.ru 

While studying intestinal microflora of fishes of the family Thymallidae from different habitats, a new genotype 
of Mycoplasma is determined, it forms in the group «hominis» a cluster with sequences obtained from the 
intestine of Antarctic fishes of the family Notothenidae and called “Baikalian” (Sukhanova et al., in press). The 
phylogenetic analysis showed that it differs surely from the sequences of type species of the group «hominis» 
and can be a new species of Mycoplasma.  

The work is aimed to definition of the possibility of mycoplasma cultivation from the intestine of black 
Baikalian grayling at selective media for Mycoplasma hominis. The fragments of hindgut with its content were 
used for the analyses. For a quantitative estimation of Baikalian mycoplasma genotype we used a species-
specific Real-Time polymerase chain reaction (PCR) on the base of the laboratory «DNA-Practice» (Irkutsk). 
Cultivation was performed in the Center for Laboratory Diagnosis of Irkutsk State Medical University using a 
test-system for finding out, identification and semi-quantitative estimation of cells content («Mycoplasma-50»), 
sensitivity to antibiotics (doxycycline, tetracycline, josamycin, midecamycin, ofloxacin, ciprofloxacin, pefloxacin, 
sparfloxacin, levofloxacin, moxifloxacin, lincomycin, clindamycin) was determined using a test system 
«Mycoplasma-ACh-12» (Pasteur Research Institute of Epidemiology and Microbiology, Saint-Petersburg). The 
nutrient solution included in test systems «Mycoplasma-50» and «Mycoplasma– Ch-12» provides optimal 
conditions for the growth of M. hominis and suppresses the growth of protozoa, fungi, of majority of 
representatives of bacterial flora and of other mycoplasmas. The specificity of the medium used is due to the 
ability of M. hominis to hydrolyze the arginine up to ammonia, it allows to estimate the results of seeding 
visually by change of the color of -indicator.  

By cultivation results, we obtained a specific change in color of selective medium only in one of three 
samples analyzed during first 24 hours of cultivation. A high rate of growth of the mycoplasmas from the rear 
part of the intestine of black Baikalian grayling and the ability to hydrolyze arginine suggest its active state. 
Semi-quantitative analysis showed that cells content in this sample is 104 CFU/ml. Determination of sensitivity 
to antibiotics revealed the resistance of cultivated mycoplasma to all the antibiotics presented except 
doxycycline (tetracyclines group). The mechanism of antibacterial action of tetracyclines is based on 
suppression of microbial cell protein biosynthesis mechanism.  

In species-specific PCR, we estimated total amount of mycoplasma cells in the hindgut of black Baikalian 
grayling. In the test with positive result by cultural diagnosis, we determined 4.8×1011 cells in 1 mkg of total 
DNA. In one of two negative tests 1.1×1011 cells/mkg are detected, it suggests on higher sensitivity and wide 
perspectives of PCR-diagnostics. 
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The work is done within RAS program No 26, sub-program 1, Project 26.13. 
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STUDY OF THE ULTRASTRUCTURE OF SILICATED Fe-OXIDIZING BACTERIA 
Suslova .Yu., Zakharova Yu.R., Sorokovikova Ye.G., Parfenova V.V. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 
suslova@lin.irk.ru 

The question on biological destruction of such minerals as silicates and silicon oxides is very complicated. 
Some microorganisms play an important role in the mobilization of these compounds in the environment. 
Detailed mechanisms of these processes are not known to the full degree. However, it is evident that these 
biodegradation processes have a basic importance in the biological cycle of silicon oxide. 

To study cells morphology and character of depositions of silicon compound on the cell wall we 
performed an experiment with pure cultures of Fe-oxidizing bacteria. We selected 2 strains of Fe-oxidizing 
bacteria related to the genus Bacillus, strain BD12 (gram-positive bacilli of 2-3 0.5-1 mcm forming chains up to 
30 cells covered with sheathes and forming spores during first 24 h) and a strain BD70 (single, seldom double 
bacilli 2 1 mcm forming spores at 3rd-4th day after cultivation) In this work we used sterile Baikal water with two 
silicon concentrations of 1m  and 5 m , where sodium silicate served as a silicon source. The dynamics of 
bacterial growth was accounted by quantitative method of Vinogradsky-Brid (Yegorov, 1983) under an 
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epifluorescent microscope with DAPI staining (4',6-diamidine-2-phenylindol). This method showed that in the 
beginning of the experiment, the majority of cells in the sheaths covering the chains are alive, while after 96 h 
of the experiment the amount of cells died out in the sheaths increases. 

Thanks to the analysis of ultrathin slices with transmission electronic microscopy (TEM) it is shown (Fig. 
1) that cells from the strains BD12 and BD70 are able to precipitate the silica mainly onto the sheath surface. In 
the cases when the cells are covered with sheathes, it is completely silicificated and covered with loose silica 
deposits. After 6 h of the experiment, we noticed in both cultures mainly alive cells with loose silica deposits on 
the sheathes surface (Fig. 1 ), there were single completely mineralized cells (Fig. 1 ). After 24 h of the 
experiment, in BD12 culture, we observed mass of alive spore-forming cells, silica conglomerates which 
substituted died cells occurred more often than in the beginning of the experiment (Fig. 1 ). A peculiarity of 
BD70 strain silicification can be bulk death of cells (alive cells were single) with complete substitution of their 
content with silica at 24th hour of the experiment (Fig. 1 ). We did not reveal any species specific peculuarities 
in the silica deposits structure. 

Thus, it is shown that during cultivation of Fe-oxidizing bacteria of the genus Bacillus sp. With sodium 
silicate, there occurs a rapid deposition of the silica onto the surface of cells and on the sheathes covering them 
with subsequent formation of conglomerates of cells and silicon of high density. According to growth dynamics, 
active process of their development occurs in a logarithmic phase, after that, due to silicification, the growth 
ability becomes slower, cells die. Dead cells are silicificated completely, their content is substituted by loose 
silica deposits which then form a layered mass without conserving the shape and ultrastructure of separate 
cells. 
One can conclude that the used Fe-oxidizing bacteria are able to precipitate the silica on the surface structures 
of a cell with subsequent complete silicification being one of the stages of silicon cycle in Pre-Baikalian thermal 
springs ecosystem. 

The work is done within the program «Biosphere origin and evolution » No 18.4 and supported by RFBR 
grant 10-05-01078 and «Domestic Science Promotion Foundation». 
 

 
 
Fig. 1 Experiment for silicification of the strains of Bacillus sp. BD12 and 70 with 1 mM sodium silicate. ,   – strain 
BD12 (6 h),  – formation of joining sheaths from amorphous siliceous structures, 1 mcm scale.;  – strain BD70 (24 h of 
cultivation), 0.5 mcm scale (  Bacillus sp. 12 70  1 mM : 
,  –  12 (6 ),  - ,  

1 .;  - 70 (24 ),  0,5 ). 
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DIVERSITY OF ALKALIPHILIC CYANOBACTERIA OF SOUTHERN TRANSBAIKALIA 
Tsyrenova D.D., Namsaraev B.B. 

Institute of general and experimental biology SB RAS, 6, Sakhyanovoy str., Ula-Ude 670047, Russia 
baldanovaD@rambler.ru 

The purpose of the present work is the study of species’ diversity and ecophysiology of cyanobacteria of saline 
and soda-saline lakes of Southern Transbaikalia. Twelve lakes were studied from 2004 to 2009. 28 species of 
cyanobacteria were found in these lakes. Greatest quantity (11 species) was registered in lakes with salinity 
from 5 to 7 g/l (lakes Sulphatnoe, Verkhnee Beloe, Solenoe). The least quantity (2 species) was registered in 
brines of Babie, and Tsagan Nur. Genera Leptolyngbya (7 species) have been mostly widespread. Other 
genera were not numerous. 10 species were shown for the first time. These are Leptolyngbya, Phormidium, 
Anabaena, Arthrospira, Chroococcus, Jaaginema, Pseudanabaena and Trichodesmium. 

Six monocultures of cyanobacteria were isolated from bottom sediments and microbial mats of lakes. 
Cultures Cya 1 and Cya 2 were isolated from cyanobacterial mats of Sulphatnoe and Ekhe Torom. On 

the basis of the morphological characteristics cultures were identified as Oscillatoria brevis (Elenkin, 1949) or 
Phormidium breve (Komárek and Anagnostidis, 2007). On the basis of the analysis of sequences of a gene 
16S rRNA cultures Cya 1 and Cya 2 were concerned to Phormidium sp. NIVA-CYA 202 (99.2 %). Optimal 
conditions of growth of these cultures were pH 9.5 and salinity 1-5 g/l. Range of growth of cultures to 100 g/l 
NaCl. 

Culture Cya 4 was isolated from cyanobacterial mat of Sulphatnoe. On morphology culture was identified 
as Phormidium frigidum (Elenkin, 1949) or as Pseudanabaena frigida (Komárek and Anagnostidis, 1998). 

Cultures Cya 5 and Cya 6 were isolated from a dry crust of Khilganta and lake Gorbunka silt. These were 
defined as Anabaena sibirica (Gollerbah, etc., 1953) or Nodularia sp. (Namsaraev Z.B., the unpublished data). 
Cultures were alkaliphilic (range of growth at  8.5-9.5, optimum at  9.5) and halotolerant (range of growth 
0-100 g/l NaCl, optimum at 1-20 g/l) organisms. For the first time for Nodularia is shown development at 
concentration NaCl to 100 g/l. Known cultures in literature Nodularia are capable to develop at salinity not 
above the sea. 

Culture Cya 10 was isolated from dry crust of Khilganta and was identified as Phormidium sp. (Komárek 
and Anagnostidis, 2007). On the basis of the phylogenetic analysis culture were carried to Oscillatoria cf. 
laetevirens Baja-Osc-1 (99.0 %) and Phormidium sp. UTCC 487 (98.9 %). Culture was considered in genera 
Phormidium, instead of Oscillatoria because the nomenclature of cyanobacteria is in a reconstruction stage. 
Culture Cya 10 was growing at salinity from 0 to 50 g/l, optimum at 5 g/l. Optimum  was 8.5. 

Thus, at studying of taxonomic structure of cyanobacteria lakes 28 species were founded. 10 from which 
are found out for the first time. Six monocultures of cyanobacteria were isolated from sample of the investigated 
lakes. The studied organisms were moderated alkaliphilias and have a wide range of development from 0 to 
100 g/l NaCl. 
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Work is executed with support of grants of the Ministry of Education and Science of the Russian 
Federation  2.1.1/2165, scientifically educational centre "Baikal", Presidium of the Siberian Branch of 
the Russian Academy of Science  38 and 95. 
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THE 16-th JOINT SEMINAR ON REGIONAL DEPOSITION PROCESSES IN THE ATMOSPHERE. 16-  
 

 

5. TRANSPORT OF NATURAL AND ANTHROPOGENIC SUBSTANCES IN ATMOSPHERE AND ON THE 
INTERFACE WATER-AIR.  

.  

DISTRIBUTION OF NANOAEROSOL CONCENTRATION WITHIN THE ATMOSPHERIC BOUNDARY 
LAYER OVER LAKE BAIKAL 

Arshinov M.Yu.*,**, Belan B.D.*, Paris J.-D.***, Ciais Ph.***, Nedelec Ph.**** 
*V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

**Tomsk State University; 36, Lenin avenue, Tomsk 634050, Russia 
***Laboratoire des Sciences du Climat et de l’Environnement,  

CEA Saclay 91191 GIF SUR YVETTE Cedex, France 
****Laboratoire d’Aérologie, UPS-CNRS; 14 avenue Edouard Belin, 31400 Toulouse, France 

michael@iao.ru 

In-situ measurements within the atmospheric boundary layer over Lake Baikal were carried out in the 
framework of Russian State Contract “Study and development of the technique of operative air quality 
monitoring in the maritime cities and resorts” and International Project YAK-AEROSIB “Investigation of 
atmospheric pollution transport from Europe to Siberia”. 

In previous studies (Arshinov and Belan, 2004; Paris et al., 2009), we used airborne automated diffusion 
battery (ADB) to measure nanoparticle concentration in the free troposphere (FT) in two size ranges (3-70 nm 
and 70-200 nm), which was designed at I CK&C SB RAS (Ankilov et al., 2002). This ADB was modified in 2008 
to measure particles in three size ranges of 3-6 nm, 6-21 nm, and 21-200 nm. This enabled to estimate new 
particle formation in the free troposphere more correctly due to particles of the first size range has minimal 
lifetime in the atmosphere. Another specific feature of airborne campaigns carried out in 2008 was that one of 
them was performed under the POLARCAT Programme in the framework of the International Polar Year by the 
following route: Novosibirsk-Salekhard-Khatanga-Chokurdakh-Pevek-Chokurdakh-Yakutsk-Mirny-Novosibirsk. 
Thus, we had a possibility to compare measurement results obtained in the high- and mid-latitude free 
troposphere with those over Lake Baikal. The flight pattern of campaigns is presented in Figure1.  

New particle formation (NPF) events occurred in the free troposphere were identified by similar criteria as 
Paris et al. (2009) used, but in present study we used ratios of particle concentration in the new size ranges: 
R1=N3-6/N6-21  R2=N3-21/N21-200. So, when the data satisfy the following criteria N3-6>10 cm-3, N3-
6/N6-21>1 and N3-21/N21-200>0.5 simultaneously, the NPF is quite intensive. The data obtained during two 
intensive measurement campaigns showed that about 44% of them can be related to the new particle 
formation. At the same time, more favourable conditions are observed between 5 and 7 km (48%). 

In spite of fair weather conditions observed during measurements carried out over Lake Baikal, no any 
significant event of NPF were revealed (Fig. 2). Concentrations of ultra-fine particles (d<20 nm) were even 
lower than ones observed in the mid-latitude FT or comparable with those typical for polar FT (see Table 1), 
and concentration of bigger particles (21-200 nm) was significantly higher than one of ultra-fine range. At the 
same time, when flying up to the lake from Bratsk city, new particle formation had been recorded at the heights 
of 4-5 km.  

Analysis of the satellite images showed that stratus cloudiness was observed over Baikal region, but over 
the lake itself it was cloudless. This means that downward air motions occurred over a cold lake surface leading 
to the adiabatic heating and evaporation of cloud drops. Taking into account that processes of nucleation and 
following growth of critical embryos up the nanoparticle sizes is a continuous competition between the 
condensation and evaporation of aerosol precursors, downward motions can suppress gas-to-particle 
conversion. 

The present work is funded by ANR grant BLAN06-1_137670, CNRS, CEA, the French Ministry of Research, the 
French Ministry of Foreign Affairs (YAK-AEROSIB project), the Norwegian Research Council as part of POLARCAT-
Norway, RFBR grants 08-05-92499 and 09-05-10020, and Russian Government (State Contracts No 02.518.11.7153 and 
02.515.11.5087). 
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Table 1. Mean and median number concentrations (cm-3) observed in the FT over high- (HL), mid-latitudes 
(ML), and within the boundary layer over Lake Baikal during campaigns 2008 (  

 ( -3)). 

Region Mean Median STD 
 N3-200 N3-6 N6-21 N3-200 N3-6 N6-21 N3-200 N3-6 N6-21 

HL 3-5  
5-7  

237 
347 

77 
157 

42 
79 

212 
248 

35 
61 

42 
63 

161 
294 

148 
277 

23 
58 

ML 3-5  
5-7  

682 
855 

226 
307 

147 
225 

410 
598 

81 
152 

87 
148 

830 
838 

539 
490 

203 
227 

Baikal 25.07.2008 
Baikal 28.07.2008 

0.6-1.0  
0.6-0.8  

765 
1027 

77 
89 

95 
126 

529 
975 

55 
94 

60 
120 

462 
183 

73 
49 

95 
48 

 

 
Fig.1. Flight pattern of airborne campaigns: a) YAK-AEROSIB/POLARCAT (7-12 July, 2008); b) YAK-AEROSIB (21-28 July, 
2008); c) over Lake Baikal. Numbers denote the order of flights ( : ) YAK-AEROSIB/POLARCAT (7-12 

 2008); b) YAK-AEROSIB (21-28  2008); c) . .  
). 

 
Fig. 2. Time series of measured altitude, virtual potential temperature ( v), particle number concentrations (N), CO and O3 
mixing ratios, and water vapour mixing ratio (WVMR): 25 July 2008 (left) and 28 July 2008 (right)(  

,  ( v),  (N),  
3,  (WVMR): 25.07.2008( ); 28.07.2008( )). 
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SPATIAL DISTRIBUTION OF ATMOSPHERIC COMPOUNDS OVER LAKE BAIKAL ACCORDING TO 
AIRBORNE SOUNDING IN JULY 2008 

Arshinova V.G., Belan B.D, Simonenkov D.V., Rasskazchikova T.M., Fofonov A.V. 
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

bbd@iao.ru 
 

In summer 2008, in the framework of the program for investigation of air basin in Lake Baikal we performed two 
flights onboard aircraft-laboratory “Optic-E” of the Institute of Atmospheric Optics of SB RAS. The airborne 
measurement system included meteorological sensors, aerosol particles counter, and analyzers for 3, , 

2, SO2, and NOX (NO-NO2). 
Flights passed in different parts of the region under various weather conditions. On July, 25 we 

investigated the north part of Lake Baikal; the weather was sunny and weak-windy. On July, 28  we 
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investigated middle part of the lake (Central Baikal); but the weather was much more windy with storm waves 
on the water surface and cloudy in southward. 

The boundary between the study regions was on longitude of the north-east edge of the Olkhon Island 
that really divides Lake Baikal on the north and the south parts. Thus, the measurement results should be 
considered as separate researches for two air basins under different weather conditions. Besides, all data were 
obtained for the layer between 500 – 1000 meters over the lake surface. 

Both flights had the same scheme. Firstly, the plane  was flying along the coast line and then multi-
crossed the lake on different altitudes and courses. We obtained the patterns of vertical and spatial distribution 
of the data under study. 

In the first flight, when plane was approaching the Olkhon Island from north-eastward, overfalls for 
temperature, humidity, and a number of gas constituents (examplified by ozone, Fig. 1) were registered that are 
related to local air circulation. The second flight measurements displayed even distributions of each parameter 
under study above Central Baikal. This situation was caused by good vertical and horizontal air mixing within 
the after-storm air masses. 

Thus, our airborne sounding revealed the peculiarities of distribution of air masses in the lake basin. In 
particular, it was confirmed that the mountain ranges of the Olkhon Island and St. Nose Peninsula substantially 
affect the air exchange between the south and the north parts of Lake Baikal. 
This work is supported by the Program No. 16 of Presidium of RAS, Program No. 5 of the Branch of Geology, 
Geophysics, Geochemistry and Mining Sciences of RAS, Russian Foundation for Basic Researches (grant No. 
08-05-92499), Ministry of Education and Science of Russian Federation (grants  02.515.11.5087 and 
02.518.11.7153). 
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Fig.1 Spatial distribution of ozone over the north part Lake Baikal, data of airborne sounding July, 25, 2008 
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SYNCHRONOUS MEASUREMENTS OF SURFACE OZONE NEAR THE “WATER-ATMOSPHERE” 
INTERFACE IN LAKE BAIKAL 

Ayurzhanaev A.A., Zhamsueva G.S., Zayakhanov A.S., Tsydypov V.V. 
Department of physical problems BSC SB RAS, 6, Sah'janova St.,Ulan-Ude 670047, Russia 

lrf@pres.bscnet.ru, lmza@mail.ru 
 

The report presents the results of measurements of the surface ozone concentrations and meteorological 
turbulent characteristics of the atmosphere near the "water-atmosphere” interface in Lake Baikal. Investigations 
were carried out simultaneously on the lake shore and 500 meters distance from the litoral zone at the scientific 
station “Boyarsky”.  

A considerable difference in the surface ozone concentrations at different sites of observations was 
established caused by the dynamic characteristics of the atmosphere. The analysis of 3 concentrations and 
temperatures measured at two sites of observations has revealed that in the case of ground temperature 
inversion, the higher temperature difference the higher ozone concentration is observed. Stable stratification 
prevents the vertical exchange of substance, so in the evening and night-time the ozone concentrations on the 
shore, where the turbulent exchange is not developed, was lower compared to that at “Boyarsky” station. 

The influence of the underlying surface and orographic features on the daily distribution of meteorological 
and turbulent parameters of the atmosphere was examined. It was found that in general, thermal stratification 
of the atmosphere in the site of observation is changing due to differences in the types of underlying surface 
and complex relief. So, the surface layer may be distinguished, which is characterized during inversions by the 
average wind speed and the coefficient of turbulence 2 m / s and 0.18 m2 / s, respectively. At the same time, at 
the “Boyarsky” station, these values were 0.4 m / s and 0.28 m2 / s. Thus, air flows in the surface layer are of a 
more laminar character than at the “Boyarsky” station despite the higher wind speed.  

This work was supported by RFBR grant  08-05-98007 and the Integration Project of SB RAS  3.23. 
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ORGANIC MATTER IN SNOW COVER OF THE BAIKAL REGION  
Bashenkhaeva N.V. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
nvb@lin.irk.ru  

The purpose of this study was to determine the concentration of organic matter (OM) in the snow water in the 
Baikal region and to evaluate its total accumulation (G) in snow cover during the winter (since November till 
March). Investigation was performed via determination of the chemical oxygen demand with the permanganate 
as the oxidizing agent (CODperm), the method, which is widely used to examine the content of organic matter in 
fluvial waters (Skopintsev, 1950; Votintsev, 1961). 

The results obtained (Table) show that the concentrations of Corg are high in snow cover of all the cities 
studied. Despite the significant scatter of values, the average Corg contents measured in the snow waters are 
close to each other in all the cities of the Baikal region. The exception is the city of Usolie-Sibirskoe, 
characterized by lower Corg concentrations in snow water and Corg accumulation in the snow cover compared to 
the other cities. The most polluted snow cover was found in the cities of Shelekhov and Angarsk. Comparison 
of the data obtained in the filtered and unfiltered samples shows that the percentage of particulate OM in the 
snow water of the cities reaches 48-70% of the total OM content. 

In the vicinity of Irkutsk, the snow cover is the most polluted towards the Irkutsk-Novogrudinino direction: 
OM in the snow water and the level of OM accumulation in the snow cover are higher compared to those 
recorded on the profiles Listvyanka-Irkutsk and Irkutsk-Bol’shoe Goloustnoe. However, the concentration of 
particulate OM is significantly lower in this place, since the main pollutants in this area come from the motor 
transport, supplying mainly dissolved forms of OM.  

The OM concentration in snow water, as well as OM accumulation in snow cover depend on the water 
reserve and widely vary in different directions from Irkutsk. However, in all cases they are lower compared to 
those recorded in snow cover of the cities. 

The lowest OM concentrations and minimum level of OM accumulation were observed in the south coast 
of Lake Baikal. In this area, the OM concentrations were 3-13 times lower compared to the industrial cities of 
the region. According to the Corg concentration in snow water, this area is close to the clean areas of the Altai, 
and it can be considered as the background territory of the Baikal region. 
This work was partially supported by RFBR (projects 08-05-98058a and 08-08-00100).  

 
Table. The content of Corg in snow water and the level of its accumulation in snow cover in the Baikal region in 2010. The 
range of values is shown in numerator, the average – in denominator (  

 2010 . ,  
 – ).  

org, mg/dm3 G1, mg/m2 org, mg/dm3  G1, mg/m2 
 

Sampling site 

unfiltered filtered 

G1/G2 

Irkutsk city 2,50-10,89 
6,45 

121-829 
348 

1,46-4,89 
2,91 

64-227 
151 

1-3 
2 

Shelekhov city 2,50-17,58 
8,01 

122-1053 
484 

0,6-6,86 
2,60 

57-358 
156 

1-7 
3 

Usolie-Sibirskoe city 1,98-9,57 
4,37 

77-481 
285 

0,94-4,78 
2,18 

72-236 
148 

1-4 
2 

Angarsk city 1,46-30,37 
7,90 

105-1215 
377 

0,83-7,49 
2,39 

38-258 
113 

1-11 
4 

Direction Irkutsk-Listvyanka 1,25-3,64 
2,60 

96-297 
200 

0,83-4,16 
1,77 

60-284 
138 

1-4 
2 

Southern coast of Lake Baikal 0,73-2,29 
1,35 

22-68 
38 

0,62-1,3 
1,0 

12-56 
29 

1-2 
1 

Direction Irkutsk-Bol’shoe Goloustnoe 0,62-5,30 
2,70 

45-399 
180 

0,52-2,70 
1,25 

38-205 
83 

1-4 
2 
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Direction Irkutsk- -Novogrudinino 2,60-4,99 
3,54 

152-433 
280 

1,66-4,16 
2,60 

95-356 
204 

1-2 
1 
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ATMOSPHERIC AEROSOLS OVER RIVERS OF CENTRAL RUSSIA 
Biryukov Yu.*, Zagaynov V.*, Agranovski I.*, Uvarova L.***, Kostin V.**,  

Kiselev D.M.**, Kazarova T.***, Krivenko I.*** 
*Karpov Institute of Physical Chemistry, 10, Vorontsovo Pole, Moscow 105064, Russia 
**State Academy of Water Transport, 2, Novodanilovskaya, Moscow  117105, Russia  

***Moscow State Technjlogical University “STANKIN”, 1, Vadkovskiy er., Moskow 127994,  
zagaynov@cc.nifhi.ac.ru 

The results of measurements of atmospheric aerosols along three rivers (Moscow river, Oka river and Volga 
river) of Central Russia are presented. Atmospheric particle size distribution and concentration were measured 
along the entire route by a Diffusion Aerosol Spectrometer (Zagaynov et al., 2006). Each measurement 
provided the information about total particle concentration, mean particle size, particle size distribution in 
nanosize spectrum and histogram of submicron aerosols. These measurements allowed acquiring 
comprehensive information on the aerosol generation and transport along the rivers of Central part of Russia. A 
very important interaction of aerosol sources of aquatic and terrestrial origins along with their transport and 
interaction with pollutants from industrial sources situated along the rivers were studied. To separate sources 
and obtain source specific information, a method of flicker noise spectroscopy (Timashev, 2006) was 
employed. This method enabled to extract specific information related to each particular source from large size 
data base obtained by monitoring exercise. The results are presented in Fig.1. 

The graphs show that averaged particle concentration fluctuates at relatively low magnitudes with some 
distinctive bursts exceeding the background by orders of magnitude. It could be explained by the fact of 
capturing of exhaust gases from neighboring boats by our measuring system. 

The main goal of this study was to evaluate effects of anthropogenic sources on the aerosol state in the 
atmosphere. To achieve these outcomes, we found a correlation between total and submicron size particle 
concentrations and distributions. The results will be presented at the Conference. 
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Fig.1. Evolution of total concentration (red line) and submicron size particles (green line) during one day: bottom scale – 
time, left scale - total concentration (per cm-3), right scale – submicron size concentration (per cm-3) (  
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EXTREMOPHILOUS COMMUNITIES AND CHEMISTRY OF THE ULTRAPURE ICE  
IN LAKE BAIKAL, SIBERIA 

Bondarenko N.A, Belykh O.I., Golobokova L.P., Artemyeva O.V., Logacheva N.F., 
Tikhonova I.V., Terkina I.A., Kostornova T.Ya., Parfenova V.V., Khodzher T.V. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
khodzher@lin.irk.ru 

Freshwater ice organisms seem to be an overlooked research object so far, although marine communities from 
the Polar ices are well known (McRoy et al., 1972; Horner, 1976; Dunbar, 1979; Mel’nikov, 1989; Falk-Petersen 
et al., 2000; et al.). A community including bacteria, algae, flagellates, and ciliates was discovered in the 
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freshwater ice containing a larger amount of liquid phase in Alpine and Pyrenean lakes (Felip et al., 1995). 
Besides living biological assemblages trapped in the interstitial water between ice crystals, the ice-cover 
underside was overgrown by algae during the period of intensive consolidation and freshwater-ice melting, 
originally registered on Amur River (Yur’ev, Lebedev, 1988). Records of the freshwater-ice algae were made in 
the river Belaya and the lake Kandry-Kul (Shkundina, 1988) and also in St. Lawrence River (Frenette et al., 
2008). A distribution of chlorophyll concentrations and photosynthetic activity coefficients of ice algae was 
studied in Kantatsky Water Reservoir and Lake Baikal (Zavoruev, 2000). A finding of cryophilic communities in 
the Baikalian ultrapure ice (Obolkina et al., 2000; Bondarenko et al., 2000, 2006; Timoshkin, 2001; Bordonsky 
et al., 2003) was a surprise to limnologists. Ice communities have been proven to be one of keystone elements 
in the Lake Baikal ecosystem.  

The present work purposes to distinguish elucidating specific photo- and heterotrophic constituents of the 
Baikal icy assemblages and to assess their life-activity impact on the chemical composition of the ice. The 
studies were carried out during the 2007-2008 ice-cover period in the southern basin of Lake Baikal. Sampling 
sites were located in the vicinity of Beriozovy Cape 4 km far from its eastern coast. Ice core samples were 
obtained by drilling a large block of the ice appoximately 0.25 2 in square of the lake ice-cover. Under sterile 
laborotary conditions, the core was separated into segments 10-15 cm long cut off preliminaryly the external 
edges up to 10 cm in order to avoid external contamination. 8 cores in total were collected and analyzed.  

Recent chemical and biological studies have offered new insights into the secrets of the Baikalian ice. 
Examination of the heterotrophic and phototrophic constituents of the ice communities showed that most 
conspicuous organisms inhabiting its freshwater ice-cover, as well as marine and river ice, were algae, at first, 
diatoms, and dinoflagellates. Planktonic and benthic algae have been found to be abounded in these ices and 
their species composition was consistent with several different mechanisms for incorporation of extremophiles 
into the ice. The spatial distribution of ice organisms was non-homogeneous. Their maximal amounts were 
observed in the cores collected near the lake coast. The quantitative composition of the ice inhabitants showed 
that the concentrations of bacteria, cyanobacteria, actinomycetes, and algae registered at the lake deep-waters 
were lower. The Baikalian icy inhabitants exhibited decreasing by more than an order of magnitude in silica, 
phosphorus, and nitrate concentrations during their life cycles. Destruction of ice organisms contributed to 
enhanced ammonium concentration and appearance of nitrites. Densely populated core-layers were 
characterized by changes in the water type referred to as hydrocarbonate, for sulfate or nitrate. Significant 
changes in the chemical composition of the ice along its layers where living organisms were abundant testified 
to high vital activity of extremophiles in Lake Baikal.  
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QUANTIFICATION OF DRY AND WET DEPOSITIONS IN THE BAIKAL REGION 
Golobokova L.P., Netsvetaeva O.G., Khodzher T.V. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
r431@lin.irk.ru 

The intensity of deposition of chemicals on the earth's surface depends on meteorological conditions as well as 
physical and chemical properties of the underlying surface. It is extremely difficult to perform direct 
measurements of dry depositions, therefore they are very few in number. More often, there are data on the 
depositions coming with the atmospheric pprecipitations. In the Baikal region, dry depositions used to be 
measured on the water surface at some stations located in the coastal areas of Lake Baikal (Obolkin et al., 
1990). More detailed studies were conducted at the monitoring stations of atmospheric depositions Mondy, 
Listvyanka, and Irkutsk (Russia) (Golobokova et al., 2007). However until now, there are not data on joint 
deposition of the substances with dry and wet atmospheric depositions to the underlying surface in the Baikal 
region. This work aims to assess the total deposition of substances from the atmosphere, including the 
deposition of acidic components in the Baikal region. The estimates are based on  the long-term data on the ion 
composition of precipitations and soluble fraction of the atmospheric aerosols. 

Data obtained at the monitoring stations of the Baikal region show the unevenness of deposition of 
substances on the underlying surface, even within the same region. The quality and quantity of deposited 
substances is affected, in addition, by the level of anthropogenic load experienced by the study area. The 
calculations show that during the years 2000-2009, on average 3.9 kg / ha of the total mass of ions has annualy 
precipitated  with the soluble fraction of atmospheric aerosols in the Irkutsk region, varying from 2.4 kg / ha in 
2006 to 6.7 kg / ha in 2001. At Listvyanka, this value was about 2.5 kg / ha, varying from 1.2 kg / ha in 2005 to 
4.5 kg / ha in 2000. The lowest fluxes of soluble substances, on average 0.7 kg / ha per year, were registered 
in the background station Mondy. 

The highest annual wet deposition of ions caused by their higher concentrations in the atmospheric 
precipitations, was recorded in Irkutsk: on average 41.7 kg / ha of ions. The highest flux of ions was registered 
in 2008 (50.1 kg / ha) and the lowest - in 2006 (29.4 kg / ha). At Listvyanka, the annual flux of ions is much 
lower, on average 19.1 kg / ha, with variation from 16.4 kg / ha (2006) to 26.2 kg / ha (2004). At Mondy, the 
deposition of ions is 5 times lower than in Irkutsk due to low concentrations of ions and small amounts of 
precipitations. The maximum was recorded in 2007 (12.9 kg / ha), the minimum - in 2008 (5.5 kg / ha).  

In Irkutsk, the average annual deposition of sulphates with precipitations is 14.6 kg / ha; the maximum of 
19.5 kg / ha was registered in 2008. At stations Listvyanka and Mondy, these values were 2 and 6 times lower, 
respectively. At stations Irkutsk and Listvyanka, the wet depositions of nitrates are close to each other (5.4 and 
5 kg / ha), at Mondy station it is 3 times lower. In Irkutsk, the annual fluxes of ammonium ions with 
precipitations (2.8 kg / ha) are 2 and 3 times higher compared to those at stations Listvyanka and Mondy. Wet 
deposition of hydrogen ions is the highest in Listvyanka: on average of 0.07 kg / ha. In Irkutsk, this value is 1.5 
times lower. The maximum deposition at these stations (0.09 kg / ha) was recorded in 2006 and 2008. At 
Mondy station, the deposition of hydrogen ions was only 0.01 kg / ha.  
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ESTIMATION OF DRY DEPOSITION CONTRIBUTION TO ATMOSPHERIC ACIDIFIED COMPOUNDS 
FLUXES OVER SIBERIA, FAR EAST AND EUROPEAN PART OF RUSSIA 

Gromov S.A. 
Institute of Global Climate and Ecology, 20-b, Glebovskaya st., Moscow 107258, Russia 

Sergey.Gromov@igce.ru 

Dealing with environmental problems related to a complex of phenomena under the common name "acid rain", 
requires a sufficiently reliable determination of acidifying compound deposition from the atmosphere to the 
underlying surface. One of the main issues is the availability of reliable long-term measurement data on sulfur 
and nitrogen compounds in air and precipitation at the regional level. The characteristic of observational 
networks in Russia associated with the monitoring of acid deposition are provided on: EANET (Acid Deposition 
Monitoring Network in East Asia, international), EMEP (European Monitoring and Evaluation Program of 
Transboundary Air Pollution, international), a PCC&A network (chemical composition and acidity of precipitation 
network, national), snow cover pollution monitoring network and IBMoN (Integrated Background Monitoring 
Network, national). Approaches used in these networks how to calculate wet and dry deposition of substances 
are reviewed as well as the ways to provide the necessary meteorological information. A progress on 
methodological support developed to calculate dry deposition and to conduct regular assessment of flows is 
evaluated among the mentioned monitoring networks. The calculating the flow of substances from the 
atmosphere is considered by the application of technique with the use of dry deposition velocities (inferential 
method) averaged for different weather conditions and seasons. The results of calculations for both types of 
flows from the atmosphere are presented for sulfur and nitrogen compounds as well as major cations at the 
EANET stations. The contribution of dry deposition fluxes was estimated to be about 44-50% of the total 
atmospheric loads of sulfur and nitrogen oxides over the southern regions of Siberia and Far East of Russia. A 
comparison was done of the values obtained from these calculations with the results published by other 
monitoring networks in Russia as well as presented in scientific publications. The inter-annual and seasonal 
variations of dry deposition fluxes were analyzed for sulfur and nitrogen compounds at the EANET stations for 
the period of 2000-2009. It is noted that over the Asian territory of Russia (ATR) there was no indicated 
reduction of the sulfur oxides concentrations in air and, consequently, of dry deposition fluxes intensity, in 
contrast to the results of EMEP measurements. However, the level of concentrations and deposition are 
conspicuously lower than over European territory of Russia (ETR). The pathways in the atmosphere for certain 
periods with the measured higher concentration data of sulfur and nitrogen oxides were analyzed through 
application of the NOAA trajectory model. The level of substances in air of study regions is demonstrated to be 
mainly determined by atmospheric transport from sources in Russia. Nevertheless, the existing monitoring 
network has no capability to assess the transboundary pollution transport to ATR with sufficient reliability as 
well as to evaluate spatial variations of regional air pollution. The proposals were presented on the 
development of EANET and IBMoN over ATR for 2011-2015. 
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SPRING DYNAMICS OF THE CO2 EXCHANGE IN LITTORAL ZONE OF LAKE BAIKAL 
Domysheva V.M., Sakirko M.V., Pestunov D.A. *, Panchenko M.V. * 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
* V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

hydrochem@lin.irk.ru, pmv@iao.ru 

The spring period begins since the lake surface is clearing from the ice in May and proceeds until the middle of 
July. It coincides with the annual maximum of solar radiation, which results in fast warming of surface waters 
and intensive mixing of the water column. During this time, the species diversity of water plants and their 
quantitative characteristics increase (Pomazkina et al., 2010). Hence, in this period there are the greatest 
transformations in the gas excange of the carbon dioxide between the water surface and the atmosphere. The 
amplitude of the diurnal fluctuations in the CO2 concentration in the water increases from May till July (Fig. 1). 

The biota development and intensive process of photosynthesis leads to decrease of the mean 
concentration of carbon dioxide in the water. As a result, not only the value of CO2 flux in the water, but also its 
direction in the “water – atmosphere” system are changing.  

On the whole, it follows from the data obtained in May that the total average daily 2 flux is close to 
zero. It should be noted, that, under May conditions, at poorly pronounced amplitude of the diurnal 2 
fluctuations, we could not correctly perform measurements using the ventilated chamber. Sporadic arrivals of 
the ice residues from the open part of the lake cause the decrease of pH values when the ice is melting and 
that results in increase of the carbon dioxide concentration in the water. The results of measurements 
performed using the closed chamber show that there is weak flux of carbon dioxide from the water surface into 
the atmosphere in middle May.  

In June, considerable increase of the amplitude of diurnal fluctuations of CO2 concentrations is observed. 
However, as the intensity of CO2 emission from the water are comparable with the CO2 sink from the 
atmosphere, the total daily flux is small. The mean sink measured in June 2007-2009 is 22 mg CO2 m-2day-1. 
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The tendency of the amplitude of diurnal CO2 fluctuations in the water and CO2 sink from the atmosphere to 
increase, continues until August. In particular, the mean flux reaches 70 mg CO2 m-2 day-1 by the middle of July. 

The work was supported in part by Russian Foundation for Basic Researches (grant No. 08-05-00258) 
and Program of basic researches of Department of Earth Sciences RAS No. 10.1.  
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Fig. 1. Mean diurnal fluctuations of the concentration of carbon dioxide in the surface water in littoral zone of 
Lake Baikal (  
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STUDY OF SIZE FRACTIONS OF THE ATMOSPHERIC AEROSOL NEAR THE MAJOR SOURCES OF 
ATMOSPHERIC POLLUTION IN THE IRKUTSK REGION 

Filippova U.G., Golobokova L.P., Khodzher T.V., Chipanina E.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

ulyana@lin.irk.ru 

Atmospheric aerosols significantly affect the quality of the environment, climate, chemistry and physics of the 
atmosphere. Therefore, in recent years, attention to the study of the atmospheric aerosols is growing steadily. 
Physico-chemical properties of the aerosols depend strongly on how chemical compounds are the distributed in 
the particles of different sizes. Aerosols in the atmosphere are presented in a wide range of sizes - from 10-3 - 
10-4 to 102 microns. 

In practice, so-called coarse and fine fractions of aerosols are considered. There are two recognized 
borders of separation of these fractions: 10 microns (PM10) – are used in ecology (particles <10 microns most 
of all deposite in the man respiratory tract); 2.5 microns (PM 2.5) - are important in studies of long-range 
transport of atmospheric pollutants (it is considered that particles smaller than 2.3 microns are transported 
hundreds and thousands of kilometers from the sources). Multi-stage impactors of different designs are using 
for a more detailed separation of aerosol into size fractions.  

In this work, the fractional chemical composition of aerosols sampled in February and December 2009 in 
the atmosphere of the cities of Irkutsk and Shelekhov, which are major industrial centers in south-western part 
of the Irkutsk region are considered. In the city of Shelekhov, the sampler was placed at a distance of 500-1500 
m from the main sources of air pollution – Irkutsk Aluminum Plant (IAP) and heat power plant (IHPP), in Irkutsk 
sampling was carried out in the city center.  

Six-stages high volume aperture cascade impactor produced by «Tisch Environmental inc.» company, 
Model TE-236 was used to sample the atmospheric aerosols of different size fractions. Impactor TE-236 
samples the following size fractions: > 10.2; 10.2-4.2; 4.2-2.1; 2.1-1.3; 1.3-0.69; 0.69 -0.39 microns. Deposition 
of particles on each stage was carried out on filters «Whatman 41". The slit size of the last 6th stage limits the 
amount of pumping by 566 liters per minute. The seventh group of particles characterized by diameter < 0.39 
micrones is collected on a standard (8x10 inches) filter of high volume pump. Back trajectories of air masses 
were built using a HYSPLIT model (Hybrid Single - Particle Lagrangian Integrated Trajectory Model).  

The analysis of trajectories was performed for each occasion of aerosols sampling at the altitudes of 10, 
50, and 100 m. Simulatneously, to monitor the meteorological conditions, the ring maps of weather were 
constructed (Digital Atmosphere) (Fig. 1).  

In the samples collected, the chemistry of soluble fractions of aerosols of different sizes was studied. The 
concentrations of major ions 2+, Mg2+, K+, Na+,  NH4+, 3-, Cl-, SO42- , and NO3- were measured by 
the method of ion chromatography using the ion chromatograph ICS-3000 (Dionex, USA). 
During sampling time, cold calm weather with little wind increasing to 2 m / s dominated with wind of north 
direction  in Irkutsk and of south-east direction in Shelekhov (Fig. 1). The Siberian anticyclone with low air 
temperatures during a day (from -27 to -34 0  ) and relative air humidity close to 100% was established above 
the region. Such conditions favoured to accumulation of inpurities in the atmosphere. Investigation of the 
aerosols chemistry showed that a significant share of ions (35-40%) is in the coarse fraction of aerosols (> 4.2 

), indicating the local input of pollutants into the atmosphere (Fig. 2). Substantial share of ions (> 50%) is 
adsorbed on the fine (> 1.3 mm) particles. The direction of air masses movement indicate that their transfer in 
this period took place mainly above the study area (Fig. 1). 

During sampling in February 2009, there was an increase of wind and humidity as well as atmospheric 
precipitations in the form of a snow storm. Since the earth's surface was covered with snow, strong winds did 
not favour raising of dust particles into the air. Snow storm was removing pollutants from the atmosphere. 
Investigation of the aerosol chemistry showed that the highest share of ions (> 50%) was sorbed in the fine 
aerosol particles of the size smaller than 0.39 microns (Fig. 2). In this period, the arctic air masses formed and 
transformed over the northern part of the Irkutsk region, entered the study area.  

Thus, in winter mainly local sources contribute to accumulation of pollutants in the atmosphere of the 
cities of Irkutsk and Shelekhov.  
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Fig. 1. Trajectories of air masses movement (top) and the ring weather maps (bottom): Irkutsk on the left, Shelekhov on the 
right (  ( )  ( ): ,  
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Fig. 2. Total amount of ions (%) in different size fractions of aerosols in the atmosphere of the cities Irkutsk and Shelekhov 
 (%) .  

). 

 
 

., ., ., . 
 ,3, . ,  664033,  

, ,  
.  

. ,   
.  

 10-3 -  10-4  102 .  
.  

: 10  ( 10) –  (  <10  



 178 

); 2,5  (  2,5) –  
 ( ,  

 2-3 ).  
. 

,  
 2009 . . ,  

. .  
500-1500  ( ),  

.  
 6-  

 «Tisch Environmental inc.»,  TE-236. -236  
: >10,2; 10,2-4,2; 4,2-2,1; 2,1-1,3; 1,3-0,69; 0,69-0,39 .  

 «Whatman 41».  6- ,  
 566 . , ,  

<0,39 ,  (8 10 )   .  
 HYSPLIT (Hybrid Single - Particle Lagrangian Integrated Trajectory Model)  

.  
 10, 50  100 .  

 (Digital Atmosphere) ( . 1).  
 

,  ICS-3000 (Dionex, ) 
2+, Mg2+, K+

,
 Na+

,
 NH4

+
,
 

3
-, Cl-, SO4

2-  NO3
-.  

 
 2 , .  - , .  - 

 ( . 1).  2009 .  
 (  -27  -34 0 ),  

,  100%. . 
,  (35-40 %)  

 (> 4,2 ),  
 ( . 2).  (> 50 %)  

 (>1,3 ).  , 
   ( .1).  

 2009 . ,  
. , 

.  
. ,  

 (>50 %)  0,39 
 ( . 2). , 

  .     
,  .  

.  

A STUDY ON THE METHOD OF DEVELOPING COUNTRY-SPECIFIC EMISSION FACTOR 
Jungwoo Lee, Seehyung Lee, & Eui-Chan Jeon* 

Department of Earth and Environmental Sciences, Sejong University, Seoul 143-747, Korea 
ecjeon@sejong.ac.kr 

Global warming is considered a worldwide problem, and countries around the world are establishing and 
executing national strategies to reduce greenhouse gases. We should precisely assess greenhouse gas 
emissions in order to lay out reduction policies. Accordingly, the Intergovernmental Panel on Climate Change 
(IPCC) published guidelines on the assessment of the national emissions, which includes the basic emission 
factor, default emission factors for emission assessment.  

However, the IPCC recommends that each nation use country-specific emission factors for precise 
assessment of the national emissions since those factors reflect individual nation's specific conditions.  

It is vital to devise country-specific emission factors since fuel characteristics, combustion and operation 
conditions, and technical elements have a wide-ranging influence Non-CO2. However, Korea currently is 
borrowing the IPCC's default emission factors since there is not enough domestic research data in the country 
to assess greenhouse gas emissions.  

Therefore, this research presented a development method of Non-CO2 emission factors, and developed 
a country-specific emission factor for bituminous coal-fired power plants. 

Figure 1 shows the development process of the Non-CO2 emission factor used in this research. Dosing 
of Non-CO2 concentration inside the flue gas was performed by gas chromatography (Model CP-3800, Varian, 
USA). 
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The FID and ECD were interlocked and used as detectors, and the FID was used to analyze CH4, and 
the  ECD  for  N2O. The caloric value analyzer (IKA-C2000, Germany), and element alanalyzer (Thermo 
Finnigan-Flash EA 1112, USA) were used in order to discover the characteristics of fuel used in this research.  

The research result showed that the CH4 emission factor of domestic bituminous coal-fired power plant 
was at 0.42 kg/TJ, which is 58% lower than the basic emission factor recommended by the IPCC. Moreover, 
the emission factor of N2O stood at 0.76 kg/TJ, which is 45% lower than the basic emission factor 
recommended by the IPCC. 

 
Volume Concentration   Gross Heating Value 

          

Mass Concentration   Net Heating Value 

          

Flow Rate   Fuel Consumption 

          

Emissions   Heating Output 

          
          

 Non-CO2 Emission Factor  

Fig.1. Development process of the Non-CO2 emission factors. 

EFFECT OF CONTINENTAL EMISSIONS ON THE AEROSOL CHARACTERISTICS OVER SEA SURFACE 
Kozlov V.S.,* Kabanov D.M.*, Panchenko M.V.*, Pol’kin V.V.*, Sakerin S.M.*, 

Khodzher T.V.**, Golobokova L.P.**, Turchinovich Yu. S.* 
* V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

** Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
vkozlov@iao.ru, dkab@iao.ru, pmv@iao.ru, victor@iao.ru, sms@iao.ru, lg@lin.irk.ru, tus@iao.ru 

Comprehensive investigations of the aerosol dynamics in transitional continent-sea zones affected by the 
sources of particles of different origin (marine salt aerosol, industrial and dust emissions, forest fire smokes, 
etc.) are of especial interest.  

Expedition in the northern part of Caspian Sea (29-th cruise of research vessel RV “Rift”) was carried out 
in November 2008, and expedition in Japan Sea (sailing training vessel STV “Nadezhda”) on the route 
Vladivostok – Nagasaki – Yosu – Vladivostok was in April-May 2009. In parallel, in 2009 measurements were 
carried out in the coastal zone at the Ussurijsk astrophysical observatory, (village Gornotaezhnoe (GT), 80 km 
far from the sea). Aerosol optical depth (AOD) of the atmosphere, mass concentrations of the dry matter of 
submicron aerosol  Ma ( g/m3) and Black Carbon (BC, soot)  MBC ( g/m3), number density Na (cm-3) and 
particle size distribution in the diameter range 0.3 – 10 m were recorded in round-the-clock measurements. 
Also, air samples were collected on the aerosol filters for analysis of ion chemical composition of the particles. 

Spring measurements in Japan Sea (STV) and Primorje (GT) have shown closeness of the mean total 
concentrations of aerosol and BC that is evidence of existence of the average aerosol regional background. 
Strong effect of forest fire smokes was observed at the beginning of near-ground measurements. Then near-
ground and near-water aerosols underwent significant effect of continental emissions. Mean values of the 
concentrations were about Ma = 17.5 g m-3, MBC = 1.0 g m-3, and Na = 22.0 cm-3. The volume distributions of 
submicron particles are in good agreement with the data for dust emissions to the water area of Caspian Sea 
from arid regions of Kazakhstan and Turkmenia. Mean values over Caspian Sea were Ma = 17.6 g m-3, MBC = 
0.41 g m-3, and Na = 15.7 cm-3. The aerosol mass concentration over Primorie, Japan and Caspian Seas was 
almost twice and the content of black carbon 1.5 times greater than over water area of White Sea. Aerosol 
concentrations in Primorie are comparable with the corresponding data obtained from the results of long-term 
measurements on the continent (Tomsk). However, the concentration of BC over Caspian Sea is twice less 
than in the region of Tomsk. 

Results of photometric measurements of AOD have shown that in spring all transition continent-ocean 
zone covering the water area of Japan Sea is characterized by enhanced turbidity of the atmosphere caused by 
large amount of aerosol emitting from continental sources. The AOD values are characterized by approximately 
twice exceeding of aerosol turbidity in comparison with other (marine and continental) midlatitude regions. 
Enhanced atmospheric turbidity is observed in the whole wavelength range 0.3 – 2.14 m because of higher 
content of finely and coarsely dispersed aerosol. Mean and maximum values of AOD of the atmosphere in the 
0.5 m range are as follows: 0.46 and more than 0.75 in Primorje, 0.35 and more than 0.5 over Japan Sea, 
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respectively. High AOD values are caused by continental aerosol emissions, the prevalent types of which 
(smoke, anthropogenic, dust) are different under specific conditions. 

Analysis of near-ground aerosol in Primorje and near-water aerosol over Japan Sea has shown that up to 
80% of the ion composition of aerosol in these regions is determined by continental sources. The data on ion 
composition of dust emissions are in good agreement with the results obtained at Caspian Sea as well as with 
the data of other researchers who study near-water aerosol at dust emissions from Asia. 

Maximum ion concentrations of “continental origin” SO4
2–, NO3

–, and NH4
+ are observed over Japan Sea, 

ions of “marine origin” Cl–, Na+, and Mg2+ – over White Sea, and minimum concentrations  are recorded near 
Antarctica. 

The work was partly supported by Integration project of Siberian Branch of Russian Academy of Sciences No. 75 and 
Project No. 20.1 of the Program of Basic Researches of Presidium of the Russian Academy of Sciences. 
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ON ULTRA-POLAR ARCTIC INTRUSIONS OF AIR MASSES DURING COLD AND WARM WINTERS AND 
GLACIAL REGIME OF LAKE BAIKAL 

Kuimova L.N.*, Sherstyankin P.P.*, Yakimova N.I.** 
* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

**Irkutsk Interregional Territorial Department for Hydrometeorology and Environmental Monitoring,  
76, Partizanskaya st., Irkutsk 664047, Russia 

kuimova@lin.irk.ru 

Climatic peculiarities of Baikalian territory are mainly determined by processes of general atmospheric 
circulation on the background of which influence of both local physical and geographical situation and big water 
mass of Lake Baikal is manifested. Along with domination of Western (zonal) air masses transport, climatic 
peculiarities of some cold winters are due to Northern and ultra-polar intrusions forming long low-temperature 
periods resulting in rapid formation of ice cover and in its maximal thicknesses reaching during cold winters 
110-150.   

As an example, let us consider a synoptic situation during the anomalously cold winter of 2000- 2001, 
when dominating air masses flows were incoming from Arctic area. Main “cold providers” during winter months 
were ultra-polar intrusions with air temperature -32÷ -43  at night and -26÷-35  by day. There were also 
several North-Western intrusions and shifts of cold air masses of North-Eastern direction from Yakutiya area 
with small weakening of frosts from -41 to -33 . Ice cover increased intensively and reached thickness from 
110 cm in the southern part of the lake, 120 cm and more in the Central basin and up to 130 cm in Northern 
one.  

During next, anomalously warm winter of 2001-2002, ice thickness was 50÷66 cm along the whole lake 
from South to North, and mean monthly air temperatures for two winters, cold and warm ones, have absolute 
differences by all indicated areas and months. So, January temperatures of a cold winter are lower than ones in 
warm winter by -11.7-15.7 , during of intensive ice formation in February, respectively, by -7-8 , and in 
March - by – 4.0-4.8 .  The winter 2009-2010, by its temperature regime, is similar to considered cold one of  
2000-2001, when ice cover stabilized early, by January 1-4, ice thickness reached 65 cm already by late 
January, maximal thickness was 100÷120, in Barguzin Bay - 150-160 cm.    

This work is supported by RFBR, grant No. 08-05-00395.  
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BIOGEOCHEMICAL BARRIERS (PLANKTON, PEAT, SAPROPEL) ON THE PATH OF FLOWS OF 
CHEMICAL ELEMENTS FROM ATMOSPHERE  

Leonova G.A., Bobrov V.A., Preiss Yu. I.* 
Sobolev Institute of Geology and Mineralogy SB RAS, 3, Ac. Koptyug Ave, Novosibirsk 630090, Russia 

* Institute of Monitoring of Climatic and Ecological Systems SB RAS,  
10/3, Academichesky av., Tomsk 634055, Russia 

leonova@uiggm.nsc.ru 

For upland bogs and internal-drainage lakes in the vast Siberia territory, atmospheric falls (dust, aerosol) 
represent one of the main sources for supplying mineral matter. Microelements in atmogenic dust and both gas 
and liquid phases of aerosol are settled upon biogeochemical barriers, that is, these are absorbed by living 
material in an «active layer» of peat swamps and plankton of small internal-drainage lakes, and farther are 
fixed in lower compacted horizons of peats and sapropels. Our work is intended to investigation of conjugated 
bog and lake systems (Fig.1) complementary to each other, which are of special interest of geologists.  

The study of a microelement composition of organogenic formations (peat, sapropel) allowed us to give 
quantitative information on flows of chemical elements present in atmospheric falls on the earth’s surface. (27 
atmospheric flows of chemical elements (mkg/dm 2/year) in different years of the XX century have been 
estimated for monoliths of Bakcharsky (West Siberia) and Vydrinsky (East Siberia) bogs. Examination of 
mineral substance flows on the Bakcharsky bog reveals that the atmosphere of the XX century differs from that 
of the previous millennium by an order of magnitude in the ash content and increased (as compared to previous 
19 centuries) flows of ecologically significant heavy metals, supply of which proceeded extremely irregularly 
during periods of a general air pollution in the XX century.  

It has been established that in small internal-drainage lakes of Siberia, plankton at the «water-
atmosphere» interface is enriched in the group of mobile (dissolved) chalcophile elements (Hg, Cd, Pb, Zn, As, 
Sb Se, and others). It is also noted that the upper horizons of sapropels enriched in the same elements were 
formed during last decades. We refer these elements to as high «sapropelphile» P, Br, Mn, As, Hg-rich (ash 
concentration factor, =28-15), and Zn, Cd, Cu, Pb, Ag, Sb «sapropelphile» ( =7-3).Quantitative calculations 
of planctonogenic contribution of chemical elements into lacustrine sapropels have been performed, this 
contribution being most significant for  (95%), Br (83%), Zn (54%), and it is much lower for Pb, Sr, Ca, Cr  Cd 
(38-22%). 

The work was financially supported by Russian Foundation for Basic research (grants No 04-05-65168 and 08-05-
00392).  

 

 
Fig. 1. Scheme of mineral delivery of upland bog and internal-drainage lake (  
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EXPERIMENTAL STUDY AND NUMERICAL SIMULATION OF WINTER PROPAGATION, 
TRANSFORMATION AND DEPOSITION OF SULFUR AND FLUORINE COMPOUNDS IN THE AREAS OF 

SHELEKHOV AND BRATSK CITIES 
Makukhin V.L., Yanchenko N.I.* 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
* Irkutsk State Technical University, 83, Lermontov st., Irkutsk 664074, Russia 
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Processes of propagation, transformation, and deposition of fluorine and sulfur compounds emitted in winter by 
the Bratsk (BrAP) and Irkutsk (IrkAP) aluminum plants were investigated using a numerical model.  
At the first series of numerical experiments, the area of 60 40 km2 and a height of 2500 m above the surface of 
the Bratsk water reservoir has been chosen. Temporal and spatial (horizontal) steps were 5 min and 2 km, 
respectively. A step along the vertical axis was specified as follows: it was 50 m from the reservoir surface to 
500 m height; 100 m to 700 m height, then 300, 500, and 1000 m. The intensity of hydrogen fluoride emission 
was specified to be 1.54 Ktons / year, of solid fluorides  – 2.2 Ktons / year, SO2 – 6.35 Ktons / year. The 
deposition rate of fluoride was assumed to be 0.3 cm/s, sulfates – 0.5 cm/s. The initial concentration of 
molecular nitrogen N2 was assumed to be 0.93 kg/m3, molecular oxygen 2 – 0.297 kg/m3, water vapor H2O – 
2.23 10-4 kg/m3, molecular hydrogen H2 - 10-7 kg/m3, ozone 3 - 6 10-8 kg/m3, hydrogen peroxide H2O2 - 10-9 
kg/m3. 

The results of calculations showed that in the Bratsk region, under the often repeated in cold season the 
west air flow of 2 m / s velocity, the HF concentrations in vicinity of Chekanovsky settlement reach 15 mkg/m3, 
the concentrations of sulfur dioxide exceed 40 mkg/m3, sulfates - 3 mkg/m3. Concentrations of sulfates higher 
than 4 mkg/m3 are recorded near the source of sulfur dioxide and at a distance of about 23 km to the west of 
BrAP, on the slopes of hills at an altitude of 608 m.  

Using the calculated concentration fields of fluorine and sulfur compounds, we estimated the intensity of 
their deposition on the underlying surface in the study region. Figure 1 shows the isolines of calculated average 
values of the intensity of fluoride deposition in the city of Bratsk in cold season. BrAP serves as the source of 
emissions. Due to predominant in this season westerly winds, the isolines of intensity of fluorides and sulfates 
deposition are stretched from the west to the east. The data obtained have the same order of magnitude as 
experimental estimates of the intensity of fluoride deposition of in the vicinity of BrAP.  

The results obtained show that in the region affected by BrAP, in winter about 12% of the emitted fluorine 
settles on 60 40 2 surface area. Approximately 1.2% of the totally emitted by BrAP fluorine settles on the 
snow surface of the Bratsk reservoir of 350 km2 area.  

Using a numerical model investigated the propagation, transformation, and deposition of fluorine and 
sulfur emitted by IrkAP located in the city of Shelekhov. The area of 55 45 km2 and a height of 2500 meters 
above the surface of the Irkutsk Reservoir and Lake Baikal was chosen. The calculations were performed with 
1 km horizontal step. The intensity of hydrogen fluoride emission was 355 tons / year, of solid fluorides - 924 
tons / year, sulfur dioxide - 1735 tons / year. Other parameters are the same as we used in previous 
calculations in the area of Bratsk.  

When there is the south-west air flow of 2 m / s velocity, the admixtures carry along the Irkut River valley 
towards the city of Irkutsk. In Irkutsk in the vicinity of Akademgorodok, the HF concentration reaches 1.5 
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mkg/m3, sulfur dioxide concentration exceeds 5 mkg/m3, concentration of sulfates - 1 mkg/m3. The cumulative 
effect of sulphates on the windward slopes of hills, as it was in the Bratsk, was not observed.  

Figure 2 shows the isolines of calculated average values of the intensity of fluoride and sulfate deposition 
in the region of Shelekhov during cold season. At this time, there predominate winds of the west and north-west 
directions, respectively, contours are elongated in this direction. The order of magnitude of calculated values is 
in good agreement with experimental estimates of the intensity of fluoride deposition in the vicinity of IrkAP.  

The results obtained indicate that in cold season approximately 12 % of the fluorine emitted settles on the 
55 45 2 area in the region affected by IrkAP.  

This work was supported by the Project 2.1.1/6468 of the Analytical departmental target program "Development of 
Scientific Potential of Higher Education 2009-2010" of Ministry of Education and Science. 

Fig. 1. Isolines of the calculated density of the fluorine deposition in 
the region of BrAP, kg / (km2 month) (  

 F , /( 2 )). 

Fig. 2. Isolines of the calculated density of the 
fluorine deposition in the region of IrkAP, kg / 

(km2 month) (  
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REGIONAL CLIMATIC EFFECTS OF GLOBAL ATMOSPHERIC CIRCULATION IN ALTAI 
Malygina N.S., Papina T.S., Zinchenko G.S., Bezuglova N.N., Schwikowski M. * 

Institute for Water and Environmental Problems SB RAS, 1, Molodezhnaya St., Barnaul 656038, Russia 
*Paul Scherrer Institut, 5232 Villigen, Switzerland  

natmgn@gmail.com, papina@iwep.asu.ru 

The paper deals with studying the relationship of the temperature regime reconstructed from the natural 
paleoarchive data on high-altitude ice core from Belukha Mountain in Altai and the effects of large-scale 
processes in the "ocean-atmosphere" system. The indices of atmospheric circulation, i.e. North Atlantic 
Oscillation (NAO) and Pacific Decadal Oscillation (PDO) serve as indicators of atmospheric processes.  

The glaciological analysis of the ice core sampled from M.Belukha was a basis for the reconstruction of 
temperature change curves in Altai for the period of 1250 - 2001 (Eichler, 2009). However, while doing 
research (Henderson, 2006), the outcomes for the last two decades turned out to be unrepresentative: the 
presence of interannual infiltration layers greatly distorts the reconstruction results for the last twenty years. 
Moreover, since major atmospheric deposition (80 %) in M.Belukha falls on March-November (Oliver, 2006), 
the temperature was reconstructed for the mentioned period, up to the year 1979. Averaged monthly NAO and 
PDO circulation indices available on the Internet [www.cru.uea.ac.uk] served as the source data.  

To reduce the influence of high-frequency oscillations often caused by regional processes, the 
reconstructed series of NAO, PDO and temperature were smoothed by the use of moving 30-year average.  

The correlation analysis of the studied series demonstrates high direct correlation (r = 0.79) between the 
reconstructed temperature curve and NAO index (Fig. 1), while series of the reconstructed temperature and 
PDO index show high inverse correlation (r = -0.80) (Fig. 2). 

 Thus, when the atmospheric processes corresponding to increased NAO index are activated, the 
increased air temperature in Altai is observed. On the contrary, intensification of processes characterized by 
PDO index leads to a reversed situation.  
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Fig.1. Moving 30-year average for NAO (red line) and the temperature reconstructed from the data on ice core sampled 
from M. Belukha (blue line) (30-  NAO ( )  

 ( )) 

 
Fig.2. Moving 30-year average for PDO (red line) and the temperature reconstructed from the data on ice core sampled 
from M. Belukha (blue line) (30-  PDO ( )  

 ( )). 
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:  (NAO – North Atlantic Oscillation)  
 (PDO - Pacific Decadal Oscillation).   
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POLLUTION OF ENVIRONMENT BY PAHs IN THE AREA OF SCATTERING OF METALLURGICAL 
COMPLEX’S EMISSIONS (the city of Shelekhov) 

Marinaite I.I., Gorshkov A.G. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

marin@lin.irk.ru 

There is a large metallurgical complex in the area of the Shelekhov city (Irkutsk region), which includes three 
plants: IrkAP SUAL (the branch of Irkutsk aluminum plant), "Silicon ", and «SUAL-PM ". During last decades, 
new technologies are implemented in this complex and its production increases. Monitoring of the content of 
persistent organic pollutants in snow cover showed that IrkAP-SUAL emissions serve as a large source of 
polycyclic aromatic hydrocarbons (PAHs),which are included in the list of super ecological toxicants (Marinaite, 
Gorshkov, 2002). This paper presents recent (2007-2010) results of the PAH monitoring  in aerosol, snow 
cover, soil, surface water and bottom sediments collected in the area of scattering of the metallurgical 
complex’s emissions (Table).  

The results obtained indicate that over the past 10 years the atmospheric pollution has increased in the 
vicinity of the metallurgical complex. The content of benzo [a] pyrene in aerosol (average for March 2008) 
exceeds the maximum permissible concentration (MPC) up to 6 times. In soils that are conservative matrices, 
the content of total PAHs has increased for the period from 1996 to 2010. Now it is comparable to the pollution 
in industrial areas of Poland (up to10000 ng / g) and Mexico (up to 6000 ng / g). During high water and summer 
flood, high concentrations of PAHs were recorded in the water of the Olkha River. 

This work was partially supported by RFBR (projects 08-05-98058a and 08-08-00100).  
 

Table. Concentrations of PAHs in the environmental objects and atmospheric PAHs flux in the area of 
emissions scattering (  

). 

Total PAHs** Benz( )piren (MPC) 
Object, flux of PAHs* 

1996-99 2007-10 1996-99 2007-10 

Atmospheric aerosol 
(ng/m3) - 3 – 320 

74 - 0,8 – 19 
6 (6 MPC) 

Surface water, the 
Olkha River (ng/L) - 7 – 310 

60 
< 0,9 – 21 

7.9(1.5 MPC) 
< 0,2 – 22 

4 (0.8 MPC) 
Bottom sediments 
(ng/L) - 136-1440 

550 
48-272 

146 
12-104 

45 

Soils (ng/L) 1100-7200 
4080 

450-55000 
17200 

5-1210 
410 (20 MPC) 

49-2200 
960 (48 MPC) 

PAHs flux on the snow 
cover (mkg/m2·week) 

19 – 1000 
192 

24 – 7700 
910 

1.8 – 48 
12 

2 – 345 
50 

Range of values is shown in numerator, the average – in denominator; * Units of measurements are shown in 
brackets; ** 14 priority compounds ( ,  – ; *  

; ** 14 ) 
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THE RESULTS OF MEASUREMENTS OF AEROSOL OPTICAL THICKNESS OVER THE SOUTHEAST 
COAST OF LAKE BAIKAL 

Naguslaev S.A., Zhamsueva G. S, Zayakhanov A.S. 
Department of physical problems BSC SB RAS, 8, Sakh’yanovoy st., Ulan-Ude 670047, Russia 

lrf@pres.bscnet.ru, lmza@mail.ru 

In the conditions of current climate change, a study of atmospheric aerosol is of particular importance. The 
most informative parameter characterizing the aerosol extinction of solar radiation is the aerosol optical 
thickness (AOT) of the atmosphere. In the Baikal region, AOT measurements using the solar photometer SP-7 
are monitored since 2005. The purpose of this study is to identify the current state of the aerosol atmospheric 
turbidity and investigate its spatial and temporal variations in the Baikal region.  

The report presents an analysis of variations of AOT of the atmosphere in the Baikal region as a result of 
four years of observations (2006-2009). Spatial variations of atmospheric transparency within the region are 
revealed, that are caused by its remoteness from industrial enterprises, the height above sea level, and 
features of the underlying surface. It is shown that due to high human impact on the atmosphere the maximum 
values of AOT are observed in the city of Ulan-Ude (< 0,5 > = 0,13). They are 26% higher than the background 
values registered for the same period at Tora station (< 0,5 > = 0,1). In summer, the average AOT values over 
south-eastern coast of Lake Baikal (Boyarsk station) have intermediate values (< 0,5 > = 0,11). Typical 
spectral dependences of AOD of the atmosphere in the Baikal region are compared with similar data obtained 
at the other stations located in the Asian part of Russia. Results of annual measurements of AOD in the city of 
Ulan-Ude and at Tora station confirm the existence of a global spring AOD maximum of the atmosphere. 

This work was supported by RFBR grant  08-05-98007 and SB RAS Integration Project  75.  
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AEROSOL OPTICAL DEPTH AND AEROSOL RADIATIVE FORCING IN SITUATIONS OF FOREST 
SMOKES AND SPRING MAXIMUM OF ATMOSPHERIC TURBIDITY IN TWO REGIONS 

OF THE ASIAN PART OF RUSSIA 
Nasrtdinov I.M., Zhuravleva T.B., Kabanov D.M., Sakerin S.M. 

V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 
wizard@iao.ru 

The climatic effect of aerosol has substantial regional and seasonal differences. Exept the volcanic eruptions, 
the hughest effect of aerosols on the radiative fluxes have such natural factors as forest fires smoke and the 
spring maximum of the aerosol turbidity. The main characteristics, determining the aerosol radiative forcing, are 
the aerosol optical thickness (AOT) of the atmosphere and single scattering albedo (SSA).  

In the report, we consider the specific features of the annual behavior of AOT in Western Siberia (city of 
Tomsk) and Far East region (near the city of Ussuriisk), revealed on the basis of long-term sun photometer 
measurements. The maximum aerosol turbidities are observed in April-May: the average AOT values (0.5 m) 
are 0.19 in Tomsk and 0.45 near Ussuriisk. The springtime burst of AOT, typical of most midlatitude regions, is 
caused by liberation of accumulated aerosol material during snow melting, elevated emission of organic aerosol 
during blooming, as well as burning of vegetation. An additional source of higher atmospheric turbidities in 
Primorie is the “external factor”, namely the dust and anthropogenic inputs from the northeastern China. 

We describe the method of calculating the characteristics of solar radiation in the total size range of 0.2-
5 m at the top and bottom of the atmosphere. To determine the aerosol radiative forcing under the conditions 
of high springtime turbidities, together with the results of sun photometer measurements, we employ the model 
data on SSA and aerosol scattering phase function  (WCP, OPAC), as well as the data on the surface albedo 
(MODIS, AERONET).  

The work is supported by the Integrated SB RAS (Project  75), Department of Earth Sciences RAS (project . 
11.1), and Russian Foundation for Basic Research (grant  09-05-00961). 
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RESULTS OF LONGTERM STUDIES OF THE CHEMISTRY OF SNOW COVER ON  

THE SOUTHEASTERN COAST OF LAKE BAIKAL 
Netsvetaeva O.G. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
r431@lin.irk.ru 

In 1997-2010, in the basins of the Rivers Utulik, Mishikha, in vicinity of the cities Of Baikalsk, Babushkin and 
settlement Boyarsk, the chemistry of snow cover was studied in order to assess the current state of the air over 
the south-eastern coast of Lake Baikal. The results obtained revealed a significant spatial and temporal 
variability of chemical composition of snow water, which depends on many natural and man-made factors. 

In most of the study area the content of total amount of ions (TAI) in snow water is low. Minimum TAI 
values (4.2-4.5 mg/L) were found on the shores of the Rivers Snezhnaya and Khara-Murin. The most 
mineralized are snow waters in the basin of the Solzan River (on average 37 mg / L) and in vicinity of Baikalsk 
city  (27 mg / L) – in the areas exposed to the direct influence of air emissions from the Baikalsk Pulp and 
Paper Plant (BPPP) and the heat power plant of the city of Baikalsk. The highest TAI values were recorded in 
2007. In 2009-2010, when BPPP was stopped, TAI of snow water in vicinity of the city of Baikalsk differed little 
from that in the rest of the territory. Moreover, pH value for the first time of entire period of observations has 
decreased to 5.1, whereas in 2007 it reached 7.9.  

Out of the area of direct human impact, pH varied 4.4 to 5.6. The lowest pH values were recorded in the 
basins of the Rivers Snezhnaya and Pereemnaya. When approaching the city of Babushkin and Boyarsk 
settlement, both pH and TAI of snow water rise again: in Babushkin to 8.6 and 39 mg / L (2010), near Boyarsk - 
to 6.9 (2002) and 14.5 mg / L (2009), respectively.  

The nitrate and calcium ions are the major components of the ionic composition of snow water on the 
catchments of all rivers except the Rivers Utulik and Solzan. There is also high percentage (up to 12%-equiv.) 
of hydrogen ion. In some years characterized by decreased (to 11-17%-equiv.) share of calcium, the hydrogen 
ion predominated among cations. In the snow covered the catchments of the Rivers Khara-Murin and 
Snezhnaya, the contribution of sulfate exceeded in some years that of nitrate. In the basins of the Rivers 
Pereemnaya and Mishikha, the nitrate constantly dominated during entire time of observations.  

The NO3-/SO42- ratio of equivalent concentrations varied in different years 0.5 to 2.5, averaging 1.3. The 
maximum ratio was registered in snow cover of the Mishikha River basin. In the basin of the Utulik River and in 
vicinity of Boyarsk settlement, calcium and sulfate are the major ions. In the basin of the Solzan River and near 
the city of Baikalsk, the sulfate and sodium ions dominate thus reflecting the impact of BPPP emissions. In the 
first case the NO3-/SO42- ratio did not exceed 0.8, in the second - 0.3, indicating the leading role of sulfates 
among anions. In 2009-2010, in vicinity of BPPP this ratio has sharply increased up to the values typical of the 
snow covered the watersheds of the Rivers Khara- Murin and Mishikha. Multiplied decrease of the sulfate 
concentrations has resulted from the termination of BPPP operation.  

TAI accumulation in snow cover was the highest in the region of the Solzan River and the city of 
Baikalsk, the lowest – on the catchments of the Mishikha River (Table). Accumulation of nitrates is equally high 
in the basin of the Khara-Murin River and in vicinity of the city of Babushkin. The coast of the Khara-Murin River 
is experiencing the largest proton load.  

  
Table. Accumulation of ions in the snow covered the south-eastern coast of Lake Baikal during winter months 
(November – March), mg/m2 ( . 

 (  – ), 2). 

Area 3
- SO4

2- NO3
- Cl- Na+ K+ Ca2+ Mg 2+ NH4

+ + TAI 

Utulik R. 13 208 185 18 33 31 81 10 19 0,7 600 
Baikalsk city 522 1306 234 113 517 65 251 13 23 0,3 3050 
Solzan R. 793 1602 237 30 632 91 320 18 27 0,1 3750 

Khara-Murin 0 234 331 55 62 20 77 11 22 2,3 815 
Snezhnaya R. 0 178 256 18 23 20 63 9 15 1,9 585 

Pereemnaya R. 0 199 316 18 21 19 73 10 30 2,1 690 
Mishkha R. 0 133 221 24 14 14 63 7 18 1,3 500 

Babushkin city 319 254 330 101 58 19 236 17 18 0,1 1350 
Boyarsk settl. 211 186 192 76 45 23 148 11 26 0,1 920 
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PECULIARITIES OF THE CHEMISTRY OF ATMOSPHERIC PRECIPITATIONS IN THE BAIKAL REGION  
Netsvetaeva O.G., Khodzher T.V., Zimnik E.A., Sez’ko N.P., Dolya I.N. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
 r431@lin.irk.ru 

 Since 1999, in the frame of the international project "Monitoring of acid depositions in East Asia" continuous 
observations of the chemistry of precipitations are carried out at three monitoring stations of the Baikal region: 
Irkutsk - urban, Listvyanka - regional, Mondy - background.  These studies aim to reveal the differences in 
composition of precipitations caused by geographical locations of the study areas and level of anthropogenic 
load.  

The results of long-term studies have shown that the most mineralized precipitation are typical of Irkutsk 
(17.5 mg / L), the least mineralized – of Mondy station (4.3 mg / L). At Listvyanka, the total amount of ions (TAI) 
in the precipitations is 5.7 mg / L. There are both interannual and seasonal differences in the chemistry of wet 
depositions. During time of observations (1999-2009), the highest TAI were recorded at all stations in 2008, the 
lowest TAI - in 2004-2005. Typically, the concentration of most ions and their total amount in the precipitations 
is higher in cold season. This pattern is the most typical of precipitations at Mondy station, less expressed – at 
Listvyanka. Sulfate and calcium are major ions in the precipitations of the Baikal region. At Listvyanka and 
Mondy stations, the ammonium and calcium ions predominate in the rains. At the background station Mondy, 
the HCO3- ion dominate among anions in the snow waters. A specific feature of snow depositions at Listvyanka 
station is a high share (18-24 %-equiv.) of NO3- ions. The highest concentrations of sulfates, nitrates, 
ammonium, and calcium ions were determined in the wet depositions in Irkutsk. At this station, the average 
content of sulphates (4.8 mg / L) is 2 and 5 times higher compared to that recorded at Listvyanka and Mondy 
stations, respectively. In Listvyanka, the highest concentrations were recorded in May (a season of forest fires), 
at the other stations - in March (a season of snow melting). The minimum concentrations of sulfates are typical 
of summer. The mean annual concentrations of nitrates in Irkutsk and Listvyanka are similar: 1.9 and 1.7 mg / 
L, whereas at Mondy station they are 3 times lower. Seasonal variations in the nitrate concentrations are 
characterized by the maximum in January-March, by the minimum in July-September (except for the 
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background station Mondy). In Irkutsk, the calcium content in precipitations 2.5 mg / L is on average 4 times 
higher compared to the other stations. Seasonal variations of this cation concentrations are similar at all 
stations. The maximum was registered in February-March, the minimum - in July-September. The 
concentrations of ammonium ions in Irkutsk 0.8 mg / L are 2-3 times higher than at stations Listvyanka and 
Mondy. At Irkutsk and Listvyanka stations, the highest concentration occurs in May, at Mondy station - in 
August. At Listvyanka and Mondy stations, the lowest concentration of this component is recorded in 
December, at Irkutsk station - in August.  

The pH values in precipitations vary widely: from acid to alkaline ones. The most acidic are wet 
depositions in Listvyanka (pH = 5.1), followed by depositions at Mondy station (pH = 5.8) and Irkutsk station 
(pH = 6.0). In the region, the lowest pH values correspond to summer depositions. The highest concentrations 
of hydrogen ions are registered in warm period: in May and August at Listvyanka station, in July and June in 
Irkutsk, in July and August in Mondy.  

Differences in the acidity of precipitations are most pronounced in Irkutsk, the least pronounced at 
Listvyanka station. During the time of observations, on average 44% of precipitations at this station had pH less 
than 5. The frequency of acid depositions was the highest in 2005, the lowest - in 1999.  The most acidic rains 
(pH = 3,5-4,5) were recorded in 2008, the most acidic snow - in 2004. Less acid precipitations, on average 
16%, were in Irkutsk. The highest recurrence of acid precipitations was recorded in 2007.  
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EANET ACTIVITIES FOR CLARIFYING ACID DEPOSITION IN EAST ASIA 
Ohizumi T. 

Asia Center for Air Pollution Research 

The Acid Deposition Monitoring Network in East Asia (EANET), established in 1998, is an international network 
for which the main aims are to create a common understanding of the state of the acid deposition problems in 
East Asia, and to provide useful inputs for decision making that can prevent or reduce adverse impacts on the 
environment caused by acid deposition. The Network’s Secretariat was established within the United Nations 
Environment Programme (UNEP). The Asia Center for Air Pollution Research (ACAP), designated as the 
Network Center for EANET, provides technical support for participating countries. After a preparatory phase 
that ended in 2000, EANET started its regular phase activities in 2001. There are thirteen participating 
countries at present: Cambodia, China, Indonesia, Japan, Lao PDR, Malaysia, Mongolia, Myanmar, 
Philippines, Republic of Korea, Russia, Thailand and Vietnam (Fig.1).As the results of the monitoring of acid 
deposition and its effects on ecosystems (Table1), the Network Center compiles monitoring data and releases it 
to participating countries and beyond. To support participating countries, the Network Center has also 
conducted joint research projects as well as activities to enhance the reliability of monitoring data.  

In addition, to promote regional air quality management, including acid deposition in East Asia and to 
provide a sound basis for financial contributions and extending the activities of EANET, discussions are now in 
progress towards establishment of a regional instrument and further development of the network. 

For an example of monitoring results, relationship among concentration, precipitation amount, and wet 
deposition amount for non sea salt sulfate (nss-SO4 2-) and hydrogen ion is shown in Fig.2. 

In the comparison with USA and Europe, firstly, Japanese data is found to be characterized by large nss-
SO4 2- wet deposition amount (three times larger than USA and Europe) due to large precipitation amount (two 
times larger than that of USA and Europe in median) and slightly high nss-SO4 2- concentration. And Japanese 
hydrogen ion wet deposition amount representing the net deposition amount of acids is 6 times and 3 times 
higher than that of Europe and USA, respectively. 

By addition of EANET data to three region relationships, regional diversity of EANET is found clearly. 
Chinese high concentration of nss-SO4 2- is highlighted and its maximum concentration (>300 eq/L) is ten or 
more times higher than the median of Japanese data. Maximum Chinese wet deposition amount corresponded 
to 6 times of Japanese one due to high concentration in spite of small precipitation amount. In Korea, 
Indonesia, and Vietnam, large wet deposition amount corresponding to the largest Japanese data is also 
observed. 

On the other hand, contrasting to the large wet deposition amount of nss-SO4 2-, there is no site whose 
acidity and hydrogen ion wet deposition amount is higher than that of Japan. It may reflect the differences of 
neutralization rate between Japan and other countries. Japanese precipitation is characterized by low 
neutralization rate.  

Current status of EANET activities implementing four items monitoring mentioned above as its main 
constituents is assessed as the followings in the latest EANET periodic report (EANET, Periodic Report on the 
State of Acid Deposition in East Asia, Executive Summary (2006)).  
1) The number of acid deposition monitoring sites has increased since its inception. As for wet deposition 
monitoring site, the number of sites has increased from the original 38 sites to 50 sites in 2007 and to 56 sites 
in 2009. Guidelines are also in place to ensure standardization of methodology and technical conformity. 
2) A high-quality dataset has been developed through the implementation of QA/QC measures at national 
levels and in the Inter-laboratory Comparison Project schemes. All monitoring data are available to the public 
through the EANET website and on compact disc. 
3) The technical capabilities and skills of the participating countries in acid deposition monitoring and 
assessment were significantly enhanced through a number of EANET activities such as individual training, 
expert meeting, scientific workshop, and so on. 
4) Awareness about acid deposition among the general public, particularly among schoolchildren and teachers, 
was raised through a number of activities supported by EANET. 
5) A number of joint scientific research projects on acid deposition and its effects were conducted by EANET in 
countries with diverse natural environments and climatic condition. 
6) EANET has succeeded in promoting cooperation among countries in the East Asian region and with other 
international and regional programs such as WMO and EMEP. 
We should make effort continuously to provide useful information to decision maker for preventing the effect of 
acid deposition, through taking, analyzing, and evaluating high quality data. Simultaneously, in view of 
contemporary scientific aspect for atmospheric environment in East Asia, it will be also important to focus on 
serious air pollution of mega city and long range transportation of ozone and particulate matter. 
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Fig.1 Wet/Dry deposition monitoring sites in EANET 

 
Fig.2 Relationship among concentration, precipitation amount, and wet deposition (2003-2006 1)  Japan:  MOE  +  JELA,  
n=68, USA: NADP, n=250, Europe: EMEP, n=97, East Asia: EANET 2) Distribution ranges of Japanese, USA, and 
European data are shown by 10, 25, 50, 75, and 90 percentile values.3) : China, : Indonesia, : Malaysia, : Mongolia, 

: Philippine, : Korea, ×: Russia, : Thailand, :Vietnam 

Table 1 Monitiring items and parameters in EANET 

Item Site Parameter Frequency 
Wet 
deposition 56  pH, EC, and ion concentrations in rain 

water Daily or Weekly  

Dry 
deposition 47  Gases (SO2, NOx, O3, etc) and aerosol 

components concentrations 

Daily – biweekly 
(Filter-pack), Hourly 
(Automatic monitor) 

Soil & 
Vegetation 28  

pH, Ex-base cations, Ex-acidity etc of soil 
and survey of tree decline in forest area, 
etc 

Once three or five 
years 

Inland water 18  pH, EC, Alkalinity, etc in river or lake water Seasonally  
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SPATIAL DISTRIBUTION OF CO2 OVER BAIKAL IN WARM SEASON AS ASSESSED FROM THE DATA 
OF AIRBORNE AND SHIPBORNE MEASUREMENTS 

Panchenko M.V., Belan B.D., Arshinov .U., Fofonov .V., Domysheva V.M. *,  
Sakirko M.V.*, Shmargunov V.P. 

V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 
* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

pmv@iao.ru, hydrochem@lin.irk.ru 

The problem of the reasons of the observed increase of the CO2 concentration in the atmosphere and its effect 
on global warming is now the most debatable in the problem of climate change. The main attention of 
researchers at the modern stage of the study of the sources and sinks of carbon dioxide is concentrated on the 
processes of regional scale. Taking into account that environment is under the effect of increasing 
anthropogenic loading and climate changes, it is not always possible to apply the data obtained earlier. To 
illustrate this fact, the data of airborne sensing of carbon dioxide in the atmosphere over West Siberia are 
shown in Fig. 1a, and the estimate of the pH value corresponding to the equilibrium value of the partial 
pressure of CO2 in the atmosphere – water system for different years is shown in Fig. 1b. as is seen, the trends 
of increasing CO2 (Fig. 1a) are here is good agreement with the results determined by WMO from the global 
monitoring network. 

It follows from Fig. 1b that, even assuming the long-term constancy of the water composition in any water 
reservoir, increase of the CO2 concentration in the atmosphere should change the boundary of the equilibrium 
value.  

Taking into account originality of the nature of Lake Baikal and its effect on formation of weather and 
climate of the region and orienting to the good methodical basis created during many years, in 2002 we started 
the regular comprehensive investigations of the gas exchange processes in the “water – atmosphere” system 
of lake Baikal. 

As the majority of the series of measurements were carried out in the littoral zone of lake Baikal, the 
problem arises of the spatial variability of the components of this process on the whole water area of the lake. 

The series of shipborne expeditions in 2008-2009 allowed us to reveal the main peculiarities of the 
spatial distribution of the carbon dioxide concentration in the near-water atmosphere (Sakirko et al., 2009). It is 
shown, that the diurnal behavior of the partial pressure of CO2 in the atmosphere over pelagic zone of the lake 
is weakly pronounced than over coastal zone. Maximum variations of the atmospheric pressure of carbon 
dioxide over pelagic zone, according to the data of observations in all cruises did not exceed 30 ppm. 

To obtain more complete image of the distribution of the partial pressure of CO2 over the water area of 
the lake we organized airborne measurements. Two flights were performed in July 2008. First, the flight was 
performed along the coastal line at the height of 500 m above the surface. Then measurements were continued 
in crossing the water area of the lake at different heights from 500 to 1000-1100 m. Analysis of the airborne 
data (Fig. 2) has shown that variations of the partial pressure of carbon dioxide at this heights over the area of 
Baikal from coastal zones to the center of the lake in each flight do not exceed 1-3 ppm. 

The difference between the mean values of the content of carbon dioxide in the atmosphere over Baikal 
obtained in two series of observations is caused by the change of synoptic conditions (364 ppm in the first 
flight, and 376 ppm in the second flight). 

On the whole, the obtained airborne data convinced us of the fact that the plumes of remote regular 
sources do not come into the lower layer of the atmosphere over Baikal water area, and the main variations of 
CO2 in the limits of 10-15 ppm are caused, first of all, by synoptic processes. 

Analysis of the shipborne observations makes it possible to conclude that the observed spatial and 
seasonal variations of the amplitudes and the sign of the difference of partial pressures of carbon dioxide in the 
water and in the atmosphere are determined, first of all, by seasonal peculiarities of vital activity of water biota 
of lake Baikal. 

The work was supported in part by the programs of: Presidium RAS No. 16, Department of Earth sciences No. 5 and 
No. 10.1, Russian Foundation for Basic Researches No. 08-05-92499 and 08-05-00258, state contract of Russian Ministry 
of science No. 02.518.11.7153.  02.740.11.0674.  
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Figure 1. a – results of airborne sensing of the CO2 concentration in the troposphere over West Siberia. b – estimate of the 
pH value corresponding to the equilibrium value of the CO2 partial pressure in the “atmosphere – water” system for different 
years (T is temperature of surface water). The long-term average data on the chemical composition of Baikal water and 
atmospheric pressure over Baikal water area are used. (  - 2  
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Figure 2. Results of airborne sensing of the content of CO2 over water area of Baikal (mean height 500 m), (a – July 25, 
2008, b – July 27, 2008). 2  (  
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RESEARCH COMPLEX OF BAIKAL ATMOSPHERIC-LIMNOLOGICAL OBSERVATORY  
(AIMS, RESULTS, PROSPECTS) 

Panchenko M.V., Khodzher T.V.*, Domysheva V.M.*, Sakirko M.V.*, Pestunov D.A. , 
Shmargunov V.P., Zavoruev V.V.**, Belykh O.I.*, Pomazkina G.V.* 

V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 
* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

**Institute of Computational Modelling SB RAS, Academgorodok, Krasnoyarsk 660036, Russia  
 pmv@iao.ru, hydrochem@lin.irk.ru, valzav@icm.krasn.ru 

The choice of Baikal as a subject of investigation of the carbon cycle and its components makes it possible to 
go out of the frames of regional problems, because, in our opinion, Baikal is the only natural laboratory, in 
which the majority of processes can be selected in quite pure form. 

On the first stage of investigations, the main attention was paid for the comprehensive study of the 
process of CO2 gas exchange in the atmosphere – water surface system.  

West coast of Southern Baikal was selected as the main site for carrying out regular long-term 
measurements and creation of the specialized Baikal atmospheric-limnological observatory (Figure 1).  

Observations are carried out in 2-3 weeks long measurement cycles in different hydrological seasons. 
The method of accumulation chamber was preferred for measurement of the CO2 fluxes. Chemical and 
fluorescent analyses of water were carried out in a field laboratory. The pH value, concentrations of dissolved 
oxygen, carbon dioxide, nitrate and phosphate were measured here, as well as scattering and fluorescent 
parameters of water samples. Biological analysis (processing of phyto- and picoplankton samples) was carried 
out after the expeditions in the laboratory of Limnological Institute SB RAS. 

It is shown based on 25 cycles of observations that diurnal rhythm of variability of all measured 
characteristics is well pronounced in all seasons. The greatest amplitudes are observed in the period of 
hydrological summer until September, inclusively. Analysis of fluorescent characteristics and the content of 
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plankton in the surface water makes it possible to conclude that the gas exchange process closely related with 
the vital activity of biota, in its turn, regulates and restricts activity of the photosynthetic processes in water 
plants. 

Further development of investigations plans the study of the CH4 and carbon isotopes gas exchange 
processes. 

The work was supported in part by Russian Foundation for Basic Research (grant No. 08-05-00258) and Program of 
basic researches of Department of Earth Sciences RAS No. 10.1. 
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Fig. 1. External site of the Baikal atmospheric-limnological observatory – a, block-diagram of the instrumentation and 
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ESTIMATES OF ASIAN DUST DEPOSITION OVER THE ASIAN REGION BY  
USING ADAM 2 IN MARCH 2010 

Park Soon-Ung, Choe Anna, Park Moon-Soo 
Center for Atmospheric and Environmental Modeling Seoul, Korea 

supark@snu.ac.kr 

The Asian Dust Aerosol Model 2(ADAM2) with the MM5 meteorological model has been employed to estimate 
the dust (PM10) concentration, wet and dry depositions of dust in the Asian region in March 2010 when 4 Asian 
dust events are observed at the most of monitoring sites in Korea with a maximum concentration exceeding 
2,500 g m-3 at sites located in the southern part of Korea. The model simulates quite well the starting and 
ending times and their peak dust concentration occurring times both in the dust source region and the 
downstream region. The monthly mean dust concentration near the surface in the source region is found to be 
34 g m-3 in the Taklimakan desert, 100 g m-3 in northwestern China, 267 g m-3 in Central northern China, 
125 g m-3 in northeastern China, 4 g m-3 in northwestern India and 0.2 g m-3 over the Tibetan Plateau and 
the monthly total deposition of dust is found to be 3.65 t km-2 (wet deposition 1.00 t km-2 ; dry deposition 2.65 t 
km-2 ), 11.82 t km-2 (wet 0.69 t km-2 :dry 11.13 t km-2 ), 25.38 t km-2 (wet 1.42 t km-2 ; dry 23.96 t km-2 ), 
10.19 t km-2 (wet 1.12 t km-2 ;dry 9.07 t km-2), 0.16 t km-2 (wet 0.01 t km-2 ; dry 0.15 t km-2 ) and 0.009 t km-
2 (wet 0.002 t km-2 ; dry 0.007 t km-2 ) in the respective regions. On the other hand in the downstream regions 
the monthly mean dust concentration is found to be 62 g m-3 in the Yellow Sea, 33 g m-3 in the Korean 
peninsula, 17 g m-3 in the East Sea, 4 g m-3 in the northwestern Pacific Ocean, 25 g m-3 in the East China 
Sea, 1.4 g m-3 in the South China Sea and 0.7 g m-3 in South East Asia. The monthly total deposition of 
dust is found to be 2.33 t km-2, 2.36 t km-2, 2.22 t km-2, 1.46 t km-2, 0.69 t km-2, 0.026 t km-2 and 0.015 t km-
2 in the respective regions. The primary dust removable process from the atmosphere is found to be dry 
deposition over the dust source region whereas the wet deposition predominates over the ocean. The 
estimated dust deposition could adversely impact the eco-environmental system in the downstream regions of 
the dust source regions significantly. 

LONG-TERM FORECASTING OF POLLUTION RISK OF THE BAIKAL REGIONAL ATMOSPHERE 
Penenko V.V. 

Institute of Computational Mathematics and Mathematical Geophysics SB RAS,  
6, Ac. Lavrentjeva av., Novosibirsk 630090, Russia 

penenko@sscc.ru 

A concept and methods of optimal forecasting of atmospheric environment variability under the influence of 
different factors are considered. Air quality in industrial regions depends on how   emission, transport and 
transformation processes of natural and man-made gas substances and aerosols are realized in the real 
atmosphere. One of the main problems is adequate presentation of available data on atmospheric behavior for 
the goals of long-term prediction. 

To make prognoses, a system of modeling is designed, in which the models of hydrodynamics are 
combined with those of transport and transformation of substances. In the frames of the system, all goal 
prognostic criteria and restrictions on the class of functions, available data and models for description of the 
processes and measurements are linked in the integrated model set by means of variational principles. Our 
technology complete the traditional approaches in which the changes of the prognostic state functions are 
calculated by direct modeling methods. 

A feature of novelty of the proposed forecasting technology is as follows. Information on the main 
elements of the “long-term memory” is extracted from the climatic data of about 60-year period. 

These data are used for the construction of hydrodynamic scenarios. As provided by the scenarios, the 
regions of the climate caused risks and vulnerability are calculated with the help of inverse modeling 
procedures. After that, the forecasts are compiled with the use of factual information about acting or potentially 
possible sources of emission.  

To analyze the climatic data and the results of modeling, the methods of orthogonal decomposition are 
used. Besides, uncertainty functions are explicitly introduced into the models of processes and observations. 
This increases the possibilities of the modeling system.  The variational principles are formulated with weak 
constraints to provide the work with such objects. Optimality is meant in the sense that estimations of the goal 
functionals do not depend on the variations of the sought functions in the phase spaces of the dynamics of the 
physical system under consideration as well as on the variations of solutions of the corresponding adjoint 
problems generated by variational principles. 

The technology of optimal forecasting allows one to assess the state functions and functionals and the 
functions of sensitivity, risk, and uncertainty. Joint analysis of  all this information gives the bases for ecological 
design,  arrangement of nature-protecting strategies and directed monitoring with real-time data assimilation  
and allowance for the feedback from the goal functionals to the models.   

 Under climate caused risks we mean the possibilities of appearance of ecologically unfavourable 
situations that can arise under joint action of natural and anthropogenic factors in the specific conditions of 
atmospheric circulation which are formed by the climatic system. From this point of view the feature of the Lake 
Baikal region as a part of the climatic system is in the fact that the lake is the meaningful climate-generating 
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factor in the south of Siberia. The action of the factor is connected with the intensive summer Sayan-Altai 
cyclogenesis and the winter Asia anticyclone.  

As a result of  studies of many years global climatic information by means of orthogonal decomposition 
methods, it is revealed  that the region is situated in the  zone of adjacency of  the large scale circulation 
systems that are formed  in the competition between  two oceans:   the Atlantic and  the Pacific ( in  cold time) 
and  the Indian and  the Arctic ( in warm time). All this creates prerequisites for the high degree variability of 
atmospheric processes in the region.  Thus the zone of direct influence of Lake Baikal is that of potential 
accumulation of pollution which incomes not only from the neighbors but from the vast territories of Northern 
Hemisphere: Siberia, China, Mongolia. It is necessary to study such pecularities and take them into account for 
assessment of ecological perspectives for the region and the lake. 

The work is supported by the Presidium of RAS under Program No 4, the Department of Mathematical Sciences, 
RAS, under Program No 3, the Russian Foundation for Basic Research under grant 07-05-00673. 
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EXPERIMENTAL INVESTIGATION OF THE CO2 FLUXES IN LAKE BAIKAL DURING  
THE PRE-FREEZING PERIOD 

Pestunov D.A., Domysheva V.M.*, Sakirko M.V.*, Panchenko M.V. 
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
pmv@iao.ru, hydrochem@lin.irk.ru 

 
In the framework of the problem of the observed increase of the content of one of the most important 
greenhouse gases – carbon dioxide - in the atmosphere, analysis of the mechanisms determining the direction 
and intensity of CO2 fluxes in the atmosphere – water system seems to be important. 

The method of accumulation chambers was applied for measurement of the CO2 fluxes, and the 
concentration of carbon dioxide in water was determined both by “equilibrator” and by calculation from the 
chemical composition of surface water. It is expedient to analyze  the dynamics of the gas exchange processes 
in the littoral zone of Lake Baikal not during the calendar dates, but in different seasons, which are determined 
by hydrological and biological processes.  

In this paper we consider the pre-freezing period, which is characterized by the absence of ice cover, and 
the temperature of surface water is 1-2 C. As the water is cooled to 1 C, solubility of carbon dioxide in water 
increases almost 1.5 times in comparison with summer time. However, due to significantly decreased the 
content of plankton and, hence, the intensity of photosynthesis, as well as the continuing destruction of organic 
substances, the CO2 concentration in water increases significantly in December. It causes the growth of partial 
pressure in the atmosphere. This process determines the direction of the flux from the water surface into the 
atmosphere (Fig.1). The average rate of CO2 emission from the water surface to the atmosphere in the littoral 
zone of Southern Baikal, according to the results of four measurement cycles performed in December 2005, 
2006, 2008, and 2009, is 110 mg CO2 m-2 day-1. 

Thus, according to the data of our measurements, the littoral zone of Lake Baikal during the pre-freezing 
period is the source of carbon dioxide. 

The work was supported in part by Russian Foundation for Basic Research (grant No. 08-05-00258) and Program of 
basic researches of Department of Earth Sciences RAS No. 10.1. 

 

 
Fig. 1. Average daily the CO2 flux in the water – atmosphere system during the pre-freezing period. Hatched area at the 
bottom shows the mean duration of insolation (  « »  

. ). 

2   
 

., . *, . *,   
. . , 1, . . ,  634021,  

*  ,3, . ,  664033,  

 
 -  -  

, 2  «  – ». 
2 ,  

,  « »,  
.  

,  
, .  



 202 

 « » ,  
 1-2º .  

 1°  1,5 ,  
. , ,  

, ,  
2 .  

, .  
2  ( . 1). -

 
    ,          2005,  2006,  2008,  2009 .,    110  

2
-2 -1.  

,  
. 

 08-05-00258  
 10.1. 

STUDY OF THE TRANSFER AND TRANSFORMATION OF ANTHROPOGENIC SUBSTANCES IN THE 
ATMOSPHERE OF SOUTHERN LAKE BAIKAL  

Potemkin V.L., Makukhin V.L. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

klimat@lin.irk.ru 

Irkutsk region is one of the most contaminated by mercury compounds in Russia. By its impact on the 
organism, the mercury is attributed to the first-class danger ("extremely hazardous”) substances. Despite this, 
the mercury and its compounds are widely used in various industries. Each year up to 10 tons of mercury goes 
into environment due to human activity. Three industries are major anthropogenic sources of its emission: non-
ferrous metallurgy plants receiving the metal from the mercury-containing rocks, mining and processing of ores 
of various metals, where the mercury acts as a companion component, chemical and electrochemical 
industries. Pollution of environment occurs also during combustion of liquid and solid fuels, as well as the use 
of mercury for extraction and concentration of gold.  

The purpose of this study was to investigate the processes of distribution and deposition of mercury 
compounds in the region of Southern Lake Baikal using mathematical models of propagation and 
transformation of pollutants. Industrial facilities located in the cities of Usolie-Siberian, Angarsk, Shelekhov, 
Irkutsk, Slyudyanka, and Baikalsk served as the sources of Hg emissions.  

Modeling of propagation of pollutants was carried out in the area 200 200 km2 and height 4 km above 
the surface of Lake Baikal. Temporal and spatial (horizontal) steps were specified to be 150 s and 1 km, 
respectively. A step along the vertical axis was specified as follows: it was 50 m from the water surface to 350 
m height, and further 150, 500, 1000, and 2000 m. The coefficients of turbulent diffusion were calculated using 
the ratios of the semi-empirical theory of turbulence.  

The contribution of enterprises located in the Baikal region into contamination of Southern Lake Baikal by 
the mercury compounds by air emissions was estimated. It was found that emissions of the enterprises located 
in the cities of Slyudyanka and Baikalsk have the greatest impact on the lake (72% of the total). Much less is 
the effect of the Irkutsk-Cheremkhovo industrial complex (28%), due to remoteness of its sources of emissions 
from the lake and the presence of orographic irregularities that impede the transfer of impurities. 

To evaluate terrain influence on the mercury transfer in the Baikal region, we made calculations both 
taking into account the terrain and missing it. It was found that when there is the north-west wind of 2 m / s 
velocity, the Primorsky ridge and the plateau Olkhinskoye hold up about a third of the mass of mercury entering 
the lake surface. 
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HYDROLOGICAL SUMMER AT LAKE BAIKAL – THE PERIOD OF MAXIMUM SINK 2  
FROM AN ATMOSPHERE 

Sakirko M.V., Domysheva V.M., Pestunov D.A.*, Panchenko M.V.* 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

* V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 
hydrochem@lin.irk.ru, pmv@iao.ru 

As applied to conditions of Lake Baikal, we selected the value of daily mean temperature of water surface 
below or above 10 C as a simple criterion of division into seasons. According to this definition, hydrological 
summer in the littoral zone of Southern Baikal, as a rule, begins in the second half of July and continues until 
the middle of September.  

Generalizing the data on seasonal features of the carbon dioxide gas exchange process in the 
atmosphere – water system in the littoral zone of Southern Baikal, let us note that the maximum amplitudes of 
the diurnal behavior of CO2 in water and sink of carbon dioxide from the atmosphere to the water surface are 
observed in August. The mean rate of the sink in August – September in the littoral zone of southern Baikal 
estimated from the results of four measurement cycles is 100 mgCO2 m-2day-1 (Figure 1a). 

Experiment on simultaneous measurement of the diurnal behaviors of the CO2 fluxes in littoral and 
pelagic zones of the lake has shown that the diurnal behavior of the carbon dioxide flux was absent in the 
pelagic zone, and the sink to the surface was observed during the whole period of measurements, and its daily 
mean value is 3 times greater than in the littoral zone 9326 mgCO2 m-2day-1 and 95 mgCO2 m-2day-1, 
respectively, Fig. 1b). 

Thus, data of measurements allow us to conclude that, during the period of hydrological summer, Baikal 
is the sink of carbon dioxide, and the contribution of the pelagic zone of the lake into the daily mean sink is 
noticeably greater than that of the littoral zone. 

The work was supported in part by Russian Foundation for Basic Research (grant No. 08-05-00258) and Program of 
basic researches of Department of Earth Sciences RAS No. 10.1. 
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Figure 1. Mean diurnal behavior of fluxes in summer 2004-2008 – a (hatched region at the bottom shows the mean duration 
of insolation in this period) and comparison of the mean diurnal behavior of fluxes in the littoral and pelagic zones of the 
lake  – b. (  2004-2008 . –   

)  
 – b). 
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PECULIARITIES OF DISTRIBUTION OF ATMOSPHERIC AEROSOL CHEMICAL COMPOSITION OVER 
BAIKAL LAKE BASIN 

Simonenkov D.V, Belan B.D., Ivlev G.A., Rasskazchikova T.M., Tolmachev G.N. 
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

simon@iao.ru 

The present paper is aimed at the study of the peculiarities in the spread of chemical elements over the water 
area of Baikal Lake. It was initiated by the phenomenon of air circulation on the lake perimeter 
counterclockwise revealed in the course of airborne atmospheric sensing in september 1991. Thus, there are 
two circulation branches above the water area, about 600 km long each, which move in the opposite directions 
along the west and the east coastline of the lake. This phenomenon explains the occurrence of the aerosol, 
whose chemical composition is close to that of the Irkutsk industrial center, above the entire water area of the 
lake. 

Airborne sensings in boundary layer of Baikal Lake atmosphere were repeated in June 1995 and July 
2008. To analyze the chemical composition of the aerosol, atmospheric air was pumped through the Petryanov 
filters. To analyze the insoluble aerosol fraction the atomic emission spectroscopy was used. To analyze the 
ionic composition of aerosol particles the atomic absorption and the high performance liquid chromatography 
methods were used. 

Because of the large time interval between the expeditions and diffrent conditions, we cannot 
representatively compare the quantitative aerosol composition in the same measurement sites. However, the 
pattern of atmospheric aerosol distribution above the water area of the lake may result in pollution of the 
northern part of Lake Baikal, although powerful sources of emissions are absent there. 

This work is supported by the Program No. 16 of Presidium of RAS, Program No5 of the Branch of Geology, 
Geophysics, Geochemistry and Mining Sciences of RAS, Russian Foundation for Basic Research (grant No 08-05-92499), 
Ministry of Education and Science of Russian Federation (grants  02.515.11.5087 and 02.518.11.7153). 
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MEASUREMENT OF DIMETHYL SULFIDE CONTAINED IN SURFACE WATER OF LAKE BAIKAL 
Toda K, Obata T, Tokunaga W, Kuwahara H, Obolkin V*, Potemkin V*, Khodzher T.* 

Department of Chemistry, Kumamoto University, 2-39-1, Kurokami, Kumamoto 860-8555, Japan 
* Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

todakei@sci.kumamoto-u.ac.jp 

Sulfur compounds plays important role in natural water. Sulfide removes heavy metals from the bulk water. 
Living things produce sulfur containing amino acids and other compounds such as dimethylsulfoniopropionate 
(DMSP) which controls osmotic pressure of cells. Major sulfur compounds are volatile and will be emitted to 
atmosphere. Lovelock proposed contribution of DMS emission from ocean as a source of atmospheric sulfur, 
many researchers have been investigating DMS in oceanic atmosphere. However, there are few reports on 
DMS in limnological waters. The sulfur compounds are unstable so that they should be analyzed on site. We 
have developed a new method to determine these compounds in low concentrations. It was based on 
vaporization of the volatile compounds and collection of the vapors. The gaseous sulfur compounds can be 
measured by our new instruments called micro gas analysis system ( GAS) and single column 
trapping/separation (SCTS-CL). We have measured gaseous sulfur compounds by these instruments around 
pulp and paper plants (Toda et al., 2010). For water analysis, on the other hand, 10 mL of sample water placed 
in a plastic sample tube and then purified air was bubbled through the solution. The generated vapors were 
introduced to GAS and SCTS-CL instruments to measure DMS. H2S  and  CH3SH were also measured 
simultaneously. These methods were very sensitive even they could be performed on ship. The sampling and 
measurements were performed on ship “Papanin” in summer 2009 in Lake Baikal. Though the levels were very 
low, in nanomole per liter, but DMS was detected in the all sample waters.  

EXPERIMENTAL INVESTIGATION OF THE POLLUTION DEPOSITION IN PLUME OF  
NORILSK MINING AND SMELTING COMPLEX 

Tolmachev G.N., Belan B.D. & Simonenkov D.V. 
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

simon@iao.ru 

Norilsk is the largest industrial center in Arctic and one of the largest in Siberia. The main sources of air 
pollution are non-ferrous metallurgy enterprises including in Norilsk mining and smelting complex. Emissions of 
sulfur dioxide by these enterprises were the highest in the former USSR and reached 10% of the total 
emissions. It provided 96% of emissions, and 1–1.5% were dust, carbon oxide, and nitrogen oxides. One of the 
negative effects of emissions of industrial enterprises of Norilsk on environment is fall-out of sulfur compounds 
from the atmosphere.  

The measurements data of gases concentrations, chemical and dispersive composition of aerosol, and 
meteorology carried out by means of both Antonov-30 “Optik-E” airborne-laboratory and ground-based mobile 
station in Norilsk region on November 2002 and August 2004 were used to construct evaluate a degree and 
character of Norilsk mining plant influence on air basin quality. 

In addition to direct measurements during the flight on 10th November 2002 the aerosol samples were 
collected, from which one can follow the transformation from gas to particle. The paths were selected 
perpendicularly to the wind direction at different distance from the source (of 50 to 120 km far from the city). 
Under inversion layer at altitude 400 m the content of sulfate arisen from 4 to 51 % mass., as calcium content 
declined from 64 to 9 % mass. However, high SO2 content in the aged plume in combination with dry arctic air 
allowed to draw a conclusion that there were observed dry heterogeneous condensation of SO2 up to CaSO3, 
that then is oxidized to CaSO4 by photochemical mechanism and fall out from atmosphere. Probably, life time 
of SO2 in such solitary plumes can amount to many days. It is clarified occurrence of affection by acid 
precipitation of some zones of Siberian taiga for many hundreds kilometers from Norilsk. 
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Thus, it follows from the experiment that the concentration of sulfur dioxide remains high in urban plume 
at significant distances. The effective transformation gas-to-particle begins at the distance more than 50 km 
from the source, which is accompanied by the change of the aerosol chemical composition. As a result, sulfate 
aerosol begins to dominate. Moreover, the estimates have shown that precipitated amount of sulfates 
generated in the plume can reach the value of 281 t/(km2 year) in the region where this process occurs. Our 
estimate of sedimentation of sulfates is significantly greater than the mean value obtained earlier for the 
territory of the former USSR and is close to the estimates obtained for the regions with high volumes of 
emissions of sulfur dioxide (Fournier N., et.al., 2004), although it exceeds them by 1.5–2 times. 

This study was done according to order of the Institute of Forest SB RAS and was supported in part by 
Interdisciplinary project SB RAS No. 130 “Ecology of industrial cities of Siberia” and Russian Foundation for Basic Research 
(grants No. 04–05–08010, 04–05–64559, 08-05-92499).This work is also supported by the Program No. 16 of Presidium of 
RAS, Program No5 of the Branch of Geology, Geophysics, Geochemistry and Mining Sciences of RAS, Ministry of 
Education and Science of Russian Federation (grants  02.515.11.5087 and 02.518.11.7153). 
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DIURNAL VARIATION OF VARIABLE FLUORESCENCE OF PHYTOPLANKTON IN BAIKAL LAKE 
Zavoruev V.V.*, Panchenko M.V.*, Domysheva V.M.***, Sakirko M.V.***, Pestunov D.A.** 

*Institute of Computational Modelling SB RAS, Academgorodok, Krasnoyarsk 660036, Russia  
** V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 

*** Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
valzav@icm.krasn.ru, pmv@iao.ru, hydrochem@lin.irk.ru 

Baikal lake phytoplankton play a key role in gas exchange at the interface between the atmosphere-water. 
However, if rapid, instrumental recording of diurnal variations of carbon dioxide does not cause trouble, then 
the methodology of real-time monitoring of daily changes of photosynthetic activity of phytoplankton is under 
development. In the paper (Doklady Earth Sciences, 2007, Vol. 413A, No. March, pp. 402-405), we have 
shown prospects of fluorescence techniques. It was found that in summer there is the diurnal variation of 
variable fluorescence (Fv) of phytoplankton. And is there such a law in other seasons? This was the purpose of 
this work.  

Studies conducted from 2006 to 2010 near the village of Big Cats. Daily variation of the variable 
fluorescence was revealed by averaging and statistical analysis of the results of regular observations of 9-15 
days.  

During freeze-up (February-early April) there are two types of variation of curves of variable fluorescence. 
The first type (Fig. 1) was observed in 2006, 2008 and 2010. Here, in the light period, the value of variable 
fluorescence decreased and was significantly lower than in the night period. The second type of diurnal 
variation of Fv, which is characterized by the increase in the Fv in the daytime was recorded in 2007 and 2009. 

In December, when daylight hours are not more than 8 hours, the first type of daily variation of Fv 
observed in 2007 and 2009, while the second - in 2006 and 2008.  

In summer-autumn period, the lake surface is illuminated within 13-16 hours. At this time (2006-2009 
years) the first type of diurnal variation of the variable fluorescence is almost always observed. The second 
type was recorded only once.  

Thus, the diurnal variation of the variable fluorescence exists in all seasons. The decrease of value of Fv 
daytime observed in 70% of the observations that were performed between 2006 and 2010. 

The work was supported in part by Russian Foundation for Basic Research (grant No. 08-05-00258) and Program of 
basic researches of Department of Earth Sciences RAS No. 10.1. 
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Fig. 1. Daily variation of the variable fluorescence of phytoplankton in the period from March 29 to April 8, 2010. Vertical 
dashed lines indicate sunrise and sunset (  29 

 8  2010 . ). 
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DYNAMICS AND PROPERTIES OF AEROSOL AND GAS COMPOSITION  
OF ATMOSPHERE OF MONGOLIA 

Zhamsueva G.S.*, Zayakhanov A.S.*, Tsydypov V.V.*, Ayurzhanaev A.A.* , Golobokova L.P.**, 
Khodzher T.V.**, Balin Yu. S.***, Panchenko M.V.***, Azzaya D.****, Oyunchimeg D.**** 

*Department of physical problems BSC SB RAS, 6, Sah'janova St.,Ulan-Ude 670047, Russia 
** Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

*** V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634021, Russia 
****Institute of Meteorology and Hydrology, 5, Juulchni gudam, Ulaan-Baatar -210644, Mongolia 

In given work results of research of surface ozone, nitrogen oxides concentration, ionic compound of aerosol 
and its microphysical characteristics in atmosphere of Mongolia arid climatic zone (desert Gobi) during 
Russian-Mongolian expedition in 2005-2009 are presented. 

The analysis of variations of trace gases content both disperse structure of aerosol and their interrelation 
with meteorological and turbulent characteristics is resulted. High concentration of ozone and nitrogen oxides 
connected with features of atmospheric circulation in the conditions of arid territories of Mongolia is revealed. 
The significant content of sulfates-ions and nitrates-ions in a chemical compound of aerosols caused by 
influence of anthropogenous sources is noted. On basis trajectory models HYSPLIT the analysis of long 
transport ways of anthropogenous impurity in region, where influence of local sources of emissions during this 
period of year is lack is carried out. 

This work was made at financial support of integrational proj. SB RAS  75, 13 and project of Presidium RAS  16. 
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6. HYDROPHYSICS AND HYDROCHEMISTRY IN DEEP WATER BODIES, BIOGEOCHEMISTRY OF 
BENTHIC COMMUNITIES. , 

. 

 
 

MODELS AND METHODS FOR RESOLUTION OF TASKS OF ENVIRONMENT PROTECTION 
Arguchintseva .V., Arguchintsev V. ., Vologzhina S.Zh. 

Irkutsk State University, 1, Karl Marx st., Irkutsk 664003, Russia 
arg@math.isu.ru 

The strategy o  human survival during a period of technogenic and natural disasters the frequency and scale of 
which increase, thoughtless resources management, neglecting of modern technologies and purification 
devices, unjustified selection of sites for dangerous industry placement result in belated solutions and 
emergency liquidation of the consequences of generating problems. Within problems stated, there is an actual 
task to construct mathematical models for description of processes occurring in the atmosphere, hydrosphere 
and on the bedding surface aimed both to diagnosis and to running of different potential options to prevent or 
completely exclude negative consequences. Under the conditions of intended project realizations, limited or 
absent observations, the abilities of models for experiments, hypotheses tests and forecast considerably 
increase. 

The authors propose a set of mathematical models. E.g., hydrodynamic models are designed for 
description of currents in the atmosphere and water bodies with a complex relief and bottom configuration 
taking into account obstacles flow around. Calculated characteristics by these models allow to estimate 
absolute concentrations of the pollutants emitted into the atmosphere by industrial enterprises or by cars under 
the conditions of complex urban building, as well as of ones incoming in the water bodies via submerged tubes 
or with rain drainage. 

However, in numerous practical tasks the interest is directed towards the zone of dangerous compounds 
concentrations both from viewpoint of exceeding of the norms stated for them (e.g., maximal allowed 
concentrations), and from one of long period of environmental impact. Just a continuous impact of the 
pollutants creates a real threat to the most sensible natural patterns and organisms, results in a cumulative 
effect which can lead to delayed negative consequences and to irreversible deviations from a sustainable 
equilibrium. In this case, the most informative are results obtained by so-called climatic models taking into 
account a probability structure of mezzo- and microclimatic conditions determined by the state of the system 
atmosphere – hydrosphere – inland active layer. Climatic models give an opportunity to estimate both the 
frequency of generation of dangerous concentrations and the duration of their impact and to calculate for a 
definite time interval particles accumulation on the bedding surface. While modeling of dumps, ash dumps and 
industrial emissions dusting, we take into account the particles spectrum and, consequently, the probabilities of 
their detachment from the surface at different rates and the gravitational rates themselves. 

All the models were tested at numerous structures in Mongolia, China, as well as in Russia, in such cities 
as Khabarovsk, Ulan-Ude, Chita, Gusinoozyorsk, Kamensk, Selenginsk, Irkutsk, Shelekhov, Bratsk, Angarsk, 
Usolye-Sibirskoye, Cheremkhovo, Tulun, Tayshet, Omsk, etc. By the results of calculations one revealed who 
was to blame in the accidents o  periodically rising ecological problems, one forecasted potentially 
unfavourable situations from available or planned enterprises, as well as probable consequences, one 
estimated the contribution of some enterprises and transport into total environment pollution, one 
recommended choice of areas for new structures (industrial enterprises and sites of survey of the environment 
state). 
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TRANSPORT OF SUSPENDED AND DILUTED ADMIXTURES IN THE BAYS OF LAKES UNDER THE 
INFLUENCE OF SISTEMS OF STRATIFIED CURRENTS  

Avilkin I.A., Samolyubov B.I., Ivanova I.N., Sheynkman E.L.  
Department of Physic of Sea and Inland Waters, Faculty of Physics, Lomonosov Moscow State University, 

GSP-1, Leninskie Gory, Moscow 119991, Russia 
samolyubov@phys.msu.ru 

The propagation of suspended sediments and diluted admixtures in seas, lakes and reservoirs is to a large 
extent determined by transport ability of systems of stratified currents. By the elaboration of methods of forecast 
of the distribution of admixtures in water basins it’s necessary to take into account the role of such systems with 
near-bottom, jet, drift and other currents interacting with each other. The diffusion of suspended sediments, 
diluted salts and gases in stratified currents is often linked with the complex action of the internal waves and 
turbulent exchange on the energy- and masstransfer. The amplification of generation of turbulence by the 
decrease of current’s stability may lead to the emission of eddies from the zones of loss of stability into 
surrounding waters. We discovered such a phenomena when analyzed the development of systems of stratified 
currents in Petrozavodsk bay of Onega Lake (August-September 2007, 2008). This process was followed by 
the emission of turbidity clouds from the near-bottom current into the upper water layers with simultaneous 
accelerations of the jet. Another system of currents analyzed in this work was discovered in Volkhov bay of 
Ladoga Lake in August 2009. The detailed structural investigations were performed using Doppler current 
prophiler RDCP-600 and multiparameter probe RCM-9 (Aanderaa Instruments) and other probes at the 
crossings and temporal stations. 

The purposes of this work are the following: 1) the revelation of mechanisms of energy- and 
masstransfer in the systems including near-bottom current, intermediate jet, circulation induced by the wind in 
the bay and currents caused by internal seiches; 2) the elaboration of the methodic of theoretical description of 
the systems of currents and of the transfer of admixtures.  

Essential results. 
1. There were selected the main stages of energyexchange (induced by internal wave) between near-bottom 
current and intermediate jet with emission of turbidity clouds from the near-bottom layer. 
2. There were proposed the hypothesis about the vortex-wave transfer of pulse from the near-bottom flow in 
the system of currents. The dependences of current velocity disturbances from the stability of current, near-
bottom flow height and from the parameters of the internal wave were revealed.  
3. The theoretical current velocity distribution including averaged profile of current and the profile of current 
disturbances is in agreement with data of measurements in Petrozavodsk bay of Onega Lake. It confirms the 
hypothesis about the vortex-wave mechanism of the discovered process.   
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4. There were revealed the structure of the system of currents in the bay including the river jet, flows caused by 
internal seiches and circulation current (on the base of the measurements in Volkhov bay of Ladoga Lake). 
There were discovered blocking of the immersed river jet by opposite inflow of waters from the open lake. 
5. It was established that current velocity profiles calculated using the proposed model are in agreement with 
measured ones.  
6. There were revealed the cells of circulation with opposite directions at the intermediate depth and near the 
bottom.  
7. The discovered blocking and the circulation of the river jet in the bay lead to the retention of the admixtures, 
incoming from the river, in the bay. As a result the eutrophication with intensive blooming of waters takes place. 

This work was supported by RFBR (project 8-05-00574). 
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ON SPATIAL DISTRIBUTION OF MIXING OF RIVERINE AND LACUSTRINE  
WATERS OF LAKE BAIKAL 

Blinov V.V., Sinyukovich V.N., Ivanov V.G. 
Limnological Institute of RAS SB, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 

bwad@lin.irk.ru 

In freshwater systems, use of methods for joint analysis of waters hydrophysical parameters (temperature, 
electric conductivity) under the condition of direct impact of the tributaries allows to find out zones of their 
impact and to investigate the process of riverine waters transformation. At sufficient difference of water masses 
characteristics (hydrophysical or hydrochemical) one can determine the fraction of riverine waters in the zone of 
their transformation and mixing: 

K  = (  – ) / (  – ), 
where  are values of vertical distribution of a parameter adopted at a station in the mixing zone,  are its 
initial valus in the riverine water and  are values of vertical distribution of a parameter in the lacustrine part 
before mixing zone. Having numerical values of C at separate stations,  and   (in the river inlet) for a 
definite period we can calculate the ratio of riverine and lacustrine waters at different distance from the site of 
the tributaries input. As a selected water masses parameter, we used an ionic component of mineralization 
(ions sum) which is determined by water electric conductivity measured with high-precision CTD-probes SBE 
(Sea-Bird Electronics, USA. In 2009, we obtained new data of CTD measurements in pre-mouth zone of weakly 
mineralized waters of the tributaries of Southern Baikal South-Eastern shore (Utulik, Khara-Murin, Snezhnaya 
Rivers). As characteristics of lacustrine waters, we used CTD data at the stations in half-sections from 1 to 7 
km from the shore. 

Waters of the tributaries considered mixed with lacustrine ones and incoming from Khamar-Daban range 
are distributed under the influence of cyclonic circulation along the South-Eastern shore of Southern Baikal. By 
data of regime observations of Russian Meteorological Survey (Rosgidromet) for 1996-2007, average annual 
drainage of the rivers considered (2.6 km3) was ca. 5% from surface income into the lake in total or 58% of 
annual income of surface waters into the Southern basin (without taking into account Selenga R.). The largest 
tributary of the Southern basin is Snezhnaya River with annual drainage of 1.3 km3. 

In winter, riverine waters transformation occurs in a very narrow near-shore zone (<1 km) due to 
extremely low drainage values and maximal ions sum (in average up to 70 mg/l) in the waters of the tributaries 
considered. By July, a low fraction of riverine waters in the mixing zone (up to 1.5%) was noticed only in 1 km 
from Solzan settl. in the lake surface layer. At the stations of half-section near Tankhoy settl., the fraction of 
riverine waters increased, this is due to the impact of Snezhnaya R. The calculations have shown that in 1 km 
from Tankhoy settl., the fraction of riverine waters in the surface layer (up to 10 m) was 12%. 

The most noticeable presence of tributaries waters as well as increase of the zone of their influence was 
observed in August, this is due to drainage seasonal maximum. It results in the decrease of ions sum in near-
shore areas from the Eastern side of the basin (Fig. 1). Near Solzan settl., the impact of weakly mineralized 
riverine waters was noticed only in up to 3 km from the shore, where their fraction (2%) decreased with depth. 
At half-section stations near Tankhoy settl., maximum of riverine waters content also was observed, but at the 
horizon of 20 m. Maximal content of tributaries waters at the station in 1 km from Tankhoy settl. was 12% with 
an abrupt decrease by 40 m up to 3%. At the depth of 160 m, the fraction of riverine waters was minimal. Quite 
other pattern was observed at the station in 3 km from the shore. Here the maximal content of tributaries waters 
was 10% with an abrupt decrease up to 4% in the layer of 30-40 m. At the station in 5 km from Tankhoy settl., 
the maximum of riverine waters content wass observed at the depth of 20 m with the value ca. 7%, and at 40 
m, the fraction of riverine waters was 2%. Like at the station in 3 km, the content of tributaries waters was close 
to zero at the depth of 160 m. It is important to notice that even at the station in 7 km from the shore, maximal 
fraction of riverine waters was observed in the surface layer – 2.5%. 

To conclude, we can notice that at maximal riverine drainage – in August, the waters of weakly 
mineralized tributaries of Southern Baikal are expanded up to 7 km from the shore at the content of ca. 3%. 
One can see on the Figure that maximal fraction of riverine waters from 12 to 5% is observed in the surface 
layer (up to 40 m) at the distance up to 5 km from the shore. In 3 km from the shore, mixed waters with the 
content of riverine waters <5% sink$ this is most probably due to the forcing of currents along the shore. 

The investigations are supported by RFBR grant No 09-05-00763. 
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Fig. 1 Fraction of riverine weakly mineralized waters (%) in the near-shore zone of Southern Baikal at half-cross-section 
from Tankhoy settl. (left) and vertical distribution of ions sum (right) at the stations in 3 km from Solzan settl. (1-3), in 1, 3, 5, 
7 km from Tankhoy settl. (2-1, 2-3, 2-5, 2-7), August, 2009 (  (%)  

.  ( )  
 ( )  3 .  (1-3), 1, 3, 5, 7 .  (2-1, 2-3, 2-5, 2-7),  2009 .). 
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BAIKAL NEUTRINO TELESCOPE AS A DEEP-WATER LABORATORY  
FOR INTERDISCIPLINARY RESEARCHES 

Budnev N.M. (Collaboration “Baikal”) 
Irkutsk State University, 1, K. Marx st., Irkutsk 664003, Russia 

Tel (3952)33-21-70; fax (3952)33-21-40 
nbudnev@api.isu.ru 

In 1998 year on Lake Baikal the first in the world deep underwater Neutrino Telescope NT200 was put into 
operation (Belolaptikov et al., 1997), the effective volume of which was increased then by an order in 2005 
(Aynutdinov et al., 2006). Unique favourable conditions of the site were very important for success of the 
project. Using hundreds different sensors of Baikal Neutrino Telescope underwater complex we obtained a 
series of world-level results not in the astroparticle physics only but in the field of different Earth sciences as 
we. During recent years we carry out intensive researches toward mounting a new neutrino telescope, NT1000, 
one cubic kilometre in volume (Aynutdinov et al., 2008). It should help to solve many fundamental problems of 
the modern physics. 

The water medium of Lake Baikal is a functioning part of the Baikal Neutrino Telescopes and therefore to 
study its properties and processes, influencing generation, spreading, and detection of optical and acoustic 
signals born by interaction of neutrino with water, is an important item of the Baikal neutrino project (Aynutdinov 
et al., 2009). In the frame of the project, there were designed new methods and devices for the lake study, 
collected experimental and observational data, and developed new methods for the interdisciplinary analysis of 
data large in volume. Especially important was mounting a set of subsurface mooring equipped by several 
hundred optical, acoustic, hydro-physical etc devices allowing us to carry out long-term multi-parameter 
monitoring of hydro physical biogeochemical processes in Lake Baikal. An advance of such an approach is in 
that obtained data on biotic and abiotic characteristics of the lake ecosystem allow us to understand better 
processes with different spatial and temporal parameters and to study as comparatively weak trends in the lake 
as quick events, which reflect seasonal and interannual dynamics of different processes in the qualitative and 
quantitative scales. These processes exhibit their high non-stationary and non-homogeneous behaviour of 
most hydro-physical, hydro-biological, and hydro-chemical indexes of the medium. This approach provides a 
correct assessment of the modern state of the Lake Baikal ecosystem that allows us to predict ecological 
changes in the lake caused obviously by global natural processes and as a consequence of the anthropogenic 
activity.  

The main topic of the report is the research of hydro-physical processes modulating mainly biological 
rhythms in the lake and peculiarities of its biodiversity and hydro-habitant endemism. This research is carried 
out in cooperation with EAWAG(Switzerland) and Limnological Institute of RAS in fields of both “traditional” 
medium parameters such as temperature, current speeds etc obtaining by a 3D-net of several tens of 
commercially available devices TR-1050, TR-1060, Aanderaa and so on which were mounted at 4 buoy 
stations along all the depths and using own manufactured devices enabling us to carry out the long-term 
monitoring of primary optical parameters (Balkanov et al., 2003; Balkanov et al., 1999), Baikalian water 
luminescence (Belolaptikov et al., 1998), and vertical component of the Earth’s electric field (Shneer et al., 
2007) and to study dynamic processes by acoustic methods including the method of coherent acoustic probing 
(Budnev et al., 2008). Based on the obtained data, we concluded about the vertical heat and mass transition in 
the lake, namely on sinking the surface waters to the bottom along the abrupt north-western under-water slope 
of the lake. Also possible changes in hydro-physical and hydro-chemical processes caused by the growth of 
average air temperatures have been analysed (Budnev N.M. et al., 2007; Shmid et al., 2008).  

This work was supported in part by the Russian Ministry of Education and Science (Contract 02.740.11.0018, P1242, 
zadanie RNP 2.2.1.1/1483, RNP 2.1.1/1539, RNP 2.2.1.1/5901, REC «BAIKAL») 
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NONSTATIONARITY OF FREQUENCY ATTENUATION DISPERSION DURING ACOUSTIC PROBING ON 
LAKE BAIKAL IN 2009 

Budnev N.M., Il'in N.V.*, Orlov I.I.*, Pan'kov A.L., Pan'kov L.V. 
Irkutsk State University, 1, K. Marx st., Irkutsk 664003, Russia 

*Institute of Solar-Terrestrial Physics SB RAS, 126a, Lermontov St., Irkutsk 664033, Russia 
apankov@api.isu.ru 

Hydroacoustic methods in principle are capable of long-term monitoring of dynamic processes in large water 
medium volumes and obtaining information about integral properties of water volume under investigation. That 
distinguishes such methods from traditional data collection by local probing. As a result of test experiments on 
coherent probing of under-ice water in lake Baikal by narrow-band acoustic signals it were found new 
peculiarities of the signal phase passed through water medium, which points to nonstationarity of the medium 
(Budnev et al, 2008). Furthermore, it was found that attenuation dispersion is nonstationary on the signal currier 
frequency; the dispersion was measured by widening of phase figure of the signal.  
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In this paper results of the experiment carried out from 14:28 24 March till 18:07 28 March 2009 (local 
time) are presented. It was used eight hydrophones placed on straight line on the depth of 7.5 m from the 
bottom of ice cover. Two emitting hydrophones were placed on line edges and six receiving hydrophones 
spaced by 10 m apart – in the middle of the line. This set up was placed 450 m from shore in parallel to shore. 
The probing signal had a form of cos2 t sin2 ft  with f  in a range from 19912 Hz to 37589 Hz (we used 12 
different currier frequencies placed uniformly on logarithmic scale). For the sake of monitoring of the 
attenuation dispersion it were used both the aptitude of the received signal and the widening of the signal figure 
on a phase diagram. The last parameter is proportional to the tangent value of the slope angle of transfer 
function at the currier frequency (Orlov, Il'in, 1994). 

Fig. 1. depicts signal amplitude received by hydrophone R2 on 3 different currier frequencies (37589 Hz, 
35479 Hz and 25088 Hz) from transmitter TL. During monitoring period the amplitude has changed for more 
than 25%, and its variations for lower frequency (25088 Hz) are appreciably lower than for two high frequencies 
(for clearness amplitudes are normalized for their mean values during first 24 hours of observation). At the 
same time phase dynamics for different frequencies differs less, furthermore phase variations are not 
significant relatively to full phase path. It is possible that resonant attenuation processes due to physical of 
biological objects has place; at the presence of such processes phases may vary to a little degree but 
amplitudes and consequently attenuation rates may vary significantly depending on frequency. 

As an additional parameter for attenuation dispersion phase figure width was used (Fig. 2.). This 
parameter changes in a wide range. For low frequency the width is not so variable as for high ones and for two 
high frequencies one can see considerable differences in dynamics. So that this parameter jointly with 
amplitude shows that attenuation rate is nonstationary and dramatically depends on frequency.  

The results tell both about potential informativeness of the method and about high inhomogeneity and 
nonstationarity of under-ice water in lake Baikal. At present it is not clear whether such results can be explained 
only by hydrodynamic processes or sound absorption by bio-objects is substantial. 

This work was supported in part by the Russian Ministry of Education and Science (Contract 02.740.11.0018, P1242, 
zadanie RNP 2.2.1.1/1483, RNP 2.1.1/1539, RNP 2.2.1.1/5901, REC «BAIKAL») 

 
Fig. 1. Relative amplitude of the signal witch was received by R2 hydrophone spaced by 45 m from emitting 

hydrophone TL ( ,  R2,  45  
 TL). 

 
Fig. 2. Relative width of phase diagram of the signal ( ). 
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BALANCE ASSESSMENTS OF THE SUBSTANCES-INDICATORS IN 
THE BASIN OF A SMALL RIVER 

Chipanina E.V., Kuchmenko E.V.*, Sezko N.P. 
Limnological Institute of SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

*Institute of Energy Systems by L.A. Melent’ev of SB RAS, 130, Lermontova St., Irkutsk 664033, Russia 
yelena@lin.irk.ru 

Within the river’s basin, movement of the substance in adjoint landscapes is accomplished from  higher 
hypsometric levels to lower ones. All substances that enter the geosystem during the natural and 
manufacturing process, not removed with the production, not gone with the wind flows and not bound within the 
soil, are in geochemically subordinated part of the landscape, and accumulate in the bottom sediments of the 
river or are currying out with the riverine waters. 

A method of environmental monitoring based on the system analysis of the paths of movement and 
transformation of the substances-indicators in the catchment area, including the air emissions and waste water 
discharges, is examplified by a small river (the Olkha River, the Irkutsk region, Russia) intensivaly affected by 
the industrial complex. 
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The aluminum plant (Irkutsk Aluminium Plant of Siberian-Ural Aluminum Company - IrkAP Sual), Heat 
Power Plant (the Shelekhov part of Novo-Irkutsk HPP), and "Silicon" enterprise serve as major (95%) stationary 
sources of anthropogenic emissions. Sulfates and fluorides were chosen as indicators of the chemical pollution 
of the environment in the Olkha River basin.  

This work aims to examine ways of migration of substances-indicators from the source of pollution into 
the geosystem and to evaluate all possible sources of their emissions. During 2008-2010, 74 samples of snow, 
56 samples of fluvial water, 33 soil samples, 8 samples of bottom sediments were sampled on the territory of 
the Shelehov industrial zone and analyzed. In addition, the data on emissions of the city of Shelekhov were 
used.  

For a detailed description of the field of deposition of pollutants around the industrial zone, sampling was 
carried out in a grid-points along eight directions: NE, E, SE, S, SW, W, and NW. Three samples were taken in 
each direction: in immediate vicinity (100-200 m) of the emissions source, at a distance of 1 km and at a 
distance of 2-3 km from the source. To assess the degree of contamination of the Olkha Rivar basin, samples 
were collected at the following stations: station 1 - conditionally background (17 km south of the city of 
Shelekhov); station 2 - natural mineral springs; station 3 - upstreams the confluence of the draining stream and 
the Olkha River (3.5 km from the industrial zone), station 4 - drain creek of the HPP ash dump; station 5 – 
downstream the confluence of the stream (1.5 km from the industrial zone). 

To calculate the surface fields of pollution by substances-indicators the official data on the emissions of 
enterprises located within the study area (Table 1) where used. When simulating the impact of these emissions 
on the air quality, the standard model of dispersion ISC3, developed by the Agency for the U.S. Environmental 
Protection, was used. Maximum concentrations of fluorine-containing compounds deposited on soil and on 
snow cover are determined by the air transportation and precipitation from the atmosphere. They correspond to 
the calculated zones of the highest mean annual near-ground concentrations of a pollutant (Table 2). 

In 2008-2010, the snow volume affected by the industrial zone in the Olkha River valley was, taking into 
account the measured height of snow cover, 2400-2650 m3. According to the reference data for the 
meteorological station in Irkutsk, the average snow cover is destroyed during 1.5-2 months. Snow water 
discharge is 0.46 m3/sec. If we assume that all the pollutants contained in snow cover, fall into a watercourse, 
the flash input of fluorides from meltwater is 14.8 g/sec, of sulfates -7.9 g/sec.  

Comparison of the balance assessments of the input and migration of fluorine-containing compounds and 
sulfates in different environments allows us to conclude the following. All components of the balance of 
substances-indicators in the geosystem – the input with air emissions into the atmosphere, falling on snow and 
soil, as well as supply from both the surface and waste waters into the watercourse and their output with the 
Olkha River waters - correlate with each other and are consistent with the published data.  
 
Table 1. Annual and instantaneous emissions of major enterprises located in the Shelehov industrial zone 

). 

Sulfur dioxide emissions/ 
 

Emissions of gaseous fluorides/ 
 

 

Emissions of solid fluorides/ 
 

A source of pollution/ 
 

 g/sec tons/ year g/sec tons/ year g/sec tons/ year 
Heat Power Plant/ 

 156 2460 0 0 0 0 

IrkAP/  7.9 196 15.55 484 35 1004 
"Silicon" enterprise/ 

 « » 2.64 77 0.0043 0.0042 0.0007 0.0016 

Total/  167 2733 16 484 35 1004 

Table 2. Preliminary assessment of the balance of substances-indicators based on the analysis of experimental 
and calculated data ( ,  

). 

Deposition (tons) / 
 ( ) 

Deposition, a share of 
emission*/  (%) 

Accumulation on the area** of industrial zone 
/  ( ) 

Substance-
indicator/ 

-
 

On soil/ 
 

On 
snow/ 

 

On soil /  On snow / 
 

tons /year % of emission/ %  
 

 + ) 
Sulphates/ 

 62 44 6 3 1040 24 

Fluorides/ 
 194 132 20 27 23 1.5 

* - the emission value is presented in Table 1; ** - the area of industrial zone between station 1 and station 2 is 24 km2  
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USE OF PROGRAM GETM FOR MATHEMATICAL MODELLING OF THE THERMAL MODE  
OF SHATURA LAKES-COOLERS 

Debolskaya E.I., Debolsky V.K., Maslikova O.J., Sudakova N.A. 
Water Problems Institute RAS, 3, Gubkin st., Moscow 119333, Russia 

oksana68@mail.ru 

In the large and deep water basins-coolers which are constructed for modern powerful thermal power stations, 
creation of volume circulation of water is possible. For this purpose it is necessary to organize water reception 
only from water basin deep layers, and heated water to dump on a surface of a water basin with small speeds. 
Then it is possible to have waste constructions near to water receptions and even to combine them in one 
construction. Thus heated water having smaller density, than cold, spreads on a surface of a water basin and, 
being cooled, passes in deep layers, which move to water reception constructions. Such scheme of circulation 
allows to refuse long taking away channels and dams at high utilization area reservoir. 
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The purpose of this study is the option of planning construction of dams, provides a mode of operation 
Shatursky lakes, as the cooling reservoir Shaturskaya TPP.  

The paper has been used three-dimensional numerical model GETM (www.getm.eu). The hydrodynamic 
block of the model allows to calculate the flow in three dimensions. In the thermodynamic model of the block 
are calculated with 3-D temperature distribution of water in the reservoir based on advection-diffusion equation 
taking into account the evaporation from water surface by short-wave radiation. Calculations are based on 
evidence obtained by the laboratory staff. 

The purpose of this study is the choice of a variant of planning of construction of the dams, providing a 
mode of operation of Shatursky lakes, as reservoir-cooler of the Shatursky state district power station.  

In work three-dimensional numerical model GETM (www.getm.eu) has been used. The hydrodynamic 
block of the model allows to calculate the flow in three dimensions. In the thermodynamic model of the block 
are calculated with 3-D temperature distribution of water in the reservoir based on advection-diffusion equation 
taking into account the evaporation from water surface by short-wave radiation. Calculations are based on 
natural observing data obtained by the laboratory staff. 

The system of Shatursky lakes consists of 5 interconnected lakes. The thermal station is located between 
the Murom Black lake Station takes away water in the Black lake and dumps heated water in the Murom lake. 
For increase in time of cooling earlier has been built a few dams (fig. 1).  

Modelling calculations well correspond to the data of measurements received during the summer and 
winter periods of 2008. 

Various scenarios for the location of dams were modelled. The analysis of the data of modelling allows 
us to conclude that in all cases the temperature on a water intake not too differ. At the same time temperatures 
in the lake Svjatoje (the most northern lake) differ considerably and the lowest values correspond to the 
scenario with absence of all dams. 

For normal meteorological conditions, location of dams is not important. In the case of long dam in spite 
of a somewhat different character of temperature distribution at the time the average temperature on the site at 
the end of the account are the same. 

Conclusions. Data analysis of measurements made on the Shatursky lakes system, and numerical 
results for the three-dimensional models allow us to conclude that the vertical structure of hydrodynamic and 
especially thermal properties is not uniform and may make a substantial deviation in the results of calculations 
performed using two-dimensional models.  

Results of modelling under extreme weather conditions suggest that the different location of the dams 
slightly influences water temperatures on a water intake. However, the lengthening of the existing dam the most 
adversely affects the temperature regime of Lake Svjatoje (most small and distant from the station), causing 
significant overheating, and consequently, impaired its ecological situation. 

 
Fig.1 The Shatura lake systems ( ). 
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THE EXTREMELY WEAK LUMINESCENCE OF NATURAL WATERS 
Dobrynin V.I.*,** 

*Applied Physics Institute ISU, 1, K. Marx st., Irkutsk 664003, Russia 
**Physical-Technical Institute, ISTU, 83, Lermontov st., Irkutsk 664074, Russia 

dvi12345@yandex.ru 

The works on researching luminescence of Baikal water is renewed (Bezrukov et al., 1984). The relevance of 
research is based on the requirements to define nature and mechanisms of this phenomenon (Dobrynin, et al., 
1990; Dobrynin, 1991), the role of luminescence as the indicator of vertical water exchange process (Bezrukov 
et al., 1998). The detailed measurements of amplitude and spatial characteristics of luminescence are 



 222 

necessary for clarifying the background conditions of registration of the erenkov radiation in the Baikal 
neutrino telescope (Aynutdinov et al., 2009). 

Nowadays the progress in production the low noise photomultiplier tubes (PMT) with the large 
photocathode, the high quantum yield and amplitude resolution, microprocessors, fast signal amplifiers and 
registration systems allows to decrease detection threshold of quasi stationary light fluxes in 100 times. It 
allows researchers to create more sensitive and stable photometers and receive the qualitatively new data. 

In PTI ISTU developed the lab photometer based on PMP (XP3540) with threshold sensitivity 10-4 
photon·s-1·cm-3 for researching the water luminescence (Dobrynin et al., 2010). The autonomous high sensitive 
deep water photometer is created in API ISU for studying luminescence in situ. The searching of bio-
luminescence and studying spontaneous luminescence of micro-organisms in the Baikal is conducted by API 
ISU in collaboration with the Research Institute of biology ISU (Bybin et al., 2010 ). 

During the photometer testing the new data about the intensity of distilled and natural water 
luminescence under exposure of the natural radiation were received. The minimum of radio-luminescence 
intensity of distilled water can be watched at 4 . This temperature is the temperature of maximum water 
density. The intensity of the natural water radio-luminescence is slightly lower. Its minimum is located near 3.5 

 (fig. 1A). 
The results of the experiment with the distilled water are well described by the dependence:  

F( ) = a·(1 – ( t 4)1/2) + b,   (1) 
where t is the density of water at temperature t ( ); a and b are constants. 

It can be supposed that the thermal restructuring of the internal structure of water is the base of intensity 
change. The nature of dependence indicates the definite role of fluctuations of molecules quantity (or their 
groups) in a single volume. 

The author is sure that using luminescence as the indicator of the inner structure of water changes is the 
promising direction for further research. 

At first the long-term measurement of the intensity of the Angara water luminescence were held (fig. 1B). 
The nature of changes of intensity varies very much. In three weeks luminescence of the 2-nd sample 
stabilized on the distillate radio-luminescence level. The studying of changing the light effect on the River way 
causes the particular interest. 

The vertical distribution of light intensity samples from different depths is measured in the district of NT-
200 location (fig. 1C). The range intensity changes are more than 100. The dimension of luminescence sources 
to the depths of 5 m (d > 0.5 m) is defined by the consistent water filtration with the set of filters DUBNA. 

The author thanks the participants of the expedition of the Baikal collaboration. 
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 – distillate, 1 - approximation of data 
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water, 2 - quadratic approximation (  – 
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Fig. 1. Water radio-luminescence (A), the Angara river water luminescence (B) and the luminescence stratification (C) 
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JOINT DESCRIPTION OF PHYSICAL AND CHEMICAL AND BIOLOGICAL PROCESSES  
FOR LARGEST LAKES OF EUROPE  

Filatov N.*, Rukhovets L., Astrakhantsev N.G., Petrova N.**, Menshutkin V. 
Saint-Petersburg Institute for Economics and Mathematics RAS,  

1, Chaikovsky St., St-Petersburg 191187, Russia 
*Northern Water Problems Institute of KarRC RAS, 50, Al. Nevsky st., Petrosavodsk 185030, Russia 

**Institute of Limnology, Russian Academy of Sciences, 9, Sevast’yanov St.,  
St-Petersburg 196105, Russia 

In the report discusses studies the contemporary problems of the Great European Lakes – Ladoga and Onego 
- on both a regional and a global scale, placing special emphasis on interactions between the physical, 
chemical and biological environments. Field observations and numerical modelling are used to investigate the 
responsiveness of both environments to respective impacts, as well as to regional and global climate change. 
The authors undertook to develop a set of 3-D mathematical models that help rework available knowledge 
about hydrophysical, chemical and biological processes in large stratified lakes into adequate reconstructions 
of circulation, temperature regime and function of the ecosystems. 

Major attention is paid to two models, that is, the Lake ecosystem model, based on nitrogen and 
phosphorus cycles, and the model of phytoplankton succession in Lake Ladoga (Rukhovets, Filatov, 2009). 
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The coupled thermohydrodynamic and ecosystem models for Lakes Ladoga and Onego have been developed 
to study the contemporary situation, to understand the main mechanisms of the ecosystem transformation, and 
to learn what may happen in future under the varying anthropogenic impact and climate change. Models are 
developed that enable simulation of hydrodynamics, phytoplankton, zooplankton communities, distribution and 
transformation of dissolved oxygen, distribution and transformation of substances/pollutants, evolution of the 
lakes’ ecosystems, and reliable quantitative estimation of eutrophication in Lakes Ladoga and Onego. 
Descriptions of the models are followed by examples of their application for the present day, hind- and 
forecasting. It was realized analyses the dynamics of the lakes’ water ecosystems under climate change 
(warming and cooling) and anthropogenic impacts relying on observed and modeled data. The advanced 
mathematical model of phytoplankton succession including nine species of phytoplankton was developed. 
Special attention here is given to the feedforward and feedback interactions in these lakes and the watershed 
under various scenarios of regional climate change and anthropogenic nutrient loading. The results of analysis 
of observed data and numerical experiments are presented. 

This set of models is meant to be a tool for handling the tasks of managing water use and conservation of 
the natural resources of large stratified lakes, first of all, water quality. 

INTERDEPENDENCE BETWEEN ANNUAL TEMPERATURE CHANGEABILITY AND TERMS OF 
COMPLETE FREEZING OF LAKE BAIKAL  

Gnatovsky R.Yu. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

gnat@lin.irk.ru  

Climatic conditions preceding the freezing period significantly affect distribution of water masses around the 
water surface of the lake. One of the major parameters characterizing the state of the surface water layer is the 
temperature of this layer. Distribution of the temperature field around the surface gives an idea of heat fluxes on 
the lake surface. The aim of this work was to study the effect of the annual run of surface water temperature on 
the changeability of freezing terms, duration and break of ice cover in Lake Baikal. Data on surface water 
temperature for 1996-1999, obtained from the measuring device AVHRR installed in the satellites of the NOAA 
series, were compared with the data obtained at meteorological stations located within the lake water surface. 
There is interdependence between trends of average daily temperatures in situ and changeability of average 
temperature in different basins of the lake during the pre-freezing period.  Techniques of processing and 
preparation of remote sensing data developed during studies allow the study of interdependence between 
temperature regime of the lake and ice phenomena for a longer period of time of observations applying data 
from other space measuring complexes such as MODIS, SPOT.  

We used remote sensing data (RSD) in our studies obtained by the Center of Space Monitoring of the 
Institute of Solar-Terrestrial Physics SB RAS. Binding and calibration of the data were carried out according to 
the technique developed. RSD were filtered from cloudiness and converted to temperature via 3 infrared 
channels. Temperature series obtained in the same period of time by scientific research vessels of the 
Limnological Institute SB RAS were used in conversion of temperature. Data on missing days were interpolated 
using the whole set of images obtained from May to November.  

RSD on the lake surface temperature in the three basins, Barguzin and Chivyrkuy Bays and from the 
area of Maloye More were averaged. These data were compared with the data obtained by meteorological 
stations located in the corresponding parts of the lake.  
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DEEP AND NEAR-BOTTOM WATER TEMPERATURE STRUCTURE OF LAKE KHUBSUGUL (MONGOLIA) 
(HYDROPHYSICAL AND GEOTHERMAL ASPECTS) 

Golubev V.A. 
Institute of the Earth’s Crust SB RAS, 128, Lermontov st., Irkutsk 664033, Russia 

golubev@crust.irk.ru 

Khubsugul freshwater Lake is located in the northern Mongolia 250 km to the southwest of the Baikal. Lake 
Khubsugul is 136 by 36.5 km in size, and its surface elevation is 1645 m above the sea level. According to our 
records, the lake is as deep as 238 m. The lake is ice-covered from November to June. 

The thermal structure of the Khubsugul waters is poorly known. The report considers the data on the 
deep and near-bottom water temperatures of Lake Khubsugul obtained in 1980-2003 during the geothermal 
studies of the lake bottom. The measurements were made using thermistors with a precision of 0.05°C for 
absolute and 0.002°C for relative temperature. The following conclusions are based on the water layer and 
bottom sediment temperatures measured in June and July 1980, 1982, 1988, 2001 and 2002, in February 1982 
and in March 1987 and 2003. 

1. In late July the open lake surface water has its maximum temperature (t) of 10-15°C that decreases to 
4-8°C at a depth of 10 m, to 3.5-4.2°C at a depth of 50 m, and to 3.6-3.9°C at a depth of 100 m. The further 
small decrease of t in this period continues to depths of 180-200 m altering to some increase near the lake 
bottom. 

2. Throughout the year, the near-bottom water temperature of Lake Khubsugul in its maximum-depth 
zone (200-238 m) ranges from 3.52 to 3.72°C being 3.62° on the average that nearly coincides with 
temperature value tm.d., at which the freshwater density is maximum at the above-noted depths. 

3. The near-bottom water temperatures and sediment bottom temperatures at depths of 0.5-3 m (from 
the bottom surface) show that the amplitude of seasonal variation of the near-bottom water temperature at the 
maximum depth of the Khubsugul does not exceed 0.05-0.07°C that is several times less than amplitude of 
seasonal variation of the near-bottom water temperature at the same depths (200-250 m) of Lake Baikal.  

4. Thermal monitoring of the water masses of the Khubsugul coincided temporally with the period of 
intensive increase in the mean annual global temperatures that occurred also in Prikhubsugulye. Nevertheless, 
the obtained data do not identify any unidirectional changes of the deep and near-bottom water temperatures of 
this lake. The mechanism maintaining the stability of the deep and near-bottom water temperature of Lake 
Khubsugul, as well as that of Lake Baikal, is evidently associated with a longer ice-free period observed there 
in the last decades. 

The research has been done under financial support of RFBR grant 09-05-01083-a. 
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RING STRUCTURES ON THE ICE OF LAKE BAIKAL 
Granin N.G., Kucher K.M., Gnatovsky R.Yu., Blinov V.V., Makarov M.M. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
nick@lin.irk.ru 

Today, satellite images make it possible to obtain previously inaccessible information about the formation and 
destruction of ice cover on the entire area of Lake Baikal. Owing to them, in spring 2003, we discovered the 
ring structure on the ice surface in vicinity of the Cape Krestovskiy (Central Baikal). Analysis of satellite images 
for previous years showed that the ring structures are often visible on the ice surface before its destruction. 
Thus, the ring structure existed in vicinity of the Cape Krestovskiy in April 1999, in 2005 and 2008 as well. On 
the space images, such structures were registered in the northern extremity of the Maloe More Strait in 2004, 
2005, and 2009; in the western part of Southern Baikal in 2008 and 2009; in the region of Turka River in 2008, 
near the Svyatoi Nose Peninsula in 2009 (Fig. 1a). 

In 2009, the ring structures in the western extremity of Southern Baikal and near the Svyatoi Nose 
Peninsula appeared on April, 4. Studies of the ring structure in the western part of Southern Baikal using air-
cushion boat "Hius" were started on April, 7. Along two transects crossing the ring structure from north to south 
and from east to west, the vertical distribution of water temperature and electrical conductivity was measured 
using CTD probe SBE-19. Observations were carried out from the water surface to 95 m depth at 19 stations. 
Along the cross-section from north to south, measurements were made in the center of ring structure and at 1, 
2, 3, and 4 km from the center. Along the cross-section from east to west, additional measurements were made 
at a distance of about 7 km from the center (Fig. 1b). 

The data obtained suggest that the water temperature increases of more than 0.5 ° C in the central part 
of the ring structure (Fig. 1b). The increased temperature, as well as deepening of the thermocline at this site is 
due to the rise of deep waters. The isotherms deepening in the center of ring structure indicates the existence 
of geostrophic anticyclonic current.  

The ice thickness in the area varied 37 to 74 cm. It was the lowest in the southern part of “dark ring”, at 2 
km distance from its center. At this, the decreased ice thickness is not associated with the increased 
temperature of the under-ice water layer (Fig. 1b).  

Appearance of such ring structures is due to the generation of circular currents resulted from in the 
ascent of deep waters, and, accordingly, a decrease of ice thickness in the zone of intensified currents. Local 
upwelling of deep waters to the surface zone leads, in turn, to the deformation of isothermal surfaces 
(deepening of isotherms in the central area), which contributes to the generation of anticyclonic current of a 
clockwise direction. In the zone of maximum current velocities, there is the increased vertical water exchange, 
which leads to decrease of the ice thickness and accelerating destruction of ice cover. 

Vortical formations, whose dimensions are comparable to the baroclinic Rossby radius of deformation, 
are often observed in the seas. Diameter of the rings observed on the ice surface in Lake Baikal is about 3.5 to 
5 km. It was observed that the deeper the site, the larger the rings’ diameter. The rings are formed due to the 
geostrophic currents caused by the local rise of waters, and the scale of currents in a stratified medium is 
determined by the baroclinic Rossby radius of deformation. The baroclinic Rossby radius of deformation 
estimated for those lake areas, in which the ring structures were observed is in good agreement with the rings 
size. 

Satellite images show a circular area in which the ice cover is minimal, the ice is more saturated with 
water, it has more ice steams. The local rise of deep waters may be caused by the eruption of mud volcanoes 
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located on the bottom, floating of gas hydrates, pulse escapes of large gas volumes from the bottom 
sediments. 

This work was supported by RFBR grants  08-05-98091, 09-05-00763 and the Interdisciplinary integration SB RAS 
projects  20 and 23. 
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Fig.1. Map of the ring structures located on the ice of Lake Baikal as well as their satellite images, obtained in different 
years (a); the ice thickness (top) and vertical distribution of water temperature (bottom) on transects crossing the ring 
structure in the western part of Southern Baikal on April 7, 2009: from east to west (left) and from north to south (right) (b). 
The numbers on the horizontal line show a distance from the center of ring structure. (  
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THE INFLUENCE OF HIGHER WATER VEGETATION ON THE ELECTROMAGNETIC  
PROPERTIES OF ICE 

Gurulev A.A., Lukyanov P.U., Tsyrenjapov S.V., Orlov A.O. 
Institute of Natural Resources, Ecology and Cryology SB RAS, 26, Butina st., Chita 672000, Russia 

lgc255@mail.ru  

Elodea Canadian (Elodea Canadensis) is widespread alien species of higher water vegetation which has 
adverse effects on the biota of Lake Baikal (Bazarov, Pronin 2006). The direct methods of determination of 
areas of overgrowth of the plants are problematic, because of large lake area. We propose a remote method for 
determining the areal distribution of higher water vegetation in the winter period based on measurements of 
own thermal radiation of ice cover at microwave frequencies. 

During the formation of ice cover various types of impurities including higher water vegetation are 
captured into the ice, which affects on the power of thermal radiation leading to increase of radiobrightness 
temperature (a parameter which characterizes the power of thermal radiation). In (Bordonsky, Gurulev 2008) is 
shown how to determine the salinity of the water reservoir by radiometric method. Similarly, it’s possible to 
determine the areas of the reservoir, which are "depressed" by higher aquatic vegetation, given that the salinity 
of the reservoir over the entire area of the lake is a constant (Bordonsky, Zolotarev, Krylov, 1994). 

The presence of vegetation leads to an increase of the concentration of liquid in the volume of ice, which 
turn to increase of the imaginary part of complex permittivity of ice value. The increase of this parameter leads 
to an increase of radiobrightness temperature. Thus, the increased concentration of higher water vegetation in 
the ice cover leads to increase of the radiobrightness temperature.  

To further explore of the problem the field measurements were carried out to allocate the areas with a 
high concentration of water vegetation in the ice. The car mounted radiometers (wavelength 2.3 cm and 12 cm) 
were moved to the ice cover of Lake Shakshinskoe (Zabaikalskyi Region) which measured the value of 
radiobrightness temperature. Measurements were made in the month of March of 2007 and 2008. The 
measurements showed the increase of the radiobrightness temperature up to 15 K in some areas of the 
reservoir. Direct sampling indicated the presence of higher water vegetation in the ice of these areas.  

In addition, the measurements of the backscattering coefficient of the electromagnetic signal from a 
system of ice-water were carried out at the same reservoir. On the car, except radiometers, the radars with a 
continuous radiation were installed. The measurements were carried out on the wavelength of 2.3 cm and 5.6 
cm. The obtained fragment of route record is shown at Fig.1. In the areas of high concentrations of higher water 
vegetation the radar signal increases, as can be seen from the graph. This method of identifying of the higher 
water vegetation when using two wavelengths is more efficient due to the fact that it registers the heterogeneity 
in the ice, comparable with the wavelength. 

Thus, we tested a multifrequency method for determining of the areas of growth of higher aquatic 
vegetation in fresh water, based on the measurement of the coefficient of backscattering of electromagnetic 
waves in the microwave range and the thermal radiation of the ice cover, lying on the water surface. 
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Fig.1 Plot of the backscattering power (V-V) from ice cover versus distance over lake Sakshinskoe at 5.6 cm wavelength. 
March 2007 View angle – 30º. (  ( )  
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WATER CHEMISTRY MARGINAL FILTER OF THE ANGARA 
Karnaukhova G.A. 

Institute of the Earth’s Crust SB RAS, 128, Lermontov st., Irkutsk 664033, Russia 
karnauh@crust.irk.ru 

Construction water reservoirs on river Angara for intermittent river system run-off control bring to the formation 
of marginal filter (MF) with a total extension 90 km, area – 135 km2 (Karnaukhova, 2006; 2007). To determinate 
the degree transformation of composition water, suspension and bottom deposits in the MF we researched its 
hydrochemistry constitution. The we established what distribution to be in water of MF to determine of series 
factors such as entry is of part volume the river flow and wastewater, hydrodynamic process and geochemical 
conditions, migratory property of elements. With transportation chemical materials after MF geochemical 
differentiation theirs occur. Process of sedimentation to make for disposal of chemical materials and 
combinations out of water flow and his accumulation in bottom deposits.  

We stood out 2 maximum into spatial distribution the water salinity that attended from maximums in 
capacity to water of suspended matter. When descent in MF the current velocity up to 0,5 m/s part basic of 
organic-matter, iron, phosphorus and heavy metals to lower at near-bottom layers and shifting near-bottom. By 
that relation to track in capacity the organic-matter, iron, lead, zinc for capacity of suspensions. Portion of 
metals transportations as transit after gravitational echelon MF. Mainly be deposited that metals as be 
suspension the basic form of transport. In make-up of the terrigenous material discharge partly out of migration 
iron and manganese that power deposit from organic-matter.  
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TO EVALUATION OF THE CHEMICAL BALANCE IN LAKE BAIKAL 
Khodzher T.V., Granina L.Z., Sorokovikova L.M. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
granina@gmail.com 

In Lake Baikal, the input of surface riverine waters (81%) and the atmospheric input (16%) are of major 
importance among the water balance items. Up to 50% of the water and 75% of suspended sediments enter 
the lake via its main tributary, the Selenga River. To characterize the input of the chemical elements into the 
lake, it is necessary to assess the input of their dissolved and suspended forms with the riverine waters and dry 
and wet depositions from the atmosphere as well. The output from the lake is realized by the waters of the 
Angara River.  

The input-output of the chemical elements in the lake were calculated using the data of long-term 
observations on the composition of atmospheric depositions and data on the chemistry of riverine suspended 
sediments. Published data available were also used, mainly to calculate the riverine flux of dissolved forms of 
the elements. Thus, the most complete total input of the chemical elements into Lake Baikal has been for the 
first time evaluated. For major constituents (Ca, Mg, Na, K, Al, Si, Fe, and Mn) the main items of their balance 
were calculated. Moreover, the accumulation of these elements in the lake based on the mass balance was 
estimated, which was compared with the intensity of accumulation in the bottom sediments.  

The results obtained indicate that, in accordance with the water balance structure, the chemical 
substances enter the lake mainly (about 97%) with the riverine input. Theoretically calculated fluxes of 
particulate forms of major constituents are consistent with the measured values, in other words, the riverine 
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waters bring only material formed as a result of denudation. The assessments made allow us to sort the 
elements to mobile (Ca, Mg, Na, K, Sr, Cu, Br, and Sb), relatively mobil (R, Si, and K) and low-mobil (Al, Si, Fe, 
Mn, Ti, Cr, Zn , Pb, Ba, V, Co, As, Sc, Cs, Rb, Ce, and Th) ones in the region. The most mobile major 
components Ca, Mg and Na enter the lake primarily - by 84-94% - in the dissolved form, for relatively mobile P, 
Si and K the input in the dissolved form is 20 to 56% of the total, for low-mobile Al, Fe and Mn it is less than 
10%. In general, this classification corresponds to that known for the major rivers of the world. However, in the 
basin of Lake Baikal, Mg, K and Si are more mobile compared to the average on the planet because of the 
peculiarities of rocks composition and climate in the region.  

For the most elements, the share of atmospheric feeding is low: from 0.2 to 7.5%, on average 3.5%. The 
exception is Zn, Cu, Cr, and in particular, Pb, whose atmospheric flux ranges 12% to 25% of the total input to 
the lake. When the aerosol contribution is taken into account, role of the atmosphic input substantially 
increases reaching for a number of elements 24% (Cr) - 36% (Zn, Pb). These elements as constituents of 
industrial emissions migrate in the air creating a threat of the lake pollution through the atmospheric channel. In 
particular, it is confirmed by the accumulation of Pb compounds in recent bottom sediments of Southern Lake 
Baikal.  

The results of systematic studies allowed to assess long-term dynamics of the input of soluble 
substances into the lake with fluvial waters and atmospheric depositions. It is shown that the highest 
anthropogenic pressure on the lake, characterized by both the maximum total amount of ions and the highest 
concentration of sulfates in the Selenga River waters, was recorded in the 1970-s. Decline in industrial 
production in the 1990-s resulted in stabilization of the chemistry of riverine waters, however in 2001-2003, the 
iput of ions with the Selenga waters remained 10-14% and input of sulphates 20-30% higher compared to those 
recorded in the 1950-s. The Baikal Pulp and Paper Mill, located on the east coast of Southern Baikal, is a 
powerful source of the atmospheric pollution, which led to a significant change in the composition of 
atmospheric precipitations, in which the share of sulfates and nitrates has increased, the share of bicarbonates 
has decreased. This resulted in increased number of acid depositions in the south-eastern Baikal region. Such 
changes are also reflected in the ion composition of the riverine waters in the tributaries of Southern Baikal, 
however the total hydrochemical feature of the lake remains stable helped by long (more than 300 years) time 
of the water exchange in Lake Baikal.  
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MATHEMATICAL MODEL OF THE DYNAMICS OF ICE COVER GROWTH PROCESS ON  
LAKE BAIKAL ON THE BASE OF EXPERIMENTAL DATA 

Kozlov V.V., Aslamov I. .*, Mizandtontsev I.B.*, Kucher .*, Granin N.G.* 
Institute of Systems Dynamics and Management Theory SB RAS, 134, Lermontova st.,Irkutsk 664033, Russia 

*Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

The necessity of a quantitative description of heat processes and phase transformations of the water during ice 
formation and degradation on Lake Baikal rose up due to studies of ring structures on the lake ice surface 
registered by satellites pictures. The existing models of the dynamics of ice cover growth, due to the lack of 
measurements data in a thin water layer under the ice, do not allow to determine rather accurately the input 
parameters and heat flows determining the direction and the intensity of related to them phase transitions ice-
water for such water body as Lake Baikal. 

The description of temporal variations of Baikal ice thickness was done within a mathematical model 
based on a multi-layer non-linear modification of Stefan’s problem for a set of contacting media air-ice-water 
with considerably differing thermophysical properties at mobile phase boundaries. The modeled system 
includes conditions above the ice cover and on its surface, ice sheet, boundary water micro-layer in the contact 
with lower ice surface, laminar and bedded under it turbulized layers of the water under ice. The algorithms of 
resolutions of the problems of such class are based on the link between direct methods of resolution 
generalized formulation of a classic problem on phase transition with discontinuous (piecewise continuous) 
factors and methods of resolution of approximating direct and reversal problems with smooth factors without 
phase transformations. While calculating an effective heat conductivity factor which takes into account the 
existence of a viscous laminar sublayer in the given temperatures field for the respective interval by a 
coordinate, we used at each temporal step a quasi-stationary approach for multi-layer media. In similar 
problems for marine and freshwater ice, the extended area of phase transition is usually described as a double-
phase zone with linear temperature profile, or the dynamics of the ice thickness is considered taking into 
account the layer of convectional mixing of under ice water. 

During field studies we performed the monitoring of vertical distribution of temperature in the air above 
the ice, in the ice sheet and in the under ice water layer (Fig. 1 ). At the same time we registered ice thickness, 
air temperature, wind velocity above water area and values of incoming solar radiation. Temperature was 
measured with thermistor scythe with the distance between the sensors of 10 cm. To register the results of 
measurements, we developed an autonomous device for registration on the base of a microcontroller 
PIC24FJ64GA002 (Microchip). As temperature sensors, we used digital microcircuitry DS18B20 functioning of 
the base of a 1-wire bar. The resolution of sensors by temperature is 0.06 . Temperature counts were 
averaged during a minute and registered onto the chip with temporal marks. 

To measure the ice thickness, we used an autonomous device functioning an a reversal echo-sounder. It 
is based on a microcontroller PIC18F4520 (Microchip) functioning as a generator of acoustic pulsing and fixing 
the time between emission and acceptance of the signal with the resolution of 100 ns. The instrument was 
suspended on a cable in the under ice water layer at a fixed distance from ice surface. The measurements 
were done each 15 minutes, the results were saved to memory map. The treatment of data obtained allows to 
reach a relative accuracy of distance measurement of ca. 0.2 mm. Absolute accuracy of ice thickness 
measurement is determined by the accuracy of measurement of the length of suspended cable at instrument 
installation. 

The verification and identification of the model of ice sheet growth dynamics are done using results of 
instrumental measurements. Simultaneous monitoring of ice cover thickness and temperature vertical 
distribution in the ice sheet and under ice water layer allowed within a reversal problem to assess the extent of 
the micro-zone in the site of water contact with the ice, values of effective heat conductivity factor in this 
layerinfluence of penetrating radiation onto daily variation of its temperature and heat flows in the system 
considered. As it is seen from Fig. 1b the results of model experiment are in a good conformity with 
measurements data. 

While modeling local measurements of ice thickness in the area of a ring structure in the Western part of 
the Southern Baikal in the early April, 2009, we used data of measurements of velocities of under ice currents 
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and of temperature vertical distribution under ice. The calculations of ice thickness dynamics at different values 
of effective heat conductivity factor of under ice water conform with experimental data on spatial variability of 
ice sheet thickness in that area. Model experiments showed that increase of effective heat conductivity without 
a sufficient heat income from below do not provide a necessary depth of ice sheet melting near the ring. 

This work was supported by Project 20.10 of Program of RAS Presidium, Interdisciplinary Integration Projects of 
RAS SB NoNo 20 and  23 and RFBR grant 08-05-98091. 

 

 
Fig.1. ) vertical temperature distribution in the air above the ice, ice column and in the water layer under the ice; b) 
temporal change of water and ice temperature according to data of sensor placed initially in 500 mm from the upper 
boundary of the ice sheet. 1 – measurements, 2 – calculation by model ( )  
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SOME RESULTS OF SPECTRAL ANALYSIS OF TEMPERATURE DATA OBTAINED IN SOUTH BAIKAL 
Lovtsov S.V., Portyanskaya I.A., Rastegin A.E. 

Irkutsk State University, Irkutsk, Russia 
iportyanskaya@mail.ru, rast@api.isu.ru, lsv@api.isu.ru 

We present some results of spectral analysis of temperature data obtained in the south area of Lake Baikal on 
several horizons. The observations are carried out by means of thermistor chains installed on the three mooring 
within the hydrophysical network of Baikal Neutrino Telescope. The network is oriented on different types of 
geophysical measurements including 3-dimensional temperature measurements. The vertical separation of 
thermistors is about 20-50 meters in the upper layer and 150-300 meters in the deep zone. The telescope 
location is placed in the south basin of Lake Baikal (104°30'E, 51°45'N) at the distance 3.5 km from the 
coastline. The two moorings are stated along the coastline with separation about 1 km, and another mooring is 
beyond at the distance 1.5 km. The methodology of made analysis is as follows. We calculate the Pearson 
correlation coefficient of the temperature series on chosen horizon with respect to other horizons of this 
mooring and the one between series on two different moorings. We also consider a method for calculating the 
vertical velocity based on the temperature data and energetic reasons. 

In view of calculations, performed for one and the same mooring and several years, the following 
conclusions have been summarized. Temperature in the near-surface layer of thickness 20 meters is very 
weakly correlated with temperature series of deeper layers. Such a picture comes almost annually. In the upper 
layer 50-200 meters, each series is closely correlated only with very closely overlying and underlying levels. It 
must be stressed that it is not the case for both the spring and autumn homothermies as well as for a summer 
period in which processes of vertical water exchange are typically observed. In these times large values of the 
correlation coefficient may be observed up to the near-bottom zone. It is not insignificant that an amount of 
correlation in the spring homothermy is somewhat less than in the autumn homothermy and moments of 
summer down-welling processes. Concerning the deep zone (up to one thousand of meters), we have 
observed that an amount of correlation between all the horizons of this zone is relatively large. This picture is 
not dependent on the season. Apparently, such a behavior is related to sufficiently weak stratification in the 
zone. At the same time, given level of the deep zone is correlated with underlying levels better than with 
overlying levels. The series from the near-bottom zone are all correlated with each other, but not correlated with 
the series obtained from the upper layers. Some possible connections may be revealed solely in the two 
homothermy periods though even for these periods an amount of correlation is enough small. This conclusion 
concurs with knowledge about features of near-bottom water dynamics.  

Analysis of correlations between series from different moorings has been made in the following way. 
After choosing probe series from one of the moorings, we calculate its coefficient correlation with respect to 
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time-biased series from all the levels from another mooring. At fixed probe sample, a bias of the compared 
series increases such that related sampling window fully comes through the year. Because of some 
computational cost, the described procedure has been performed only for episodes of intensification of water 
dynamics with a window of several tens of days. We have observed maximal values of Pearson’s correlation 
coefficient of order 0.7-0.9 for biases of a few hours between the two moorings stated in a direction along the 
coastline. These high values are related to the series from upper layer horizons. So we observe some 
evidences for a propagation of excitation energy along the coastline and simultaneously along the vertical from 
up to down. An estimation of propagation celerity gives a value about ten of centimeters per second under a 
small angle to horizontal surface. Similar rapidity has obtained by another method comparing moments of 
reaching the maximum of spectrum density between the different horizons of the same mooring. As a result, we 
can again separate the water thickness into the three different zones with specific dynamics. 

LONG-DISTANCE PROPAGATION OF SOUND IN LAKE BAIKAL 
Makarov M.M., Kucher K.M., Aslamov I.A. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
mmmsoft@hlserver.lin.irk.ru 

Long-distance propagation of sound in such cold ultra-freshwater bodies as Lake Baikal has been poorly 
studied so far. Lake Baikal is a deep water body to regard propagation of sound. Temperature in the deep part 
of the lake is nearly constant, salinity is extremely low (0.096 ‰) and does not change with the depth. The 
curve of sound speed changes with the depth in its deep part depends on the constant hydrostatic gradient. 
Subsurface sound channel (SSC) under ice is formed during inverse temperature stratification. Acoustic beams 
under the effect of sound speed gradient look like arcs curving towards the lake surface. The longest deep 
beam is approximately 35 km. The extension of the wave front (as a result of insignificant temperature changes 
in the lake deep zone) occurs according to the standard law: radiating signal passes to the observation point 
through different geometric paths that are determined by SSC properties. The amplitude and intensity of 
receiving impulses depend on the distance covered, sound reduction in the water and reflecting properties of 
the ice.  

For measuring attenuation of acoustic impulses we used single acoustic beams deeply refracted in the 
channel (without surface reflection). The impulse spreading along the longest beam was the first to reach the 
observation point. We chose that duration of acoustic dispatch which made it possible to separate impulses in 
time passing through different geometric paths. We managed to perform a series of experiments changing the 
distance between the transducer and receiver. As a result we obtained data for calculating the value of 
ultrasound attenuation in the Baikal water.  

Preliminary data obtained are in good agreement with the results of modelling. After spectral analysis of 
the signals received, we carried out a pilot assessment of amplitudes of ultrasound impulses (the result is 
demonstrated in Fig.): impulse amplitude of high frequency becomes weaker with the distance than that of low 
frequency. Signal attenuation at a distance of 5-10 km is stipulated by the spherical law of extension of signal 
front, whereas attenuation at a distance of more than 10-15 km – by absorption and scattering of signals. 

This work was supported by the RAS Presidium Programme, Project No. 20.10 and Interdisciplinary Integration 
Projects SB RAS, Nos. 20 and 23.  
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Fig. 1. Experimental sound field in the ice acoustic channel of Lake Baikal (  
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INFLUENCE OF THE UNDERRIVER INPUT OF THE SELENGA RIVER  
ON ITS UNDERWATER DELTA 

Mizandrontsev I.B., Tomberg I.B., Sorokovikova L.M. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

mizandr@lin.irk.ru 

According to existing ideas (Efimov, Koldysheva, 1970; Pisarski, 1987; Plyusnin, 2008), the chemistry of the 
Selenga shallow waters differs from that in the water column of the open lake not only due to the influence of 
fluvial waters, but also because of the input of groundwaters, which enter this area mainly with the underflow of 
the Selenga River. However until now, the issue remains open about the direct manifestations of the 
subaqueous discharges of this underflow of a stream and its impact on the waters within the delta and lake 
waters near the delta. Recently, subaqueous discharges of fresh cold waters at the depths of 1-10 m were 
mapped based on the data about the steamthroughs fixed on the ice cover within the near delta area (Plyusnin, 
Tulokhonov, 2008). Such mapping is wrong since the steamthroughs are related to the gas escapes widely 
spread in the delta, even at a considerable distance from its outer edge and at significantly deeper water 
depths (Borodi, 1939; Sokolnikov, 1957). Calculations show that the intensity of subaqueous groundwater 
discharge at a small annual volume of the Selenga River underflow is not able to supply sufficient heat flow to 
the lower edge of the ice sheet in order to form the steamthroughs under conditions of stable inverse thermal 
stratification of shallow lake waters near the delta.  

The content of total dissolved solids (TDS) and the concentration of major ions in the calcium-
bicarbonate pore waters of shallow-water sands in the Selenga region of Lake Baikal are quite different from 
those in the waters infiltrated the littoral sands located out of the zone directly affected by the riverine input. 
These peculiarities are particularly pronounced in the strip of sands fringing the Selenga delta, and their 
manifestations become consistently weaker within the same depths interval as the distance along the shore 
increases to the northeast and to the south of the delta. In addition, considerable seasonal fluctuations of the 
concentrations of abiogenic dissolved components are clearly expressed in the near-delta sands that is not 
typical of similar sediments in the littoral zone of Lake Baikal. It should be kept in mind that the mineralogical 
composition of sand sediments in the Selenga region is similar to that of shallow-water sands of Southern Lake 
Baikal as a whole. Predominance of the minerals, resistant to the chemical dissolution by dissolved carbon 
dioxide can not provide formation of pore waters with the total amount of ions 150-1000 mg/liter, especially 
since the concentrations of CO2 in the near-bottom and pore waters of sands are usually low. 
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Simultaneous studies of pore waters of shallow-water sediments in the awan-delta, fluvial waters, as well 
as the groundwaters from wells and boreholes located in the delta, show that they have similar water chemistry 
and the content of TDS. They are also characterzed by similar seasonal changes related to the influence of 
hydrometeorological conditions. The highest concentrations of major ions in the delta groundwaters and in the 
pore waters of near-delta sands were recorded in winter and early spring (March), the lowest - in summer. The 
amplitude of seasonal fluctuations of the concentrations in pore waters of surface sediments decreases with 
distance from the delta towards the open lake.  

Along the entire length of the Selenga River from Mongolian border to the mouth, its underflow of a 
stream is low. There are protrusions of the bedrocks underlying the alluvial deposits, which cause almost 
complete drainage of the alluvium waters by the river at the sections of these waterproof barriers dated for the 
ridges (Pisarski, 1987). As a result, the subsurface flow into the lake is formed within the loose sediments of the 
Selenga delta below the Mostovoi projection of the crystalline basement of the Khamar-Daban Ridge. 
Evaluated at five cross-sections, the subsurface flow is 2 m3/s (0.06 km3/year). Inclination of the mirror of 
groundwaters of the Selenga delta towards Lake Baikal provides the inflow of these waters into well filtered 
sands of the awan-delta and their further input into the near-bottom waters of the delta shoals. Intrusion of the 
calcium-bicarbonate waters of the Selenga underflow into the effective pore space of the awan-delta sands 
results in the increased content of major ions in their pore waters. Seasonal changes in the chemistry of pore 
waters of shallow sands during a year are a function of hydrometeorological processes within the delta and the 
near-delta area.  

Intrusion of the waters of the Selenga underflow into the effective pore space of sand sediments in the 
awan-delta creates a unique environment for benthic organisms, first of all, for infauna. A.Ya. Bazikalova (1971) 
noted that the benthic fauna of the Selenga region differs significantly from that in the other littoral areas of 
Lake Baikal. A group of the Palaearctic species of benthic organisms dominates over the Baikal endemics in 
the coastal zone, in the mouths of deltaic channels, and in sandy sediments of the awan-delta, where it 
exceeds 60-70% of the total number of species.  

This work was supported by RFBR, grant  09-05-01102_a.  
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BACKGROUND COMPOSITION OF THE PORE WATERS IN BOTTOM SEDIMENTS OF LAKE BAIKAL 
Pogodaeva T.V., Zemskaya T.I., Dolya I.N., Khlystov O.M. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
tatyana@lin.irk.ru 

Currently, there is a great attention to the areas of subaqueous discharge of oil, gas, and deep waters in Lake 
Baikal, however, virtually no data on the background composition of the pore waters of bottom sediments. The 
waters of Lake Baikal are characterized by exceptional constancy of their ionic composition (the content of 
major ions), both in different basins and water depths. An important feature of Lake Baikal is the fact that due to 
homogenization of fine fractions of terrigenous material entering the lake when it is transferring by the system 
of constant currents, the sediments formed in deep basins of Southern, Central, and Northern Baikal are similar 
in their chemical composition. Thus, in Baikal, the preconditions are created to form a single chemistry of the 
pore waters of bottom sediments. However, until now it is considered that the pore waters in Baikal have motley 
and heterogeneous "peculiar chemical composition, varying in space and in the thickness of sediments” 
(Mizandrontsev, 1975). According to I.B. Mizandrontsev, during early diagenesis, the bicarbonate calcium 
Baikal water is transformed into sulfate-bicarbonate, sulfate, chloride water and water of mixed types of 
different groups. Such conception was formed, probably, due to location of the sites sampled by this author, 
since in the light of modern data the areas, which were investigated by I.B. Mizandrontsev in early 1970-s can 
not be considered as the background ones. 

We studied the sediments of Lake Baikal in 10 central deep-water stations located in all three basins, and 
at 16 stations, located in various areas of the lake. The chemistry of pore water of the first 2 meters of the 
sedimentary thickness was studied with resolution 1-3 cm. The unity of salt composition of pore waters in Lake 
Baikal was established, which suggests the existence of a united for the entire Lake background composition of 
the pore water. For the first two meters of the sedimentary thickness, the regularities of variations in chemical 
composition with depth of sediment are revealed and studied. Based on the practically identical trends of 
concentration profiles constructed using all data available, the equations of background concentration of 
each ion of the salt composition of the pore waters at a depth d (cm) were obtained (Table).  

Thus, the background pore waters of Lake Baikal are low-mineralized calcium-bicarbonate, reflecting the 
chemical composition of the water column. Diagenetic transformations result in growth of the total amount of 
ions in the pore waters with depth due to increased concentrations of calcium and bicarbonate ions without 
changing the class and group of the water. 

This work was supported by Project 20.9 of the Program of RAS Presidium 
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Table. Background composition of the pore waters of bottom sediments in Lake Baikal (  
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TENDENCIES OF STREAMFLOW IN LAKE BAIKAL IN THE XX-EARLY XXI CENTURIES 
Potemkina T.G. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
tat_pot@lin.irk.ru 

Streamflow is the most important source of input of sediments and contaminants into Lake Baikal. Moreover, it 
reflects natural and anthropogenic changes more objectively and precisely occurring in the whole lake basin. 
For the past decades due to global changes and intensifying anthropogenic pressure on landscapes of Lake 
Baikal, more attention is paid to changes occurring in the regime of streamflow of the lake tributaries. The aim 
of this work was to determine tendencies and role of natural and anthropogenic factors and their 
interrelationship in the formation of streamflow of the main tributaries of Lake Baikal. 

Ion /  

Concentrations of ions in the pore waters of bottom sediments in Lake Baikal (mg / 
L) at a depth d (cm) of sediment (Based on analysis of 1250 samples collected at 26 
stations located throughout the entire area of the lake bottom) /  

.  ( )  d ( )  (  
 1250 ,  26 ,  

) 
HCO3- C = 37.2 · d 0.19 
SO42- C = 10 · d --0. 5 

Cl- C = 0.0011 · d + 0.87 
Na+ C = 0.001 · d + 3.5 
K+ C = 0.004 · d + 0.95 

Ca2+ C = 7.2 · d 0.23 
Mg2+ C = 0.005 · d + 2.6 

Total amount of 
ions /  

 
C = 54.5 · d 0.18 
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We carried out regime observations of annual rate of water and suspended sediments from the major 
tributaries of Lake Baikal in the 20th and early 21st centuries: the Rivers Selenga, Upper Angara, Barguzin, 
Utulik, and Khara-Murina.  

The following tendencies on dynamics of annual rate of water and suspended sediments were revealed 
in these rivers. Negative trends of annual sediment runoff were observed. The amount of river material 
decreases. Positive trend was recorded in changes of water content in the Rivers Barguzin, Upper Angara, and 
Utulik, whereas in the Rivers Selenga and Khara-Murina – an insignificant negative trend. Interestingly, two 
intervals were distinguished in the dynamics of annual sediment runoff in the major tributaries of Lake Baikal. 
The first interval was attributed to hydroclimatic factors, i.e. fluctuations of sediment runoff were synchronous 
with fluctuations of water runoff.  Beginning from the second half of the 1970-s, there was a tendency in 
reduction of the amount of suspended sediments and elevation of water content in the rivers. This tendency 
was stipulated by geological, geomorphological, hydroclimatic and anthropogenic factors of different level of 
intensity which were registered in different parts of the lake basin. 

Social and economic processes occurring in the basins of the Rivers Selenga and Barguzin caused the 
reduction of sediment runoff being more intense in the Barguzin River basin. Changes of the volume of 
sediments in the Upper Angara River were caused by the combination of natural processes and anthropogenic 
effect on the landscapes in the river basin. Natural conditions and processes affected significantly the decrease 
in sediment amount in the Rivers Khara-Murina and Utulik.  

Processes of global warming which were revealed more intensely in the mid 1970s caused intensification 
of evaporation and reduction of water runoff and, as a consequence, reduction of sediment runoff. However, on 
the background of progressing warming on the majority of the Russian territory there was recorded a phase of 
increased water level (Shimaraev et al., 2010) caused mainly by intensification of circulation processes in the 
North Atlantic. Increase of water inflow into Lake Baikal was also observed (Shimaraev et al., 2002) caused by 
changes of type of processes of atmospheric circulation occurring above the region. However, on the 
background of enlarged water content, the reduction of sediment runoff was observed in the tributaries of Lake 
Baikal. We may suppose that natural processes occurring in Lake Baikal play the leading role in the reduction 
of river sediments runoff. These processes are regulated, to a lesser or larger extent, by anthropogenic factors.   

Due to changes in sediment runoff of the major tributaries of Lake Baikal, the data obtained by us earlier 
on the balance of sediment runoff in the Selenga River delta, transport of sediments from tributaries into the 
lake and their distribution in the coastal zone (Potemkina, 1985, 1993, 1998) need revising and further 
analyzing. This work will serve as information-analytical material for further research and prognosis of changes 
of sediment runoff in the Lake Baikal basin.  
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ZONES OF LAKE BAIKAL POOLLUTION IN THE AREA OF BAIKALSK PULP AND PAPER PLANT 
(BPPP) BY THE RESULTS OF HYDROCHEMICAL, GEOCHEMICAL AND HYDROBIOLOGICAL 

OBSERVATIONS IN 2000 – 2009 
Reznikov S. ., Matveev ., Anikanova .N., Arakelyan V.S., Yakunina .V. 

Hydrochemical Institute, 198, Stachki av., Rostov-on-Don 344090, Russia 
ghi@aaanet.ru   

Information base of the assessment of Lake Baikal state in the BPPP area are the results of seasonal 
observations in lake water area by Irkutsk Hydrometeorological Survey in 2000–2009 and survays of pollution 
of snow cover and precipitations in Baikalsk town. 

Atmosphere. Overall, particularly strong pollution of the near-shore territory of the Southern Baikal is 
manifested in such areas as Kultuk settl., Slyudyanka town, Baikalsk town and along the road from Baikalsk 
town to Kabansk town. By the results of hydrochemical surveys of the snow cover at the area of ca. 400 sq.km, 
maximal pollution in the BPPP area is observed in the area of >100 sq.km. Abrupt improving by some priority 
proxies occurred in 2009 - 5-fold decrease of minerals income from the atmosphere, including 15-fold one of 
sulfates. However, in 2009, in comparison with 2008, one noticed in the southern part of the lake a 2-fold 
increase of organic and sparingly soluble matter income. In the area of Baikalsk town, precipitation of sparingly 
soluble matter reached maximal since 1999 value. 

Lake. In comparison with data of perennial observation in the area of discharge of BPPP waste waters 
obtained in 2000-2009, the results of control of non-sulfate sulfur compounds content in Lake Baikal water 
concerned the regime of medial pollution. The results of hydrochemical surveys in 2008 in lake water area 
within the controlled territory (35 sq.km), as well as in 2009 at control location in 100 m from waste waters 
discharge considerably differ from previous years data. In 2008, after the earthquake in the Southern Baikal, 
the concentrations of non-sulfata sulfur increased everywhere up to 0.2-0.9 mg/l (average one was 0.4 mg/l), 
and the frequency of their detection – up to 41% (9–27%, 2007). In 2009, after stopping of discharges from the 
BPPP in the area of dispersion deep discharge of industrial and household wastes, 3-4-fold decrease of 
maximal concentrations of phenols, chlorides and sulfates is noticed. Maximal allowed concentration (MAC) 
exceeds were observed only in phenols and suspended matter up to 3 and1.4 MAC, respectively. 

Bottom sediments. Polluted bottom sites were revealed by a set of proxies determined in the water 
impregnating the upper layer of bottom sediments – by content of dissolved oxygen, nitrogen and phosphorus 
mineral compounds, volatile phenols, and in the sediments – by sulfide sulfur, carbon and organic nitrogen, 
easy- and uneasy hydrolyzed hydrocarbons and lignin-humus bulk. The values of dissolved oxygen <6.0 mg/l 
(background is 9.0-10.0 mg/l) were more often determined in the eastern part of the controlled area. It is 
noticed here as well maximal content of sulfide sulfur – 0.008%, in other part – not more than 0.005%. The 
sizes of a polluted bottom site at the depths up to 300 m during last 10 years were observed within 3.6–7.4 
sq.km. By technical reasons, the surveys of bottom sediments at large depths were not performed. It is to 
notice that a complex geomorphological structure of the area studied, the availability with a tilt up to 80 degrees 
results in migration of a part of sedimentary material down to large lake depths. 

Hydrobiology. Waste waters of the plant impact the hydrobionts in different ways. Zooplankton and 
zoobenthos abundance, in many cases – one of phytoplankton and microflora growth decrease. Average for 
last 10 years abundance of heterotrophs over all the controlled area was 370 cells/ml, in the end of  90ies - 150 
cells/ml. In the zone of a hard pollution (9.8 sq.km), mean abundance is 1100 cells/ml, out of the zone 
(background) – 120 cells/ml. In 2000-2008, overall increase of hydrocarbon oxidizing bacteria occurred: 10 
times in the surface water layer and 100 times in the surface layer of bottom sediments. The same situation 
was observed by pulp destroying bacteria. Pulp destroying bacteria were found at all the water area and 
controlled bottom area. In the end of 90ies, this kind of bacteria occurred at 30-50% of polygon area. 
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By phytoplankton, mean perennial value of pollution zone area was 12.4 sq.km, at mean abundance in it 
820 thous.cells/l, out of the zone - 200 thous.cells/l. By the whole controlled site, mean abundance increased 
from 35 (1997-1998) to 390 thous.cells/l. 

Among alga species there dominated Chroomonas acuta, Monoraphidium griffithii and Chrysidalis 
peritaphnera, their part is 19-53% of total phytoplankton abundance. 

Mean perennial pollution area in 2000-2007 by total zooplankton biomass was 12.6 sq.km. Abrupt 
oscillation of epishchura biomass occurred. E.g., in 1998, it was 130-380 mg/cubic meters, and in 2003-2004 – 
0.3-7 mg/cubic meter. Wastewaters also weaken the defense reaction of epishchura to a parasitic fungus 
saprolegnia. In the pollution zone, specimens affection was 3.5%, in background area – not more than 1.5% of 
total zooplankton abundance. 

The abundance of bacterial benthos in the pollution zone is considerably higher than on the background 
site, mean characteristics are respectively 48 thous.cells/g and 10 thous. cells/g. 

The analysis of zoobenthos samples taken at the area of 0.5 sq.km near sewage discharge at the depth 
of 10-150 m shows a considerable change in the biocenosis – endemic species are replaced by sparse species 
with a high ecological valence. Mean zoobenthos biomass decreased almost twice from 18.4 g/sq.m before 
starting of BPPP functioning to 10.2 g/sq.m (in 2000-2007), and the abundance increased from 1830 
specimens/sq.m to 4870 specimens./sq.m. 

Conclusion. The area of Baikalsk town remains the most polluted site of the Southern Baikal. It is 
probable that pollutants which incame into the environment in that area will impact Lake Baikal ecosystem 
during many years. 
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THE DEVELOPMENT OF THE SYSTEMS OF STRATIFIED CURRENTS AND THE TRANSFORMATIONS 
OF CHLOROPHILL-“A” DISTRIBUTION IN TELETSKOE LAKE  

Samolyubov B.I. 
Department of Physic of Sea and Inland Waters, Faculty of Physics, Lomonosov Moscow State University, 

GSP-1, Leninskie Gory, Moscow 119991, Russia 
samolyubov@phys.msu.ru 

Water dynamics and diffusion of admixtures in stratified lakes are extensively determined by the development 
of systems of currents. System of currents is a complex of flows that appear at different depths and interact 
with each other. These systems consist of near-bottom flows, jets and other currents. They are studied for the 
solution of fundamental and applied problems, including ecological ones (De Cesare, Boillat, 2003; 
Samolyubov, 2007; Selegei V.V., Selegei T.S., 1978; Samolyubov, Kirillova, 2010). The purposes of this study 
are: 1) the revelation of the regularities of the transformations of distributions of velocity and parameters of 
water composition; 2) the advancement of mathematical models of systems of currents and the transport of 
admixtures in these currents. 

Presented results were obtained by expeditions of the MSU in 2003–2006 in the latitudinal part of Lake 
Teletskoe (Samolyubov, 2007; Selegei V.V., Selegei T.S., 1978). The stratification of waters was mainly 
thermal. At the longitudinal crossings there were registered the profiles of current velocity and water 
composition parameters. The equipment is described in (Samolyubov, 2007). To determinate chlorophyll-“a” 
concentrations, water samples were taken. 

The main revealed transformations of current velocity field are the gravity acceleration of near-bottom 
current, confluences and bifurcations of two intermediate jets in the thermocline region, and also an 
intensification of the flow-current near the source of Biya River. 

The simulation of currents was made using the theory from (Samolyubov, 2007) modified in this study. 
The distribution of chlorophyll-“a” at the upper boundary of near-bottom current was compared with theoretical 
one based on the dependence of concentration of chlorophyll-“a” on the coefficient of turbulent exchange 
(Samolyubov, Kirillova, 2010). The concentrations of chlorophyll-“a” near the water surface and at the upper 
boundary of near-bottom current are inversely proportional.  

The ratio of chlorophyll-“a” concentrations at these levels decreased with an increase of the turbulence 
intensity in the intermediate jet. This testifies to the transport of chlorophyll-“a” into deep layers. 

The main results of the investigations are the following. 
1. The discovered system of stratified currents consists of near-bottom density current, intermediate jet 

and flow-current. 
2. The distributions of the velocities of currents forming the system agree with the ones calculated by the 

model modified in this study. The modification consists of dependences determining: a) the trajectories and 
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thicknesses of jets; b) the entrainment functions for near-bottom flow and velocity on its upper boundary; c) the 
velocity of the flow–drift current; d) the relationship of velocities of the near-bottom flow and the jet flow. 

3. Vertical exchange intensification in intermediate jets leads to alignment of chlorophyll-“a” 
concentrations in these currents and hence, to the enrichment of deep waters with nutrient elements. 

4. A model for calculation of the longitudinal distribution of the oxygen concentration in the near-bottom 
flow has been verified. The dependence of chlorophyll-“a” concentration in the upper boundary of the flow on 
exchange coefficients has been obtained. 

This work was supported by RFBR (project 08-05-00574).  
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ON THERMOBARIC STABILITY AND LE CHATELIER PRINCIPLE IN NATURAL DEEP WATERS:  
LAKE BAIKAL AS AN EXAMPLE  

Sherstyankin P.P., Cherkashin A.K.* 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

*Institute of geography SB RAS, 1, Ulan-Batorskaya St., Irkutsk 664033, Russia  
ppsherst@lin.irk.ru  

According to the definition, vertical density stability of natural waters is achieved when water density increases 
with depth, and water temperature of maximal density Tmd should be a natural temperature boundary of stable 
temperature stratification. However, it is partly true, as approximation of natural water temperatures to Tmd 
should be accompanied, as a rule, by cooling. Stable density stratification at some depths (for fresh waters it is 
200-300 m) is observed under other thermobaric conditions. In 1925, G.Yu. Vereshchagin (1927) observed 
during the first precision measurements of water temperature at Lake Baikal that temperature difference T=T-
Tmd grew with the increase of pressure P or depth Z. However, he was unable to explain this effect. G.Yu. 
Vereshchagin (1927, 1936) applied temperature difference T=T-Tmd in his deepwater measurements of water 
temperature considering it to be very significant. Therefore, this difference may bear his name - TVer. 

Temperature difference TVer(P)=T(P)-Tmd(P) possesses a number of unique properties: for pressure P 
transformation within molecular structures is preserved not only for Tmd but also for the whole temperature bar 

TVer(P) or for Chen and Millero’s equation of state with Tmd 4oC from -4 to 26ºC; thermodynamic parameters 
for TVer(P) and equidistant Tmd are similar and differ at different pressures P only in correction for pressure. 
Temperature adjustment Tadj(P P0) from pressure P to normal surface pressure P0 comes to addition of 
temperature of maximal density Tmd(P0) (Sherstyankin et al., 1998; Sherstyankin et al., 2001, 2002, 2003): 

Tadj(P P0)= TVer(P)+Tmd(P0).                                                   (1) 
H. Eklund (1965) studying regularities of T changes (he was unaware of Vereshchagin’s works) was the 

first who saw a new form of the highest stability and demonstrated it from pure mathematical considerations. 
However, these regularities were quantitatively precise. O.I. Mamaev (1997) explained vertical profiles of deep 
temperatures at Lake Baikal from philosophical viewpoint: such behaviour of temperature Tin situ was 
“energetically more efficient”. Sherstyankin and Kuimova (2002) showed that with the increase of depth Z 
(pressure P), when there is transformation within molecular water structures with reduction of Tmd (Zatsepina, 
1974) warming with equivalent temperature of aquatic environment takes place for preserving temperatures Tin 

situ at approximately constant level. However, the authors could not find explanation for it.  
To explain this effect it is necessary to consider conditions for preserving thermodynamic equilibrium of 

some amount of natural water with change of depth (pressure). Let us assume that pressure increased (or 
depth) for some amount of water, then Tmd decreased, water density increased, and mechanical and 
thermodynamic equilibrium was disturbed. It will continue till this amount of water reaches the bottom. It does 
not occur in reality. Why? Because Le Chatelier principle works here (Landau, Livshits, 2001; Cherkashin, 
1997): if a system is in equilibrium state, any process caused by outer effect is directed in such a way that it 
tends to eliminate changes caused by outer effects. I.e., cooling of water molecules caused by intra-molecular 
transformation results in compaction and absorption of thermal energy. Water molecules gain compensating 
heat from the thermodynamic system. On the whole, intra-molecular structures do not change their thermal 
state, and T=T-Tmd increases with the rise of pressure or depth.  

G.Yu. Vereshchagin (1927) tried to set a rule for obtaining temperature reduced from any pressure P to a 
normal P0 above sea level. For example, he obtained Tadj (1000 0) equal to 5.49ºC for the temperature 3.36ºC 
at a depth of 1000 m in Southern Baikal. His result of temperature adjustment (5.49ºC) was misunderstood for 
a long time. We checked thoroughly his inference and found out that it corresponds completely to formula (1) 
as the discrepancy existed (our result is 5.386ºC) is attributed to more precise calculations (Shersyankin, 
2003). 

Our inference of TVer(P)=T(P)-Tmd(P) rise with the increase of pressure P (depth Z) and the use of Le 
Chatelier principle allow us to understand thermodynamic processes occurring in the natural water with the 
change of pressure P or depth Z in a different way 

The work was supported by RFBR Grant No. 08-05-00395.  
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ON THERMODYNAMIC PROPERTIES OF WATERS IN THE AREA OF LAKE BAIKAL MAXIMAL DEPTHS 
BY OBSERVATIONS FROM “MIR-2” DURING SPRING THERMAL BAR  

Sherstyankin P.P., Fialkov V.A.*, Chernyaev Ye.S.**, Sagalevich .**, Ivanov V.G.,  
Potemkin V.L., Kuimova L.N. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
*Baikal Museum of ISC of RAS SB, 1, Academicheskaya St., Listvyanka settl. 664520, Irkutsk Region, Russia 

**P.P. Shirshov Institute of Oceanology of RAS, 36, Nakhimov av., Moscow 117997, Russia 
ppsherst@lin.irk.ru 

Temperature and pressure (depth) measurements with CTD probe MCTD3.5” attached to an outer bracket of 
Deep-water manned apparatus “MIR-2” were carried out near Izhimey Cape in the Central Baikal on July 5, 
2009 during the spring thermal bar, new results were obtained. The observation were done while submersing in 
4 km and while surfacing in 10-11 km towards South-East from Izhimey Cape and during underwater near-
bottom tack 6 km long.  

Briefly about the peculiarities of temperature profiles: from the surface to 78 m there was reversal 
temperature stratification (water temperature T  is less than temperature of maximal density mdT , 
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0mdTT ), at the depth of 78 m mdTT , and deeper mdTT , 0mdTT . In the layer of 78 -300 m, 

temperatures T  were close to mdT , at the depths of >384 m, the difference mdTT  became >0.25oC and 
increased with depth. In the depth of 900-1500 m, vertical gradients on the profile were minimal, and the 
temperatures decreased linearly with depth; at the depths of >1500 m rates (gradients) of decrease increased 
7-fold. Our temperature profiles coincided practically exactly with profiles obtained before in the same area on 
July 17, 1988 during the spring thermal bar (Carmack, Weiss 1991 and Weiss et al. 1991). It was shown in the 
same papers that the layer of near-bottom, abrupt temperature decrease with a high oxygen content and with 
young waters age (9-16 years) suggests deep-water renewal. The comparison of temperature profiles we 
obtained showed that while submersing the temperatures were higher than while surfacing: near the surface – 
by 0.1oC, near the bottom - by 0.04oC; the fluctuations were also higher: 0.16oC and 0.02oC, respectively. 
Fluctuation increase can be explained by the fact that the submersing occurred in the convergent zone of 
thermal bar front or near it, as the influence of more heated apparatus body and one of searchlights were not 
noticeable. Indeed, while submersing, the searchlights were turned on only since the depth of 650 m, and it did 
not influence temperature fluctuations at all. The presence of spring thermal bar near the Eastern coast of 
Ol'khon Island is confirmed by earlier observations (Sherstyankin, 1973; Carmack, Weiss, 1991). Increase of 
water temperature fluctuation from 0.2 to 0.6oC in the front of the spring thermal bar were noticed while 
describing them first in Lake Baikal (Sherstyankin, 1964).  

It is seen from temperature records at the near-bottom tack 9 km long at the depth of > 1610 m that the 
near-bottom temperature changes at the height of 2.5 m from the bottom from 3.135 to 3.076oC with 
irregularities ca. 2 km wide. 

The assessment of near-bottom waters of deep-water (>1500 m) basin of the Central Baikal covered by 
an abrupt temperature decrease, taking into account data by E. Carmack, R. Weiss (1991) in the section 
Izhimey Cape – Gremyachiy Cape in the bar 1 km wide is ca. 15 km3, for the basin with depths of > 1500 m, 
taking into account data by De Batist et al. 2002 is <148 km3. 

We present here the Table of thermodynamic parameters of Baikal waters from the surface to the depth 
of >1500 m for temperature T  for temperature of maximal density mdT , for difference of Mendeleev 

temperatures ,md
M TTT  for thermal dilatation factor  and for adiabat parameter vp cc / . 

Not large thickness of the layer of the reversal temperature stratification (78 m) we observed on Lake 
Baikal is like a temperature structure in surface layers of under-ice ocean on Europe, Jupiter's moon, where the 
same layer is 200 m thick (Melosh et al. 2004), or, in Earth scale, it is 200/7=28.6 meters.  

This work is done with organizing and financial support of the Foundation for Lake Baikal Protection, of “Metropol” 
companies and of RFBR grant No 08-05-00395.  
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ON MESOTHERMAL TEMPERATURE MAXIMUM OF DISCOVERED BY G.YU. VERESHCHAGIN IN 
WINTER UNDER THE ICE IN THE SOUTHERN BAIKAL 

Sherstyankin P.P., Ivanov V.G., Kuimova L.N. 
Limnological Institute of SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

ppsherst@lin.irk.ru 

The mesothermal temperature maximum ( ), according to G.Yu. Vereshchagin's definition (1936), appears 
at the boundary of reversal and direct temperature stratification (RTS  and DTS), where water temperatures 
T  are the highest in vertical profiles and must be approximately equal to the temperature of maximal density 

mdT .  
 is a climatic phenomenon, a necessary condition for its generating is the existence of RTS. 

Temperature variability in surface waters of the Southern Baikal was studied by observations at a site in 
Listvyanka settl. since 1965. RTS period, when mdTT  was 9 days longer than DTS period in 1965, when 

mdTT , and 6 days longer in 2009, i. ., it is predominant suggesting the importance of its study.  

Depth of bedding of  zone is close to the cross-point of the profiles T  and mdT  or to the depth 

mdTT , in this case maximums of temperature T  can be some tens meters above or below the point 

mdTT  (Hohman et al. 1996), or T  can cross many times the line mdT  (Sherstyankin et al., 2005). 
Calculations using isothermal models taking into account anomalous temperature and density features of water 
show that for the isotherms of 3.5 and 2oC, bedding depths of  would be 245 and 967 m, 
respectively(Sherstyankin, Kuimova 2009), i. ., for the increase of  depth, stronger cooling of upper water 
layers is required (Vereshchagin, 1927, 1936; Shimaraev et al., 1995, etc.). Vereshchagin G.Yu. (1927) wrote: 
«vertical transition of water masses covers considerable depths; it occurs mainly in late autumn, when the 
winds on Lake Baikal are especially strong and continuous». Conditions of  formation, depths of its 
bedding are determined by mixing intensity in autumn and depend on winds activity (Shimaraev et al., 1995), 
this is also due to a low level of solar radiation resulting from low position of the Sun. The efficiency of wind 
cooling can be manifested by MEDOC convection, when a strong mistral decreases the temperature of waters 
in North-Western part of Mediterranean Sea more than by 10oC in a layer ca. 1 km (MEDOC group, 1970). On 
Lake Baikal, average wind velocity is maximal in November-December (Verbolov et al., 1965), it influences 

 formation. 
Spatial observations of vertical profiles of temperature and  in the Southern Baikal were mainly 

carried out at the cross-section from Ivanovsky Cape, 10 km towards Murino settl., temporal ones – in the ice 
camp of Neutrino Telescope (3.5 km). Average spatial values of bedding depths of  in 1998, 2005 and 
2007 varied from 219, 166 to 189 m; at temporal and spatial variation of bedding depths, there are sometimes 
maximums with exceeding above adjacent stations or with series up to 40 m. In such sites, surface waters 
outburst into deep layers is observed (Sherstyankin et al., 2009). At the stations situated more closely to the 
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coast, the maximums of real temperature are situated up to 60 m above the point mdTT , and waters 
temperature of upper layers is lower up to 0.5oC than far from the coast. The dynamics of the site of 
temperature maximum formation is complicated due to the fact that in the area of , buoyancy forces are 
insignificant, as the modulus of thermal dilatation factor | 0, some forces which are difficult to be taken into 
account participate in its formation; the MTM layer itself moves sometimes more rapidly than layers above and 
below it (Sokol'nikov, 1964). In the  layer, as it is noticed by Sokol'nikov (1964), «two heat flows are 
combined: radiating one, via the ice cover, and geothermal one, incoming into the water from the subsoil». Let 
us notice that combination can be understood as compensation of these flows, so, bedding depth of  at 
T=Tmd can be considered as a measure of the depth of lake waters cooling.  

The work is being done according a Priority Project VII. 62 and is supported by RFBR grant No. 08-05-00395. 
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HYDROPHYSICAL REGIME OF LAKE BAIKAL SITUATED IN A RIFT DEPRESSION FROM ITS 
APPEARING TILL NOWADAYS 

Sherstyankin P.P., S nkov V. . * 
Limnological Institute of SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 
*Institute of the Earth’s Crust SB RAS, 128, Lermontov st., Irkutsk 664033, Russia 

ppsherst@lin.irk.ru  

The main peculiarity of Lake Baikal is its position in a basin of rift type, it started generating 55-65 My ago, its 
development is continuing up to nowadays (Logachev, 2003). The hydrophysical regime of Lake Baikal is 
determined by the temperature of its waters, by the climate of surrounding territories contributing mainly in the 
vertical stability, in buoyancy frequency and, respectively, in the convective structure of its waters. Finally, the 
hydrophysical regime determines abiotic lake background, and a constant convection makes the water 
environment favourable for biota development. The main geological process which is in the base of generating 
and development of Baikal Depression and Lake Baikal is Cenozoic continental rift genesis. In the formation of 
Baikal Depression, several tectonic stages are distinguished (Nagor’ya…, 1974; Logachev, 2003; Mats et al., 
2001, 2010, etc.) which are characterized by different rates and relations of amplitudes of vertical and 
horizontal movements. Together with climate, it determined the conditions of formations and sizes of lakes at 
the site of future Baikal Rift. At the initial stage (Paleocene - Eocene), when horizontal movements dominated, 
shallow-water lakes formed in shallow and wide basins. Mean annual air temperatures  during that period 
were ca. 20 C, and the depths varied from ~200 m (Popova et al., 1989). The start of formation of a large lake 
itself in Southern Baikal Depression can be related to Oligocene - 30-35 My ago (Logachev, 2003). The lake 
deepening gradually and some hundreds of meters deep existed under the conditions of humid subtropical 
climate with mean annual temperatures from +15 to +20°  (Popova et al., 1989). With time climate slightly 
varied, and by 3.5 – 2.4 My ago, there was already in Pre-Baikal dry subtropical climate with characteristic for it 
mean annual temperatures. The rates of vertical movements considerably increased resulting both in lifting of 
ranges and in bending of depressions bottoms «rapid rifting» by N. .Logachev (2003). V.D. Mats et al. (2001) 
relates it to Ol'khon tectonic phase (4-3 My ago). The lifting of mountain structures and general cooling resulted 
in glaciations which, according to Kuz'min et al. (2001), are noticed first ca. 2.8-2.4 My ago. Depths close to 
modern ones (>1000 m) were reached due to new forcing of vertical movements which had begum ca. 1.2 My 
ago, according to V.D. Mats, this is «Primorsky tectonic phase». 

Believing that water temperature at all stages of Lake Baikal basin and water body development, as well 
that modern analogous lakes for different stages of lake development are known, we made calculations on the 
example of natural water with anomalous temperature and density properties (Sherstyankin et al., 2010) for 
isothermal models of sustainability E and of buoyancy frequency N as N2 (Sherstyankin, Kuimova, 2009). For 
subtropical climate, at mean annual air temperatures of 20÷10oC, in the case of equilibrium adiabatic regime, 
Ead and N2

ad which are always >0, increase slightly with pressure increase. With closing to temperature of 
maximal density Tmd from water temperatures T>Tmd (direct temperature stratification) or from T<Tmd (reversal 
temperature stratification), Ead and N2

ad behave non-linearly due to the pressure, and at T=Tmd (for lake Baikal 
Tmd 4oC) have a minimum of several decimal orders as a particular point, cuspidal point called “spike”. The 
depth at which the minimum Ead and N2

ad is realized depends on remoteness of T from Tmd or on difference 
T=T-Tmd, and at T=0, -0.5, -1 and -2oC it is equal to 0, 227, 483 and 967 m. The strongest cooling of surface 

waters of Lake Baikal occurred during the transition from subtropical climate to moderate modern one ca. 2.5 
My ago, when mean annual air temperatures dropped up to -10oC. The transition accompanied by hurricane 
winds like Mistral, generating Mediterranean convection with vertical rates 10-12 km/days (MEDOC group, 
1970). Minimum of Ead and N2

ad corresponds to well studied mesothermal maximum of temperature discovered 
on Lake Baikal by G.Yu. Vereshchagin (1927). Non-linearities of Ead and N2

ad with approximation to Tmd with 
depth variation are generated by anomalous temperature-density properties of natural water, in Southern and 
Central Baikal they are noticeable up to the depths of 900 m, in the Northern Baikal – up to the bottom. 

The work is supported by RFBR, grant No 08-05-00395. 
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DEEP INTRUSIONS AND OXYGEN VENTILATION OF NEAR-BOTTOM WATERS OF LAKE BAIKAL  
Shimaraev M.N., Granin N.G., Zhdanov A.A., Gnatovsky R.Yu., Blinov V.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

shimarae@lin.irk.ru 

Intrusions of cold waters emerging in spring and at the end of the year under conditions of inverse temperature 
stratification are one of the major processes that provide renewal of deep and near-bottom waters of Lake 
Baikal. Their emergence is caused by thermobaric instability in water layers with temperature close to 
temperature of maximal density Tmd. In the general case, it is connected with the lowering effect of Tmd with the 
rise of hydrostatic pressure (Weiss et al., 1991; Shimaraev, Granin, 1991). This instability may be caused by 
atmospheric effect on the water column (Weiss et al., 1991), processes occurring at thermobar fronts 
(Shimaraev et al., 1993; Shimaraev et al., 1996), differences in mineralization, and by “chimney”-type 
phenomena (Wuest et al., 2005). Intrusions induce cooling of the near-bottom layer (Weiss et al., 1991; 
Shimaraev, Granin, 1991; Shimaraev et al., 1993; Shimaraev et al., 1996; Wuest et al., 2005) and, at the same 
time, a rise of oxygen concentration in this layer (Weiss et al., 1991; Shimaraev et al., 1996). 

Simultaneous measurements of temperature and oxygen concentrations were performed in June and 
July of 1997 and in 2006-2007 with a probe SBE-25 and a sensor SBE-43 to estimate the intrusion effect on 
oxygen ventilation of near-bottom waters. Data on temperature in the near-bottom layer of the southern and 
central basins of the lake were evidence of large scales of cooling  Q(-)  and significant rise of oxygen content 
to the bottom. Cooling values were calculated from the equation  Q(-) = 0.5 h (Tbf – Tbh), where Tbf and Tbh – 
factual and hypothetical water temperature at the bottom (given the undisturbed distribution), h – thickness of 
cold near-bottom layer.  Positive increments of O2 reserves were determined as O2(+) =  0.5×  h  (O2f- O2h), 
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where O2f and O2h – factual and hypothetical element concentrations at the bottom. Values  Q(-) and O2(+) are 
given in Table 1. 

Empirical dependence was determined from the calculations of Q(-) and 2(+) for transect stations in 
1997, 2006 and 2007: O2(+)= -1.60 Q(-)+10.1 (R2=0.61, p<0.001, n=31), where  O2(+) in gO2/m2,   Q(-) in 
MJ/m2. Intrusion fluxes were calculated from dependence and data on Q(-) in separate basins in 1993-2007 
(Fig. 1).   

Peculiar features of oxygen ventilation of near-bottom zone are its irregularity in time and asynchronism 
in different parts of the lake. It occurred more often in Southern Baikal (9 years from 14), more seldom – in 
Central (6 years) and Northern Baikal (7 years). In the study period (1993-2007), average intrusion oxygen flux 
into the near-bottom zone of Southern Baikal (9.3 gO2/m2 a year) appeared to be larger than in Southern (6.7) 
and Northern Baikal (5.4 gO2/m2 a year).  

The work was supported by RFBR Grant No. 09-05-00222.   
 

Table 1. Values  Q(-) and O2(+)  calculated for central transect stations in Southern Baikal, 11-13 July of 2007 
  Q(-)  2(+)  11-

13  2007 .).  
 St. 1 

11.07 
St. 2 
11.07 

St.3 
11-12.07 

St. 4 
12.07 

St.5 
13.07 Average 

, m 1256 1242 1284 1422 1434  
H, m 96 152 204 166 246 172 

 Q(-) MJ/m2 -5.36 -18.21 -33.26 -25.9 -36 -23.7 
Tmin  C 3.3258 3.2962 3.256 3.2636 3.2788 3.256 

 O2(+) gO2/m2 16,1 24.77 42.7 75.9 43 40.5 
Note: St. 1 – 15 km off Kultuk, St. 2 – transect Marituy-Solzan, St. 3 – transect Cape Tolsty-Snezhnaya River, St. 4 – 
transect Listvyanka-Tankhoy, St. 5 – transect Cape Kadilny-Mishikha River. H – depth (m), h – thickness of near-bottom 
layer, Tmin – temperature at the bottom ( . 1 – 15 . , . 2 – , . 3 –  . 
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Fig. 1. Values O2(+) in the basins from the survey data in 1993-2007  
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.   Q(-) = 0,5 h (  -  ),   – 
 ( ) , h  

. 2 O2(+) = 
0,5× h (O - O ),  O  O  – . 

    Q(-) O2(+) . 1 (Table 1).  
 Q(-)  2(+)  1997, 2006  2007 . 

: 2(+)= -1,60 Q(-)+10,1 (R2=0.61, p<0.001, n=31),  O2(+)
2 2, 

Q(-)
2.  Q(-)  1993-2007 .  

 (Fig. 1). 
 

.  (  9  14)  
,  –  (6 )  (7 ).  1993-2007 .  

 (9,3 2 2 )  ,   
 (6,7)  (5,4 2 2 ).  

, 
 09-05-00222.   

ON CIRCULATION MECHANISMS OF MODERN OSCILLATIONS OF CLIMATIC AND  
HYDROLOGICAL CHARACTERISTICS IN LAKE BAIKAL  

Shimaraev M.N., Sizova L.N. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

shimarae@lin.irk.ru   

Methods and material  
Indices of the major mechanisms of atmosphere circulation in the Northern Hemisphere from NOAA data 

(USA) were used for the analysis: INAO, IAO – indices of zonal circulation activity, IPOL – Polar-Eurasian, ISCAND – 
Scandinavian, IEA – East-Atlantic, IEAWR – East-Atlantic-West-Russian, IPNA – Pacific-North-American, IWP – 
West-Pacific, and ISOI – index of south oscillation. We estimated separate and total effects of these 
mechanisms on air temperature, atmospheric precipitation and river flow into Lake Baikal for the period of 
1954-2008, as well as on ice phenomena in 1951-2010. We also analyzed correlation of elements with indices 
(r), coefficients of determination (R2) and multiple correlation (R) in the equations of multiple linear regression. 
Comparative contribution of some mechanisms to element changes was estimated.  
Results  

AO plays a leading role in the rise of annual and seasonal air temperature (except summer), whereas 
SCAND, blocking the zonal transfer over North Eurasia, affects its lowering. In summer, negative SCAND effect 
remains. Positive changes are connected with EA. Circulation processes affect changes in temperature of a 
year, winter, spring and autumn (R=0.68÷0.76) by 46-58%, whereas in summer their contribution reduces to 
21% (R=0.46).  

Relationship between atmospheric precipitation and circulation indices for different seasons and a year 
is, as a rule, insignificant except that with POL in autumn (r=-0.334) and with AO (r=0.38) and SCAND (r=-
0.319) for a year. Multiple linear regression equations are significant for spring, autumn and a year and 
describe about 20-26% of precipitation changeability with the AO contribution (56%) to the total effect of all 
factors. 

Circulation processes significantly influence the total annual inflow from June to November (R2 

=0.31÷0.36, R=0.56÷0.60). AO is the major contributor (44-69%) to inflow changes, whereas EAWR (22-47%) 
and SCAND (12-22%) contribute less. Multiple correlation coefficients of annual inflow and annual circulation 
indices increase at the shift (lag) of the latter 1 and 2 years back (from R0=0.43 to R-1=0.53 and R-2=0.54). 
Among major tributaries the inflow of the Barguzin River reacts more to circulation changes (R2 =0.30, R=0.55) 
than that of the Rivers Selenga (R2 =0.15, R=0.39) and Upper Angara (R2 =0.14, R=0.38). However, 
relationship becomes stronger at a lag of one year for the Selenga River (R2 =0.25, R-=0.50) and of 2 years for 
the Upper Angara River (R2 =0.26, R-2=0.51).  

Ice phenomena, like air temperature, also react to oscillations of atmospheric circulation. Multiple 
correlation equation of freezing terms near Listvyanka in 1951-2010 with circulation indices in November and 
December (R2 =0.49, R=0.70, error ±7.5 days) describes most of the years with noticeable anomalies of 
freezing dates (Fig. 1a). Years of late freezing correspond to elevated activity of AO, NAO, EA and EAWR and 
weakened activity of SCAND and POL. In years of early freezing, the relationship is reverse. Close connections 
are observed between AO (r=-0.42) and SCAND (r= 0.37), SCAND contribution to the changeability described 
by the equation being 64%.  

Circulation processes in winter (December-February) affect the inter-annual and intrasecular 
changeability of ice thickness ( ). Coefficients of pair correlation revealed significant effect of  reduction at 
AO  (r=-0.464), NAO (r=-0.352) and EAWR (r=-0.278) and its rise at SCAND (r= 0.578). Multiple regression 
equation takes into account about 44% of  changeability at R=0.66 with an error of ±11.2 cm and explains 
the  reduction trend in 1969-1995 and in years with anomalously thick ice cover (1969, 1977, 1985, 2001, 
2010) (Fig. 1b).  
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Results of studies showed that long- and short-term oscillations of winter air temperature and ice 
phenomena at Lake Baikal, including anomalous years, were caused by changes of atmosphere circulation. Its 
influence on atmospheric precipitation and river inflow was revealed in scales of average- and long-term 
oscillations (from 5-10 to 10-20 years). Major mechanisms of circulation significantly affect all elements of AO, 
NAO and SCAND.  
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Fig. 1. Freezing terms (a) and ice thickness (b) from observations (1) and calculations of regression dependences (2) 

 ( )  ( )  (1)  (2)). 

 
 

., . 
, 3, . ,  664033,  

  
 

 NOAA ( ): INAO, IAO, - , -
 IPOL,  ISCAND,  IEA -

 IEAWR;  –  IPNA,  IWP,  
 ISOI.  

,  1954-2008 .,  1951-
2010 .  c  (r),  (R2)  

 (R) . 
.  

 
 ( ) ,  

 – SCAND, .  
 SCAND, . 
 46-58% , ,  

(R=0,68÷0,76),  21% (R=0,46).  
, 

, ,  POL  (r=-0,334),   AO (r=0,38)  SCAND (r=-0,319)  
. ,  

 20-26% ,  56%. 
 

 (R2 =0,31÷0,36,  R=0,56÷0,60).  
(44-69%),  EAWR (22-47%)  SCAND (12-22%).  

 ( ) 
 1   2   R0=0,43  R-1=0,53,  R-2=0,54.  

.  (R2 =0,30,  R=0,55)  
 (R2 =0,15,  R=0,39) .  (R2 =0,14,  R=0,38), , ,  

 1  (R2 =0,25,  R-1=0,50)  2 .  (R2 =0,26,  R-2=0,51).  
, ,  

. .  1951-2010 . 
 (R2 =0,49, R=0,70,  ±7,5 )  



 255 

 (Fig. 1 ).  
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ON THE ACCURACY OF SOME BALANCE ASSESSMENTS OF LAKE BAIKAL 
Sinyukovich V.N., Kurbatova N.N.* 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
*CHMS-R, 76, Partisanskaya St., Irkutsk 664047, Russia 

sin@lin.irk.ru 

The assessment of matter and energy cycling in lakes and water reservoirs are based mainly on data on water 
income and outcome registration in the water bodies. Thus, the accuracy of Lake Baikal water balance 
elements calculation initially determines the quality the results of calculation of income and outcome from the 
lake of different compounds of solutions and suspensions, heat energy, etc.  

The analysis of materials on water income and outcome in Lake Baikal for the periods of its normal 
exploitation (1962-2008) done after a preliminary correction of data which was required because formally Lake 
Baikal water balance is attached by Russian Hydrometeorological Survey to Irkutsk Hydroelectric Power Plant 
power site (i. ., it includes Irkutsk water reservoir) allowed to reveal the ratio of its element and to assess their 
convergence. For calculation period, annual water income into the lake is in average 76.0 km3, 63.6 km3 of 
them (84 %) income with rivers. In outcome part which is 73.6 km3 per year, main volume belongs to the 
Angara River outflow – 58.9 km3 (80 %). 

The presented data suggest predominance of income part of water balance vs. outcome one. Average 
value of the imbalance for the period considered taking into account the accumulation is 2.3 km3/year, it is 
equal to a water layer ca. 7 m high, and maximal one reaches 5-6 km3/year (20 cm). Among 47 considered 
years, the imbalance was positive in 37 cases. Within a year, minimal convergence of water income and 
outcome is characteristic for summer months.  

The characterized situation is a consequence of an insufficient accuracy of determination of Lake Baikal 
water balance elements and, first of all, of its main compounds – income and outcome. The researchers’ 
opinion on this matter is different: some prefer to believe determination of water income into the lake incorrect, 
other ones believe that the reason is underestimation (decrease) of the outflow via Irkutsk Hydroelectric Power 
Plant. While balance establishing, either the income decreases, or outcome increases by the imbalance value.  

To eliminate this uncertainty, it is necessary at least to perform a natural calibration of Irkutsk 
Hydroelectric Power Plant turbines, although other elements of Lake Baikal water balance also need some 
specification. In particular, the reliability of income measurements decreased due to reduction of observation 
sites amount and of their technical equipment. Up to now there isa question on including into the balance of an 
underground income into the lake which is, by B.I. Pisarsky 1.64 km3/year, and the standards for calculation of 
heat and humidity cycle are developed for plane water bodies in the European part of Russia.  

The above cited circumstances are to be taken into account while performing balance calculations of 
such matter and energy in Lake Baikal which are intermitted via compounds of water income and outcome. 
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CURRENT CHEMICAL OUTPUT OF THE ANGARA RIVER 
Sorokovikova L.M., Sinyukovich V.N., Domysheva V.M. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
lara@lin.irk.ru 

The Angara River flows out from Lake Baikal and throughout 1779 km flows into the Yenisei River. The output 
of solutes with the riverine waters in the Angara origin is well studied being better known as the chemical output 
from the lake. According to the published materials it is estimated to be 5-6 million tons / year having relatively 
small interannual and seasonal variations that occur in response to the changes in the water content. Slight 
variability in the chemical riverine output is a consequence of the stable ion composition of Baikal waters for 
which the published differences in the concentrations of individual elements during different periods are often 
caused by using different methods of examination. 

Downstream the Angara River, its hydrochemical regime and the water chemistry were studied mainly for 
reservoirs, whereas the total output of ions in the river’s mouth is, according to the published data available 
(Resursy. .., 1972), 10.6 million tons / year. However, this estimate is not consistent with the increasing content 
of total dissolved solids (TDS) from the river’s source to its lower reaches from 95-96 to 150-160 mg / l, 
reported by some authors (Glazunov, 1963; Egorova, Strizhova, 1985; Sorokovikova, 1993). Even while 
maintaining the original (Baikal) TDS of the Angara river water, the chemical output must be at least 15 million 
tons / year due to 2.5 times increased water content at the river mouth.  

Our investigations of the chemistry of riverine water in the area of the future Boguchanskiy reservoir and 
the downstream part of the river allow us to estimate the current chemical output of the Angara River. Some 
transformation of the water quality, which may occur after the completion of the Boguchanskiy reservoir would 
affect mainly the contents of nutrients. As to the major ions, the water transformation will be expressed 
predominantly in the smoothing of seasonal and interannual differences in their concentrations. 

The data on the ions output with the Angara River at its source calculated from the published data (Koval 
et al, 2005; Domysheva, 2009) were compared with our estimates made for the alignment of the 
Boguchanskaya hydroelectric power station (HPS) located 455 km upstream the point where the Angara is 
flowing into the Yenisei River (Table). These estimates show that in the alignment area the output of riverine 
solutes already exceeds 15 million tons / year. In the lower reaches of the Angara, the output of chlorides, 
sulfates, sodium and potassium ions significantly increases due to higher concentrations of these components 
resulted from the water input with tributaries and man-made factors. 

The output of silicon has increased 1.8 times, however its value is less than what would be expected 
from the increased water content and the concentrations recorded in the waters of flowing into tributaries. The 
relative decrease in the output of silicon, nitrogen, and phosphorus is associated with their consumption by the 
phytoplankton, actively developing in the reservoirs of the Angara cascade (Vorobyeva, 1995). 

To assess the chemical output of the Angara River in its mouth, we used the increase in water content in 
the river part from the alignment of the Boguchanskaya HPS to the confluence of the Yenisei, the water 
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chemistry of the Angara River in its mouth (Sorokovikova, 1993) and of the tributaries flowing into at the lower 
part of the river. The water chemistry of the Taseevo River, the major tributary supplying almost 2 / 3 of the 
growth of water content, was estimated from the corresponding parameters of the Rivers Uda and Birusa, 
whose junction formes the Taseevo River. There is similar absolute and relative content of chemical 
components in the waters of the Rivers Angara and Taseevo. The results of calculations show that the Angara 
River enter about 20 million tons / year of dissolved substances into the Yenisei River, which is almost twice 
higher compared to the previously reported  (Resursy.., 1972) data. 
 
Table 1. The current chemical output of the Angara River ( . ). 

 
Major ions, mln tons/year / ,  

Nutrients, ktons/year / 
, . 

 The aligement / 
 

CO3
- SO4

2- Cl- Ca2+ 

 Mg2+ Na++K+ 
The total 
amount of 

ions 

NO3
- PO4

3- Si 

River head / 1 3,68 0,33 0.03 0.86 0,19 0,24 5,34 202 1,82 652 

river head / 3 3,85 0,31 0,02 0,95 0,18 0,25 5,56 21 2,0 67 
Boguchanskaya HPS 
/  9,30 1,69 0,62 2,32 0,58 0,98 15,5 24 2,4 120 

1  - Koval et al., 2005;  2 - averaged from the published data; 3 - Domysheva, 2009 (1  - ., 2005; 2 - 
; 3 – , 2009) 
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PECUIARITIES OF FORMATION OF THE MIXING ZONE OF RIVERINE AND LAKE WATERS  
IN THE BARGUZIN BAY OF LAKE BAIKAL 

Sorokovikova L.M., Tomberg I.V., Sinyukovich V.N., Sez’ko N.P., Dolya I.N. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

kaktus@lin.irk.ru 

Transformation of the waters of the Barguzin River at its flowing into Lake Baikal is determined by a complex of 
hydrometeorological factors, including the water input, the content of total dissolved solids (TDS), and 
temperature of mixed waters. The influence of each factor is characterized by substantial variability over time, 
which determines specific features of the formation of the zone of riverine and lake waters mixing in the 
Barguzinsky Bay.  

The content of TDS in the Barguzin River waters mostly (except for high floods) exceeds that in Lake 
Baikal: 120-210 and 96 mg / L, respectively. Riverine waters entered the bay are carried by the constant 
current from the the river mouth along the north-eastern and northern shores towards the cape Nizhnee 
Izgolovie of the Svyatoi Nos peninsula. The prevailing wind conditions in the area also help to keep the main 
flow of the riverine waters near the northern shore of the bay.  

In June, penetration of riverine waters into the central part of the bay is limited by the thermal bar. As the 
water warms, a direct thermal stratification is established contributing to the spread of the warm Barguzin 
waters along the bay surface for rather long distance from the river mouth. The penetration of colder Baikal 
waters into the bay leads to decrease of the mixing zone. In autumn, the Barguzin waters are again blocked in 
the coastal strip due to the autumn thermal bar.  

Specific features of the mixing zone formation in the Barguzinsky Bay were revealed when analyzing the 
data obtained in periods (July 2004 and July 2007), characterized by different water contents in the Barguzin 
River. The completeness of the transformation of riverine water masses into the lake waters was estimated via 
a share of lake water (Koz) involved in the mixing (Sinyukovich et al., 2008). At some point of the mixing zone, 
Koz depends on the concentration of the given conservative component measured at this point (Cmix), on its 
initial concentration in the riverine (CR) and lake (CL) waters:  

Koz = (CR - Cmix) / (CR - CL). 
It was revealed that the concentrations of major ions in the mixing zone vary linearly with increasing Koz, 

suggesting the predominant mechanism of mixing to be a simple dynamic mixing of water masses. With regard 
to nutrients, their content (except for silicon) often varies linearly with distance from the the river mouth, pointing 
to the likelihood of its biological consumption, which is confirmed by the data on biomass and abundance of the 
phytoplankton (Sorokovikova et al., 2005).  

The results of calculations show that the set of hydrometeorological conditions and peculiarities of the 
chemical composition of water masses involved in mixing, define the local distribution of riverine and mixed 
waters in the Barguzinsky Bay. The most intensive transformation of the chemistry of riverine waters occurs at 
a distance of no more than 1-3 km from the river mouth. Other things being equal, the more water discharge of 
the Barguzin river, the more intrusion of the riverine waters into the bay. Differences in both temperature and 
TDS of riverine and lake waters result in appearance of vertical and spatial inhomogeneities within the mixing 
zone.  

This approach allowed us to estimate the extent of mixing zone and its fluctuations in the areas of major 
tributaries of Lake Baikal (Tomberg, 2008) as well as to reveal the most representative indices, which 
characterize the chemistry of riverine and lake waters: the concentrations of sulfates and the total content of 
ions. When there is insufficient contrast between Cp and Cmix, it is advisable to use another controllable 
parameter or additional characteristics of the water (temperature, turbidity, etc.). Understanding of the 
processes occurring within the zone of riverine and lake waters mixing allows to evaluate the direction of 
possible ecological changes both in the areas near the rivers’ mouths and in adjacent regions of the lake.  
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THE STATUS OF INHERENT OPTICAL PROPERTIES (IOP) OF THE BAIKAL NEUTRINO TELESCOPE 
WATER ENVIRONMENT RESEARCHES 

Tarashchansky B. ., Mirgazov R.R., Ryabov .V., Yagunov .S. 
Applied Physics Institute, Irkutsk State University, 1, K. Marx St., Irkutsk 664003, Russia 

The Baikal neutrino telescope NT200+ purposes to study natural flows of high-energy and super high-energy 
cosmic particles. A functioning body of the telescope is the Baikal deep waters, inherent optical properties 
(IOP) of them are used in model calculations during data procedure. The paper presents a short description of 
methods and equipment we used, main obtained results, tendency of IOP behaviour and some data still not 
explained.  
Absorption coefficient 

The coloured area in Fig. 1 exhibits limits of likely variations in the light absorption coefficient spectrum of 
NT200+ water environment obtained still 1987. For comparison, the spectra of the “pure” water (Tam, Patel) 
and pure marine water (Pelevin, Rostovtseva) are given. An abrupt (almost twice) decrease of the blue-green 
part of the spectrum (Fig. 1, curves 1992y and 2001y) was detected with 4-5-year period. 

An absorption coefficient gradient, measured during the expedition, was not exceeded as a rule 20% 
along the depth, but sometimes it could reach 100%, maximal at up to the 50m depth.  

Dissolved organic matter absorb mainly in the short wavelength part of the spectrum. The main 
contribution to the light absorption in the red spectral part was caused by the “pure” water, but sometimes 

(691) exceeded  p.w.(691) = 0.5 by 10-20% as well as we met cases when light absorption coefficient in the 
Baikal water were lower than 0.5 and out the statistical errors.  
Scattering coefficient 

A diapason of likely changes in the scattering length for the blue-green light in the water medium close to 
NT200+ is 70 to 100 m. The total gradient of its depth dependence can reach 30. At depths of 800 to 1000 m 
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we detected local short-lived decreases of the scattering length equal to 20-30 m. The scattering spectrum is 
approximated by the function -1 and sometimes significant local extremes appear on the spectrum.  

Twice in 1997 and 2002, we observed long-lived decreases of the scattering length. In the first case, 4 to 
6 m, its duration equalled 8 months and in the other case, 15 to 20 m, 4 months. It is peculiar that the 
absorption length was almost constant in its growth phase. This testified to a fact that suspended particles were 
large and  low-absorbed light.  
Scattering phase function 

The phase function reflexes dependence between scattering probability of non-polarised light and angle. 
An average cosine of scattering angles for the water medium close to NT200+ has been found to equal 
0.85±0.05 while an asymmetric coefficient varied in limits of 5 to 10. But the latter can reach several hundreds. 
The scattering phase function is a fast decreasing function which exhibits its fine structure at angle resolution 
enough high and this fine structure depends on the light wave-length. Also it is possible to consider a scattering 
spectrum at a fixed angle.  
Devices and results 

All the main results were obtained using the device ASP-15. Because it needed to be substituted, we 
tested a new device, BAIKAL-4D (deep), intended to measure continuous absorption and scattering spectra. 
Fig. 2 shows fragments of the two scattering spectra prepared one hour one after other at the 80m depth. The 
obtained results exhibit their due fine structures and high resolution. We plan to develop it farther and design its 
more simple modification.  

These devices are not able to function within the photic zone as well as in laboratory conditions. So we 
found in principle different physical and technical solution allowed us to create a universal device for measuring 
all the optical characteristics.  
Conclusion 

During the works on this topic, new methods of long-term monitoring of the water-medium and 
measurement its optical properties were developed and the experimental data were collected. Their analysis 
shows that there are rare periods when the optical properties are significantly changed that relates to the 
biological activity of Lake Baikal.  

Model calculations, using temporal average values of IOP good fit to the experimental telescope data.  
Our intension toward measurements of optical properties in details is dictated from necessity to get more 

information about processes in natural water-bodies that is important in order to effectively use natural 
resources. To day, our measurements become more full, more informative, and methodically more perspective 
to carry out the monitoring.  
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PHYSICAL AND CHEMICAL PROCESSES WITHIN THE MIXING ZONES “RIVER-LAKE” IN BAIKAL  
Tomberg I.V., Sorokovikova L.M., Popovskaya G.I., Chebykin E.P., Bashenkhaeva N.V.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
kaktus@lin.irk.ru 

The concept of the geochemical barrier zone is designed for conditions of interaction within the “river - sea” 
system, where the substances entered with the riverine waters are intensively transformed under the influence 
of physical, chemical, and biological processes (Lisitsyn, 1994). At this, the waters significantly different in their 
chemistry and the content of total dissolved solids (TDS) are mixed. In case of the input of riverine waters into 
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fresh water body, transformation of their composition has its own peculiarities, which are the subject of this 
study.  

The comprehensive studies in the areas of confluence of major Lake Baikal tributaries - the Rivers 
Selenga, Barguzin, and Upper Angara - were conducted in 2003-2007. Lake Baikal is the ultra fresh water 
body, the TDS content in its waters remains fairly constant during a year and does not exceed 96 mg/L. At the 
same time, TDS in fluvial waters of the Rivers Selenga and Barguzin varies 90 to 280 mg/L during a year, 
depending on the water content and conditions of feeding; in the waters of the Upper Angara River TDS varies 
60 to 120 mg/L.  

The input of riverine waters into the lake was accompanied by a decrease in the rate of drain current and 
formation of hydrodynamic barrier (Sherstyankin et al., 2007), which resulted in "avalanche sedimentation" of 
suspended paticles entering with riverine waters (Fig. 1). Within the first kilometer off shore from the mouth of 
the Kharauz River, a channel of the Selenga River delta, the content of suspended particles has decreased 3.5 
times in comparison with the Selenga water. In the Barguzinsky Bay, the system of currents leads to the water 
transfer from the mouth mostly along the northern shore. Therefore, the amount of suspended particles at 1 km 
distance from the mouth of the river reduced 30 times, while at the same distance in the jet of major flow it 
decreased 7 times. 

Reducing of the currents velocity, the release of water masses from suspended particles, as well as 
increasing water transparency contribute to creation of favorable conditions for the plankton development. As a 
result, at a distance 1-2 km from the rivers mouths, a biological barrier was formed, which is characterized by 
the maximum number and biomass of phytoplankton and the lowest concentrations of nutrients compared with 
the river and adjoin areas of the lake (Fig. 2).  

Increased number and biomass of phytoplankton has resulted in qualitative and quantitative changes in 
the composition of organic matter in shallow water. In summer, share of easily hydrolyzed organic matter 
reached 70% within the mixing zone. In winter, the concentrations of nitrogen and phosphorus compounds 
within the mixing zone have increased approximately 20-40%. This may be because of degradation of organic 
matter, as well as due to the nutrients input with the underflow discharge, which occurrs, according to 
(Mizandrontsev et al., 1964), in a zone of sands distribution within the delta.  

In summer, up to 30% of nitrate nitrogen and 50% of inorganic phosphorus were involved into biological 
cycle through the consumption by phytoplankton and thus the lake received the waters, depleted in these 
components. Similar changes in the concentrations of nitrogen and phosphorus were observed in the zone of 
mixing of the Upper Angara and Baikal waters, where up to 65% of nitrogen and up to 55% of the mineral 
phosphorus were involved in summer biological cycle. In the mixing zone of the Barguzin River, the 
concentration of nitrate nitrogen decreased by 30%, inorganic phosphorus by 80%. Variations in the silicon 
concentrations within the near mouth area were determined by dynamic mixing of riverine and lake waters, thus 
indicating the insignificant influence of diatom algae on the dynamics of dissolved silicon in the mixing zone.  

Thus, in the zones of mixing of low-mineralized riverine and lake waters, deposition of suspended 
particles occurrs as a result of the drain current decay. Fluctuations in the concentrations of major ions and 
silicon are determined mainly by dynamic mixing of water masses, whereas the concentrations of nitrogen and 
phosphorus are strongly affected by biological processes.  
 
                      Selenga River                                                                         Barguzin River 

 
Fig. 1. Distribution of suspended particles within the zones of mixing of riverine and lake waters (  

). 
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Fig. 2. The concentrations of nutrients and abundance of the riverine phytoplankton in the zone of mixing of riverine and 
lake waters (  

). 
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UPWELLINGS IN LAKE BAIKAL 
Troitskaya E.S., Shimaraev M.N., Zhdanov A.A., Zhdanova R.N., Salva E.V.,  

Gnatovsky R.Yu., Ivanov V.G., Blinov V.V., Budnev N.M.*  
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

*Applied Physics Institute, Irkutsk State University, 1, K. Marx St., Irkutsk 664003, Russia 
troitca@lin.irk.ru 

It is presented research results of upwelling zones forming in the coastal and pelagic areas of Lake Baikal in 
this paper. Information about temporal and spatial scales of upwelling, the values of temperature decrease in 
upwelling zones and typical velocities of geostrophic currents is obtained. Areas, where upwelling develop 
mostly, are determined and reasons of upwelling zones generation in Lake Baikal are discussed. 

Analysis carried out with water temperature data, getting during expeditions around the all lake Baikal in 
2002-2009; water temperature measurements from three mooring stations located near Baikal deepwater 
neutrino telescope NT-200+ in 2004-2009; long-term (1941-2005) water temperature observations at the pier of 
LIN SB RAS in Listvyanka settlement (Southern Baikal); transect measurements in Listvenichnoye bay carried 
out four times every day of May-December 1957; satellite data during shipping season of 1996-1999 years and 
August 2002. 

This work was supported by the Program of the Fundamental Research of RAS Presidium (Project 20.11), RFBR 
Grant 09-05-00222 and the Federal Target Program "Research and Training Specialists in Innovative Russia, 2009-2013" 
(Contract GK 02.740.11.0018, P1242, P2504). 
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NUMERICAL MODELING IN STUDIES OF MECHANISMS FORMING CIRCULATION, TEMPERATURE 
REGIME, AND ADMIXTURE DISTRIBUTION IN LAKE BAIKAL 

Tsvetova E.A. 
Institute of Computational Mathematics and Mathematical Geophysics SB RAS, 6, Lavrent’ev av.,  

Novosibirsk 630090, Russia 
E.Tsvetova@ommgp.scc.ru 

While modeling natural processes, main problems arise due to considerable difference in their horizontal and 
vertical scales. Thus, one should take into account that these scales for Lake Baikal differ from 70 to 600 times. 
It is meaningful that the lake is narrow and one horizontal scale is less than another by a factor of 10. More 
over, specific feature of the deep freshwater lake is in the fact that variations in the vertical temperature 
distribution of tenth and even hundredth of degree prove to be critical and define the water exchange in large 



 265 

scales. It is seen that special demands to mathematical models as well as to the quality of their numerical 
realization should be required. 

In the presentation numerical models of different complexity developed in ICMMG CB RAS are 
described. They are intended for studies of hydrodynamics and admixture transport in Lake Baikal. 

The models of hydrodynamics of incompressible fluid are realized in two versions: hydrostatic and 
nonhydrostatic approximations. In the hydrostatic one the equation of vertical velocity is replaced by hydrostatic 
balance relation. Whereas the full equation are used in the nonhydrostatic version and there is a possibility of 
including two components of the Coriolis force. All other models’ components are identical. These are the 3D 
non-stationary models with a free surface. Density changes dependent on temperature and pressure are 
considered in the nonlinear equation of state. Heat flux at the surface is calculated via the heat balance 
equation with the use of atmospheric data. Volume heat absorption in water is included. The conditions of 
dynamical interaction between the atmosphere and water are given by wind stress at the surface. The influence 
of input of big rivers and Angara outflow are taken into account. The processes of turbulent exchange are 
parameterized or calculated by known models. 

There are a few models for admixture transport. As dictated by the statement of the problem, the 
processes of hydrodynamics and transport of admixtures are considered separately or jointly. In former case 
the admixture is considered as a tracer which has no influence on hydrodynamics. In latter case the presence 
of admixture changes the hydrodynamic characteristics of the surroundings. This is essential if solid, soluted or 
gas substances are considered. To assess the lake pollution, the transport models are used in Lagrangean and 
Eulerian statements in forward and inverse (adjont) modes. 

In the presentation the results of numerical experiments with different models and different combination 
of parameters are given. In particular, such processes and phenomena as thermal bar, natural and forced 
convection, appearance and destruction of mid-depth temperature maximum, deep-water renewal, etc. are 
discussed. 

The scenarios for calculation of large scale circulation and temperature distribution in Lake Baikal under 
variable time-space atmospheric impact are shown. Monte-Carlo method is used to form the scenarios of 
alternation and duration of typical wind fields. Unlike to a widespread opinion on the existence of “the stationary 
circle currents” in Lake Baikal, our numerical results with the use of all accessible data do not confirm their 
permanent presence. Wind is the main factor that defines the surface currents. It has very intense space-time 
variability. Therefore it is worth to say only about the systems of temporary changing circulation spatially 
bounded by natural shores of the lake. 

Some results of calculations are demonstrated as computer animations. 
The work is supported by Presidium of RAS under Program No 20, Mathematical Department of RAS under Program 

No 3, and RFBR grant 07-05-00673. 
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REGISTRATION OF CURRENTS WITH FREE-FLOATING DRIFTERS  
Zhdanov A.A., Granin N.G., Makarov M.M., Kucher K.M., Aslamov I.A.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
andy@lin.irk.ru 

A buoy (drifter) was designed and tested for measuring velocities of currents and surface and subsurface 
waves. The buoy consists of a microcontroller module, SD flash card for recording information, GPS receiver 
providing information on the buoy location, cell phone transmitting information from the buoy to the Internet, 
accelerometers for obtaining information on turbulence, and a thermistor chain of temperature sensors for 
providing information on subsurface waves (Fig. 1). Moreover, the buoy is equipped with underwater sail for 
measuring currents at different sites of the upper water layer of the lake.  

Algorithm of the microcontroller module is as follows. After switching on the module, the controller starts 
up the GPS receiver and watches the readout of true coordinates and precise time. The controller activates 
GPSR terminal and registers in the Internet. Then every minute it transmits its coordinates and data on 
temperature from the thermistor chain to the server. Data from the accelerometer are collected with the 10 Hz 
frequency and archived into the intrinsic memory of the device. At the same time, UDP-stack operates on the 
controller. It reacts to the data from the Internet and interprets them as commands. This makes it possible to 
operate this autonomous module remotely.  

The first launching of the drifter occurred at 3 p.m. in the middle of the transect Baikalsk-Matiruy on 
September 11 of 2008 (point 1, Fig. 2a). Measurements were stopped at 8 p.m. on September 12 (point 3). The 
drifter was twice at point 2 – at 10 a.m. on September 12 and 2 p.m. on September 9. The buoy performed two 
complete classical inertial loops with the shift towards the south-east for 29 hours of observations. The lake 
was calm during the first launching of the buoy. At 2 p.m. on September 12, the south-western wind slightly 
intensified (up to 1 m/s) causing insignificant turbulence of the lake. Current velocities were calculated from 
changes of the buoy coordinates (the depth of the underwater sail was 3 m). During the first experiment, they 
varied from 5 to 25 cm/s (the average velocity was 9 cm/s). Current directions changed with the inertial period 
of about 15 hours. 

Two series of launching were carried out during the second experiment (Fig. 2b): first – 1 and 2 km off 
Bolshiye Koty, second – 7 and 9 km. During the first series buoys operated for 18 hours. During that time, they 
covered about 15 km along the shore towards Listvyanka. Despite the fact that the wind (5-10 m/s) changed its 
direction several times (first south-western, then north-western, and finally north-eastern), the buoys were 
drifting in accordance with the cyclonic circulation prevailing at that time of the year, i.e. the buoys drifted 
upwind. The current velocities reached 57 cm/s, average velocity of the first buoy (launched 1 km off the shore) 
was 20 cm/s, and of the second buoy (3 km off the shore) – 29 cm/s.  

In the second series, buoys operated for 40 hours. The first buoy covered longer distance (7 km) than the 
second one: 30 and 22 km, respectively. During the first 20 hours, the lake was calm. Then the north-eastern 
wind intensified up to 7-8 m/s. Current velocities reached 65 cm/s, the average velocity of the first buoy (7 km) 
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being 25 cm/s and the second buoy (9 km) – 18 cm/s. Some changes of currents with the inertial period were 
recorded in the drift trajectory of the second buoy.  

Thus, buoy launching in 2008-2009 showed that the currents with inertial periods prevail at low wind in 
the pelagic part of the lake. General cyclonic circulation dominates in the littoral zone of the lake when the 
water moves counterclockwise. The intensification zone of velocity current is located 3-7 km off the shore. 
Inertia of water movement occurs in drifts. In this case, however, inertial loops are open.  

 
Fig. 1. Block scheme of autonomous microcontroller module ( ). 

  
a b 

Fig. 2. Trajectory of buoy drift: a –in the middle of the transect Baikalsk-Marituy on 11-12 September of 2008, b – near 
Bolshiye Koty on August 30-September 2 ( :  – 11-12.09.2008 .  
. . , b – 30.08-2.09.2009 . . ). 
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7. LACUSTRINE, MARINE AND GLACIAL HIGH-RESOLUTION RECORDS OF PALEOCLIMATES. 

, . 

RARE-EART AND RADIOACTIVE ELEMENTS IN BOGGY AND LACUSTRINE DEPOSITS OF HOLOCENE  
Bobrov V.A. 

Sobolev Institute of Geology and Mineralogy SB RAS, 3, ac. Koptug av., Novosibirsk, 630090, Russia 
bobr@uiggm.nsc.ru  

The distribution of natural radioactive (U, Th, K, 210Pb), synthetically-radioactive 137Cs, and rare-earth elements 
(lanthanide, Y, Sc) in buggy-lacustrine deposits (peat, sapropel) has been studied. The targets of investigations 
are the upland Bakchar-1 bog (the Large Vasyugan bog), valley (water) Elovochnoe bog (Ob’–Tom’ interfluve), 
Kirek Lake (on the Ob’ right bank), Beloe Lake (on the Ob’ left bank). The first three targets are in the forest 
zone, and the fourth one is in the forest-steppe zone.  

The time interval for revealing 210Pb in peat and sapropel (determination with applied spectrometric 
instrumentation by gamma-line 46 kev) is assumed to be 100 years. Distributions of 210Pb in peat layers from 
the valley bog and from sapropel allow one to recognize horizons of the XX century and subdivide these 
horizons into the first (prenuclear) half and the second (nuclear) one. The deposits recognized by us do not 
exceed 10-15 cm. 

The distribution of 210Pb in peat from the Bakchar-1 upland bog does not allow recognition of an interface 
between deposits of XIX and XX centuries due to seepage of atmospheric water (rainwater) in the upper 
weakly compacted horizons (“active layer”). In turn, the distribution of 137Cs is controlled by the ash content and 
biochemical processes in surface (green) peat swamp layers, which mobilizes 137Cs as well as 40  needed for 
plants from lower horizons. The abnormal increases in 137Cs in horizons with elevated ash content that is 
observed up to now (delivery of mineral substance by dust storms from Kazakhstan) causes us to relate these 
increases to the time of testing on the Semipalatinsk test ground, i.e., to the time from the late 1959s to early 
1960s.  

Stability of the ratio of uneven to even lanthanides (yttrium and scandium) in Holocene deposits 
evidences not only their inactivity to biochemical processes, but also geochemical characteristics of an 
atmospheric source of the mineral substance.  

On the background of «stability» of rare-earth elements and thorium, uranium displaying the high mobility 
in exogenous processes responds to anaerobic environment in bottom horizons of the peat bench in the 
Bakchar bog. 

The work was financially supported by Russian Foundation for Basic research (grants No 04-05-65168 and 08-05-
00392).  
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Fig. Uranium in ash of peat from bogs: ) Bakhchar-1, ) Elovochnoe.  
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HIGH-RESOLUTION RESPONSES OF THE OKHOTSK SEA ON CLIMATE CHANGES AT  
THE ORBITAL AND MILLENNIAL SCALES 

Goldberg E.L.*,***, Gorbarenko S.A.**, Chebykin E.P.***, Zhuchenko N.A.***, Panov V.S.*,*****, 
Sushenzeva N.N.*, Sryvkina Yu.V.*, Stepanova O.G.***, Bosin A.A.**, Harada N.**** 
*Archaeological Institute SB RAS, 17, Ak. Lavrent’eva av., Novosibirsk 630090, Russia  

**V.I. II'ichev Pacific Oceanological Institute (POI) FAB RAS, 43, Baltiiskaya st., Vladivostok 690041, Russia 
***Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

****Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 2-15 Natsushima-Cho,  
Yokosuka-city, Kanagawa 237-0061, Japan 

*****Novosibirsk’s Pedagogical University, Chem. Department, 28, Vilyuskaya st., Novosibirsk 630126, Russia 
pvs7zeitlos@gmail.com 

The unique geographical position of the Okhotsk Sea (OS) between the Siberian High and Aleutian Low 
atmospheric centers is the reason of highly sensitive environment responses to global climate changes 
because of the variability in East Asian monsoon activity, river runoff, sea level and ice covering. Evidence of 
the abrupt millennium scale (DO) and Heinrich (H) oscillations during the last 80 kyr has been reported in the 
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OS environment (Gorbarenko et al., 2004; Ono et al., 2005; Goldberg et al., 2005; Harada et al., 2006; 
Gorbarenko et al., 2007). The aim of the work is new insight into climate changes at orbital and millennial 
scales via the investigations of the geochemical sedimentary records in central OS during the last 150 kyr.  

We investigated the sediments of the PC-7R core received in 2007 by joint Japan-Russian expedition 
from the central part of OS (51 16.87’ N, 149 12.57’ E; water depth 1256 m; core length 1722 m). The 
resolution of the obtained records is each one cm (~ ca 200 y). ICP-MS was used for the investigations of 
elemental composition of inorganic part of sediments and CNH analyzer for the organic one.  

We obtained the records of biogenic Ba (Ba_bio), Corg and Norg as the proxies of total bioproductivity; 
biogenic CaCO3 (CaCO3_bio) as a proxy of carbonate productivity; biogenic silica productivity (BiSi) and 
chlorine content (product of the chlorophyll-a transformation in the sediment) as a proxy of total photosynthetic 
activity in upper layer of OS. The PC-7R age model have been published recently by Malakhov et al. (2009) 
and Gorbarenko et al (2010) and it was constructed by matching the dated series of relative paleointensity lows 
recognized in geomagnetic intensity records and tephrochronology. The “peak-to-peak” matching of elemental 
records, obtained in our investigation, to marine 18O isotope index (SPECMAP) provide the identical age 
model. Ash layers in the core were clearly revealed via Yb/La or Zr/Nb and several other ratios. 

The OS bioproductivity proxies (fig. 1) shows that almost all H events coeval with prominent coolings, 
which have been observed in N.Atlantic and Greenland on millennial scale took place in the OS, too. On orbital 
scale, BiSi lag behind CaCO3 and CaCO3 in turn lag behind total bioproductivity and photosynthetic activity 
during both glacial-interglacial transitions. The lags are about 3-5 kyr. U/Th ratio (a proxy of R.Amur discharge) 
is simultaneous with BiSi record, practically. Thus, sequence in OS productivity changes is following, 
picoplankton (cyanobacteria) and nanoplankton (coccoliths) photosynthetic activity during deglaciation, 
carbonaceous planktonic foraminifera and then diatoms developing simultaneously with an increasing of 
R.Amur discharge during interglacial. The interpretation is logical as a whole, but there is one difficult problem 
here. The U/Th ratio, BiSi and biogenic CaCO3 have only single peaks during MIS 5.5 (from 115 -133 kyr), 
while total organic productivity (Ba_bio, Hlorin, Corg,  Norg; photosynthetic cyanobacteria) in the OS appeared 
high during all warm interstadials of MIS 5 (MIS 5.1, 5.3 and 5.5; 75-133 kyr). We speculate, system of surface 
water currents and turbulence in upper layer of the OS might be changed during MIS 5. Perhaps, ventilation of 
upper layer of the OS was strong during MIS 5.5 and weakened after MIS 5.5.  

 

 
Fig. 1. Bioproductivity proxies from the core of central part of OS during the past 160 kyr. a- biogenic Ba, ppm; b- Corg, %;  – 
Norg, %; d –chlorophyll-a derivatives, a.u.; e- iodine (log scale, a.u.); f- bicarbonates, %; g- biogenic silica (BiSi), %; h –  U /  Th  
ratio in the sediments (a.u.). The black intermittent lines mark H-events and deep coolings in N. Atlantic and Greenland. Red lines 
mark the glacial-to-interglacial transitions (  160 . a-  
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SIZE VARIATIONS OF BAIKALIAN DIATOM CYCLOTELLA MINUTA,  
AS A RESPONSE TO GLOBAL CLIMATE CHANGES  

Goldberg E.L.*,**, Vorobyeva S.S.** 
*Archaeological Institute SB RAS, 17, Ak. Lavrenteva av., Novosibirsk 630090, Russia 

**Limnological Institute, SB RAS, 3, Ulan-Batorskaya st.3, Irkutsk 664033, Russia 
egoldber49@gmail.com 

The explanation of diatom response at climate and environment changes on Lake Baikal is far not full. The 
response expressed in the increasing of diatom abundance in the sediments during the warm periods and their 
disappearance at glacial ages (Bezrukova et al, 1991), today is challenged by nobody, though recently the 
hypothesis was put forward that diatom cells were dissolved completely in waters of lake at glacial ages 
(Mackay, 2007). The intelligent reasons are considered as changes of temperature and waters stratification 
(Prokopenko et al, 2006), lake waters turbidity owing to the delivery of "glacial milk” in the lake (Bezrukova et 
al, 1991), sharp downturn of river inflow and streams of dissolved nutrients in the lake because of climate 
aridization (Chebykin et al, 2004; Goldberg et al, 2005) and all together taken reasons (Karabanov et al, 2004).  

Water turbidity is not the case to be the reason of diatom disappearance since the most part of diatom 
taxa are Baikalian endemic one and, hence, they are saved in “refugiums” (the Small Sea, delta of R.Selenga 
and other) that is being in river mouths, where water turbidity have to be maximal. Dissolution of cells is not the 
case, too, because it is defined by water reactivity properties in well mixed lake, while the diatom cells are fine 
saved in the sediments of “refugiums". Besides there are numerous others “insoluble in water” proxies of low 
lake productivity during the ice ages, for example, the chlorophyll derivatives, isotope ratios of uranium in the 
sediments and oxygen in diatom cells, R  contents in the deposits etc. Downturn of temperature of waters 
obviously cannot influence diatom productivity since the basic diatom blooms occur at low temperatures (T 
<8C). Downturn of air temperature could influence diatom productivity in the lake indirectly, but through its 
influence on biogeochemical processes on continent (vegetation-weathering). Nevertheless, greater effect of 
such influence it is necessary expect owing to simultaneous climate aridization. In any case both of these 
reasons lead to a sharp falling of inflow of nutrients in the lake and to falling of its productivity. Within the frame 
of this hypothesis the existence of “refugiums" in the river mouths becomes a trivial conclusion. What is the 
expected response of diatom particles at gradual change of concentration of nutrients in a photic layer? Within 
the limits of conceptual model of diatom population survival (Munk et al, 1954) it survives, if average time of a 
cell division (t1) is less than its average residence time in photic zone (t2). Otherwise (t1> t2), the population 
“suddenly dies out” since cells sink faster than they are able to multiply. Time of division (t1) depends on 
diameter of a cell, diatom physiology and concentration of nutrients in waters during the growth. Residence 
time (t2) depends on settling velocity of particle and intensity of turbulent mixing in a photic zone. Reduction of 
nutrients in waters and increase in the size of a cell lead to increase of t1 and reduction of t2, and, hence, to an 
approach the system to a critical condition of a survival. As a consequence, one of adaptive mechanisms of 
diatom population survival at environment deterioration is a reduction of the cell size up to the size which is 
possible for the given taxa. The critical diatom cell size (d) for a survival of a population at the conditions of 
Lake Baikal (a diffusion mode of growth for big cells) is connected with nutrients by the following equation 
(Goldberg and Grachev, 2008; Goldberg 2008) 

d n   ~    Dt  Dm 
Dt, Dm are turbulent and molecular diffusion factors and n  (2-4). It follows from the model that 

stratification of waters and/or downturn of  nutrients should lead to reduction of the size of cells of the 
population if adaptive mechanisms don't forbidden to do so.  

The purpose of the investigation is qualitative check of this idea. We have measured diameters of cells of 
Cyclotella minuta (Cyclotella praeminuta, at MIS 16-18) in the sediments where Cyclotella minuta meets  in  
cores during the period from the present up to 700 kyr BP. Cyclotella minuta cells are observed not only during 
the warm periods, but also at the transitions from glaciations to interglaciations and back transitions. 
Sometimes, Cyclotella minuta with low abundance meets during epoch of weak warming inside of even stages 
MIS6, 8, 12, 14, 16, 18 (Grachev et al, 1997; Khursevich et al, 2000). Sediments of cores from the Academic 
ridge are investigated. They are cores of BDP-96-2, St11-PC and St2-PC. The number of the investigated 
horizons is 101 and for each of which sizes of 150 up to 800 cells Cyclotella minuta were measured (on 
average 429 measurements per one horizon). At such statistics, the errors of definition of average diameter of 
cells were limited by ~ 0.2-0.3 microns and we could fix diameter changes as low as 1-2 microns. The results of 
the measurements are presented in figure. From this figure it is clearly visible that during adverse (globally 
cold) periods the diameter of cells of population Cyclotella minuta really decreased up to 18 ± 0.3 microns and 
it reached 25-30±0.3 microns during globally warm periods. The maximal sizes of cells are observed not only 
during the full interglacials (odd MIS) but also during the periods of the transitions (for example, MIS6/7) when 
total productivity fell. Within the frames of our model it testifies that both nutrients and turbulet mixing in photic 
zone bring the different contribution to preservation of population of Cyclotella minuta during the different 
climatic periods.  

The investigation was supported by projects of SB RAS (the project 106), Russian Academy of Science (the project 
16) and the Russian Fund for Basic Researches (08-05-98071 r_siberia). 
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Fig. The record of cell size of Cyclotella minuta. Upper panel – numbers of the measurements per horizon investigated. 
Down panel – cell diameters (microns) on left axis and global ice volume (Lisieske & Raomo, 2005) on right axis. (  
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HYDROCARBON GEOCHEMICAL BACKGROUND OF RECENT BOTTOM SEDIMENTS IN LAKE BAIKAL  
Gorishnaya A.G., Gorshkov A.G.  

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
gorchkov_ag@mail.ru 

Data on the content and composition of organic pollutants in bottom sediments are more informative for the 
assessment of contamination level than the results of measurements in dissolved and dispersed forms in the 
water due to the fast biotransformation of the latter. Therefore, the studies of hydrocarbon fraction of bottom 
sediments of Lake Baikal in terms of the development of the modern system of monitoring are very topical and 
important. Hydrocarbons were determined in samples of recent bottom sediments obtained with the help of the 
deepwater manned submersible “MIR” from the abyssal zone of the maximal depths in the southern and central 
basins of Lake Baikal. 

The content of hydrocarbons in bottom sediments ranged from 270 to 1300 µg/g with the exception of the 
sample obtained from the site of natural oil seepage “Gorevoy Utes” where the concentration of hydrocarbons 
was 12000 µg/g (IR-spectroscopy). Qualitative composition of hydrocarbons was mainly represented by i-
alkanes (GC-MS). The number of n-alkanes did not exceed 20 µg/g. The concentration of polycyclic aromatic 
hydrocarbons (PAH) varied between 0.38 and 1.7 µg/g, while that of priority PAH – between 0.20 and 0.66 
µg/g. The major components in the PAH fraction were naphthalenes (15-45% of the total PAH) with the 
exception of the sample from the site of oil seepage “Gorevoy Utes” dominated by methylated phenanthrene 
and anthracene. The content of oil products (OP) did not exceed 0.02 µg/g (fluorimetry).  

In order to refer hydrocarbons either to the natural geochemical background or to anthropogenic 
pollutants, the composition of the hydrocarbon fractions was systematized according to the following criteria: 
peaks of isoprenoids, n-alkanes and naphtenoaromatic hump on chromatograms, ratio of methyl substituted 
arenes and unsubstituted PAH, and technogenic PAH index. According to these criteria, the concentration of 
hydrocarbons in Baikal sediments (270-360 µg/g) may be regarded as a natural hydrocarbon background (HB) 
which is comparable with the geochemical background of the World Ocean.  

The content of oil hydrocarbons in bottom sediments at the site of natural oil seepage “Gorevoy Utes” 
was 100 times higher than the HB values and at the sites with anthropogenic load – 4 times. The contamination 
of sediments with OP was 10-5 of HB values, by priority PAH - 2·10-3 of HB values, and by n-alkanes - 6·10-2 of 
HB values.  
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Fig. Hydrocarbon geochemical background of the World Ocean ( ). 
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OIL IN THE ECOSYSTEM OF LAKE BAIKAL 
Gorshkov A.G., Khlystov O.M., Marinayte I.I., Zemskaya T.I., Khodger T.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia 

gorchkov_ag@mail.ru 

Taking into consideration the fact that Lake Baikal is a fresh water body of universal importance the presence 
of natural oil seeps in the lake makes research of its ecosystem an issue of a particular interest. A discovery of 
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a new deepwater oil seep on the beam of Cape Gorevoi Utes (Central Baikal) gave rise to studies aimed at 
establishing mechanisms that keep Baikal water pure under the condition of seepage of oil (up to 4 tones a 
year), containing a full range of oil hydrocarbons: n-alkanes, i-alkanes, alkylcyclohexanes, isoprenoids 
(phytane, pristane), polycyclic aromatic hydrocarbons (PAHs) and hopanes.  

When the lake bottom was surveyed by deepwater manned submersibles “MIR” ozocerite-like bitumen 
structures were found at the oil seepage site. In order to study the ways of ingress of oil into the lake water we 
collected and analyzed samples of oil and oil slicks from water surface, bottom bitumen structures and bottom 
sediment beams. According to chromatography mass spectrometry data, the collected samples have a 
common source of origin and are characterized by a peculiar quantity and composition of the normal paraffins 
fraction. n-Alkanes amounted to 90% in the oil collected from water surface before forming a slick, while their 
content in bitumen structures ranged from 1.8 to 77%. It was found that decrease of the n-alkanes fraction is 
accompanied by changes in its qualitative composition: narrowing of homologous series and shift of its 
maximum to high paraffins. 

The results of the research of the alkanes fraction in oil and bitumen structures samples gave grounds to 
apprehend a mechanism of oil seep that provides for Baikal water purity preservation in oil seepage sites. The 
mechanism includes oil dewaxing as the result of which heavy oil fractions form ozocerite-like bitumen 
structures at the bottom of the lake while a light oil fraction enriched by normal paraffins migrates in water 
column to the water surface where it undergoes an intensive biodegradation. 

In 2006-2009 we carried out a monitoring of oil hydrocarbons (including n-alkanes and PAHs) by means 
of fluorimetry, infrared spectrometry and chromatography mass spectrometry in order to estimate the pollution 
of the lake by oil hydrocarbons near Gorevoi Utes as well at 84 site points in three basins of the lake. It is found 
that the distribution of hydrocarbons in water column and on surface is highly heterogeneous.  At oil seepage 
sites the maximum content of oil hydrocarbons comes up to 1.3·104 g/L, including n-alkanes up to 500 g/L 
and PAHs – 20 g/L. Beyond oil seepage sites the content of oil hydrocarbons in surface water sharply 
decreases and does not exceed the maximum permissible concentration (0.1-0.8 fish industry maximum 
permissible concentration) that shows a limited impact of oil seepages on the Baikal water pollution. At the 
background site points of reference cross-section the content of oil hydrocarbons does not exceed 10 g/L in 
water column and 5-7 g/L in near-bottom water, including n-alkanes – 0.15 g/L, PAHs (priority compounds in 
total) – 0.012 g/L and benzo[a]pyrene  0.0007 (ten times less than the drinking water maximum permissible 
concentration). The total content of six PAHs to be checked in fresh water according to the EEC standards is 
50 times less than the maximum permissible concentration for the EEC countries (0.2 g/L). 
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PHOSPHORUS IN Fe / Mn CRUSTS BURIED IN BAIKAL BOTTOM SEDIMENTS  
Granina L.Z., Isaeva A.B.*, Zolotyh E.O.* 

Limnological Institute of SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 
*Institute of Oceanology by P.P. Shirshov of RAS,36, Nakhimovsky pr., Moscow117997, Russia  

granina@gmail.com  

Happening during thousands of years, diagenetic separation of Fe- and Mn-layers within the oxidized bottom 
sediments of Lake Baikal leads to formation of almost pure autochthonous hydroxides of Fe and MN, which 
provides an unique opportunity to investigate an affinity of diverse elements to the oxides of Fe or Mn using the 
natural object. Strong specific interaction between Fe hydroxides and phosphates is well known. The 
concentration of P in Baikal sediments always correlates with the Fe content. There is a chemisorption 
mechanism of phosphorus linking by Baikal sediments (Likhoshway, Grachev, 2006). The coefficient of 
phosphates sorption by iron hydroxide, evaluated in the model experiment performed under conditions similar 
to those in Baikal water column (temperature 4oC, the concentration about 0.01 mg P / L), is 2.59 × 10-3 
(Granina, Mizandrontsev, 2006). However, not only sorption processes determine the relationship between Fe 
and P in Baikal sediments.  

It is known that the P/Fe > 0.25 ratio in the bottom sediments can not be achieved only by adsorption 
(Gunnars et al., 2002). The average P/Fe = 0.17 ratio in Baikal sediments does not exceed a value typical of 
the lake sediments. However, in Lake Baikal, in the sedimentary layers or crusts enriched in iron, this ratio is 
much higher. For example, in thick Fe-layer from the surface sediments of the underwater Academichesky 
Ridge, it reaches 0.4. Age of this layer exceeds 8000 years, and a high P/Fe ratio indicates that in this case a 
significant phosphorus consumption by the sediment is caused by long process of a new mineral phase 
formation, i.e. the re-deposition of iron hydroxide. Calculated from the average P concentration gradient in the 
porewaters, diffusion flux of P within the sediment is 3.5 mol/m2 per day (Muller et al., 2002). Based on this 
value and the P concentration in the crust 4.3 mol/m3, it was calculated that it takes more than 3300 years for 
this crust to be accumulated. Thus, a significant diagenetic phosphorus enrichment of thick Fe-layers in the 
sediments of Northern Lake Baikal and Academichesky Ridge is a result of long processes.  

The surface Fe-layers (crusts) can be diagenetically enriched with phosphorus up to 14 times relative to 
the ambient sediments. However, in the area of Academichesky Ridge, at the depths of 1-3 meters below the 
bottom surface, phosphoprous-containing Fe/Mn formations were found with the phosphorus concentration up 
to 8-10% (Zhmodik et al 2001; Fagel et al. 2005). These concentrations significantly exceed not only the 
background concentrations (0.1-0.2%) in the ambient sediments, but also the maximum concentration (2.5%) 
recorded (Baturin, Granina, 2009) in Fe/Mn Baikal nodules. It is suggested (Granina et al., 2010), that such a 
high enrichment is not due to diagenetic accumulation of phosphorus, but because of the specific genesis of 
these buried formations. It is possible that these crusts are directly associated with Fe, Mn, and P ores existing 
on the nearby shores of the lake and their burial in the sedimentary thickness may have been caused by 
tectonic movements that had begun approximately 120-150 ka BP what is consistent with the age of buried 
relics. In this case, areal extent of these formations in the region of Academichesky Ridge is possible.  

To test this hypothesis, the content of phosphorus was eximined in fifteen samples of Fe/Mn crusts, 
buried in the sediments of this area at the depths from 0.6 to 6 m below the bottom surface. The results 
obtained show that the crusts contain up to 4.2% phosphorus, 0.84% on average. The maximum concentration 
was recorded in a thick Fe/Mn crust, buried in the core of station 6 at a depth of 193.5 cm below the bottom 
surface. In this core, there are four buried crusts at depths from 171 to 197 cm, in which the average 
phosphorus content is 2.4%. Although the maximum enrichment of the studied crusts in phosphorus (more than 
40 times) is much higher compared to that typical of the surface diagenetic Fe-layers and crusts in Lake Baikal, 
however it was recorded only locally. Thus, the results obtained can not confirm the hypothesis about the 
relation of these formations to the continental ores located on the nearby lake shores.  
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THE DYNAMICS OF HOLOCENE CLIMATE IN SIBERIA AS A FUNCTION OF MODERN GEOCHEMICAL 
RESPONSE OF LACUSTRINE SEDIMENTATION 

Kalugin I. ., Daryin .V., Babich V.V., Ovchinnikov D.V.*, Myglan V.S.*, Vologina Ye.G.**, Ptitsyn .B.***, 
Reshetova S. .***, Rudaya N. .**** 

Sobolev Institute of Geology and Mineralogy SB RAS, 3, ac. Koptug av., Novosibirs, 630090, Russia 
*Institute of forest SB RAS, 28, Akademgorodok, Krasnoyarsk 660036, Russia  

**Institute of the Earth’s Crust SB RAS, 128, Lermontov st., Irkutsk 664033, Russia 
***Institute for natural resources, ecology and kryology SB RAS, 26, Butina St., Chita 672000, Russia 

****Archaeological Institute SB RAS, 17, Ak. Lavrenteva av., Novosibirsk 630090, Russia 
ikalugin@uiggm.nsc.ru 

Bottom sediments from modern lakes contain permanent records of environmental variations. Their 
investigations within Holocene were carried out before with a low temporal resolution due to laborious testing 
and analysis, therefore climatic models had a semiquantitative character. At present, in the field of 
environmental dynamics studies, an emphasis to investigation of high-resolution temporal series has 
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established – annual and seasonal ones (IPCC 2007). Nevertheless, quantitative reconstructions of annual 
climate variations by lacustrine sediments for last millennia are still rare. New approaches to the investigation of 
sedimentary records were established during last years with appearing of automatized techniques for high-
resolution analysis of sediment cores in situ. X-ray fluorescent analysis at synchrotron radiation (XRFA SR) in 
the Institute for Nuclear Physics of RAS SB was manifested as the most effective one. Use of synchrotron 
radiation (SR) for launching of X-ray fluorescence improves drastically the power of the XRFA method, exactly: 
1) small angular divergence and a permanent spectrum of SR allow to perform a monochromatic launching 
convertible in a large range; 
2) natural polarization of SR gives an opportunity to decrease considerably the background from dispersion on 
the sample of launching radiation, and  
3) a high intensity of SR beams allows to work with so-called “fine” samples, it improves the ratio 
signal/background and allows to perform a local analysis. 

We investigated a sub-millimeter laminated structures of bottom sediments from Siberian and Mongolian 
lakes, as well as wood-tree-ring series at adjacent territories. On this basis, basic environmental parameters 
such as temperature, precipitation rate and level regime of the lakes are reconstructed in annual scale for areas 
of Central Asia for last millenia. The comparison of climate reconstructions by lacustrine sediments 
geochemistry in annual scale with dendrochronologies and ice cores in Altay Mountains revealed similar trends 
and correlation of temporal series. 

By matter source, one differ elements related to the organic fraction of the sediments (Br, I, U) and ones 
usually responding to the temperature, as well as elements of mineral-debris bulk (Rb, Sr, Ti, Y, Zr, etc.) 
reflecting annual humidity amount and a solid drainage. In the equations of multiple regression expressing the 
dependence of climate of sediments geochemistry, an uneven contribution of organic and terrigenous matter is 
noticed. If in temperature equations the factors at organophillic elements are higher than at clastophillic ones, 
so the situation is quite opposite for the ewuations of precipitation rate or lake level. 

The presence of basic series of several geochemical parameters expands the possibilities for quantitative 
reconstructions of a target feature reaslized in the following fields: extrapolation, detalization (interpolation) and 
combination. Temporal series of lacustrine sediments geochemistry a;;pwed to calculate the equations of 
regression for wood-tree-rings series and thus to  extrapolate these relatively short chronologies. In particular, 
by a reconstructed temporal series of a radial wood growth reflecting the alternation of cool-humid and warm-
dry climate conditions, a common trend of aridization in Trans-Baikal for last 1,900 years is revealed (Lake 
Arakhley). The outlined secular and shorter aridization periods do not contradict to the evolution of plants 
communities in the region according to palynological data. Similarly, low-resolution palynological series 
transformed into biomes were detailed up to annual chronologies after training in transfer function by elements 
content in the sites of pollen sampling from the same core (Lake Teletskoye, Altay). As it found out, biomes of 
taiga and steppe have a reversal dependence, and together they manifest an aridization trend for the last 
millennium increased in the th century. 

A combined reconstruction of summer temperature was done for Mountain part of Altay using in equation 
calculation a multiple regression of an independent (biological) parameter together with elements content. It is 
more universal than separate reconstructions by sediments geochemistry or by tree-rings, although it is limited 
by the length of wood-tree-ring series (ca. 1,200 years). Indeed, a climatic response in wood-tree-rings series 
and lacustrine sediments depends both on the temperature and on precipitation rate, at least for mountain parts 
of Siberia. 
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HIGH-RESOLUTION RECONSTRUCTION OF SEA-ICE AND HYDROLOGICAL CONDITIONS IN THE 
SOUTH-EASTERN LAPTEV SEA DURING THE HOLOCENE DEDUCED FROM  

MICROALGAE ASSEMBLAGES  
Klyuvitkina T.S., Polyakova Ye.I., Bauch H., Kassens H. 

Lomonosov Moscow State University, Geographical Faculty, Leninskie Gory, Moscow 119899, Russia 
t.klyuvitkina@mail.ru  

The Laptev Sea constitutes the central part of the wide Siberian shelf and is regarded as a key area for the 
freshwater and sea-ice balances of the Arctic Ocean. More than a quarter of the total continental freshwater 
runoff to the Arctic Ocean is discharged into the Laptev Sea, mainly via the Lena River (Gordeev V.V. In: 
E.L.Lewis et al. (eds.) The freshwater budget of the Arctic Ocean, 2000, pp. 297-322). Furthermore, the Laptev 
Sea polynya is a major source area for sea ice, which is transported to the Siberian branch of the Transpolar 
Drift (e.g., Zakharov, 1996, 213 pp.). Therefore, knowledge of the Holocene variability of the Laptev Sea 
hydrology is essential for understanding Arctic Ocean water circulation in the past. 

Our paleoenvironmental reconstructions based on a detailed study on diatom and aquatic palynomorph 
assemblages and a detailed radiocarbon (AMS 14 C) chronology of sediment cores obtained from the south-
eastern Laptev Sea adjacent to the Lena River Delta. Established linkages between hydrographical parameters 
(e.g., summer surface-water salinity, sea-ice conditions, Polyakova, Ye.I. In: Stein R. et al., (eds.) Siberian 
River Run-off in the Kara Sea: Characterization, Quantification, Variability, and Environmental Significance, 
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Proceedings in Marine Sciences, 2003, pp. 375-399; Klyuvitkina T.S., Bauch H.A. Oceanology, 2006, pp. 911-
921) and the composition of surface-sediment diatom and aquatic palynomorph assemblages were used to 
reconstruct environmental conditions under postglacial sea-level rise and climatic changes. Our records give 
evidences for inundation of the outer Laptev Sea shelf (> 51 m water depth) approximately 11.3 cal. ka. River-
proximal environment characterized by avalanche-like precipitation of river-loaded matter (“marginal filter”) 
under water salinity <9. The time interval 10.7-9.2 cal. ka was marked by enhanced influence of Atlantic Water 
on the Laptev Sea hydrology. Because a continuously rising sea level resulted in the southward retreating 
coastline, surface-water salinities on the outer shelf approached modern values of about 15-16 around 8.6 cal. 
ka. Approximately 8.9-8.5 cal. ka, when the sea-level reached the position of the present-day isobaths of about 
32-30 m, the inner-shelf was flooded. On the inner Laptev Sea shelf, modern-like environmental conditions 
were reached about 1 to 1.5 ky later, around 7.4 cal. ka. During the last 6 cal.ka in the area adjacent to the 
Lena Delta variations in surface water salinities, reconstructed using freshwater diatoms as a proxy (Polyakova, 
Ye.I. In: Stein R. et al., (eds.) Siberian River Run-off in the Kara Sea: Characterization, Quantification, 
Variability, and Environmental Significance, Proceedings in Marine Sciences, 2003, pp. 375-399) indicate the 
changes in the volume of the Lena River runoff through the major riverine channels Trofimovskaya, 
Bykovskaya and Tumatskaya. It was shown, that the Lena River outflow increased in north-eastward direction 
via Trofimovskaya and Bykovskaya channels 4.2-2.7 cal. ka. A general increasing trend in riverine discharge is 
observed between 2.7 and 1.2 cal. ka, and a steep decrease in outflow recorded for the last 1.2 cal. ka. 

BOTTOM SEDIMENTS OF BAIKAL AS SIGNS OF THE EARTH CLIMATE TRANSITION  
TO A GLACIAL AGE 

Luzhetskiy V.G. 
Institute of Computational Mathematics and Mathematical Geophysics of the SB RAS,  

6, Acad.Lavrentiev Av., Novosibirsk 630090, Russia 
lug@omzg.sscc.ru 

Nowadays so called era of warming in connection with the onset of a “greenhouse  shield” is strongly 
propagandized. The opinions of scientists concerning this question are diametrically opposite, either citing 
evidence pro or contra, and, to all appearance, there could not be the rapproachement of standpoints. 
Moreover, the dispute is joined by politicians asserting the interests of their states. 

The report is devoted to considering the question concerning the fact why bottom sediments allow one to 
predict the occurrence of a glacial age on the Earth in the near future. For this purpose in the beginning we 
analyzed data on the ice drilling core of the Antarctic "Vostok" borehole. Basing on the climatic curve one could 
draw the following conclusions: (1) within the range of the last 300 thousand years the cycles of four GIS 
(glacial-interglacial stages) consistently increased (77, 82, 102 and 113 ka); (2) there are zones of relative 
warming within glacial stages; (3) the lifetime values for the four interglacial stages (from GIS 7 up to GIS 1) at 
the average annual ambient air temperature amounting to 0 o  were estimated to be about 5; 2,5; 7 and 11 ka, 
respectively.  

Taking into account the circumstance that we live in the era of Holocene (GIS-1), whose lifetime is to a 
considerable higher than the lifetime values of other interglacial stages, one could draw a conclusion that a 
glacial stage is approaching. May be, we are already at a descending brunch of the climatic curve. The same 
conclusion is indirectly confirmed by the Baikal sediments characterizing the processes of climatic change on 
the Earth. It is necessary for Mankind should prepare for survival under the conditions of global growing cold 
rather than of global warming. 

In order to demonstrate a glacial stage coming we used geophysical data obtained from high-resolution 
seismoacoustic profiling at the Baikal Lake near to the point of BDP-99 borehole drilling. The lithological section 
of the borehole drilling core demonstrates a good coincidence with the time section, and there are four margins 
of bottom sediments distinctly observed belonging to the interglacial stages of GIS 7 - GIS 1. Within the glacial 
stages, there are sedimentary layers distinguished corresponding to the zones of temporal warming those are 
also presented on the Antarctic climatic curve. By the example of observable sedimentary margins at the GIS 1 
stage one can see that the thickness of the Holocene layer is to a considerable extent higher than the thickness 
of the three underlying interglacial stages. This fact is caused by a considerable water-saturation of sediments, 
as well as by the incompleteness of the processes of gravitational condensation and chemical conversion of 
biological remains. In 100 and more thousand years the GIS-1 layer would become quite thin.  

The thickness of the Holocene layer, unfortunately, can only qualitatively characterize the irreversibility of 
the Earth climate transition to the glacial stage. However nobody, to all appearance, can predict exactly how 
many tens or hundreds years will pass till real cold snap coming. 

For obtaining a greater comparability of the climatic data with geophysical ones it should be better to drill 
one more research borehole at Baikal, where using modern engineering tools, models and processing software 
one could obtain a long-time, continuous, high-quality, reliable Baikal climatic curve in order to use it further for 
dating any sediments in Siberia. And it should be even better to drill a deep borehole at the Teletskoe Lake that 
is such ancient as Baikal. 
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ON THE BAIKAL BDP-99 BOREHOLE DRILLING CORE AGE  
Luzhetskiy V.G. 

Institute of Computational Mathematics and Mathematical Geophysics SB RAS,  
6, Acad.Lavrentiev Av., Novosibirsk 630090, Russia 

lug@omzg.sscc.ru 

The data on the drilling core of the BDP-99 borehole have been published in the summary report (Collective of 
participants of the project "Baikal-drilling”, Geology and Geophysics, 2004, pp. 163-193) where the age of the 
drilled 350-meter sedimentary stratum was estimated to be about 1.2 to1.3 million years. In order to determine 
the age the authors used a diatomaceous biostratigraphy, a paleomagnetic method as well as the geophysical 
method based on the correlation with the seismic sections obtained during joint Russian-American expeditions 
onboard the R/V "Vereshchagin" within 1991 and 1992. 

However, the studies on the seismoacoustic profiling those we carried out in 2005 and 2007 with the use 
of a high resolution geoprofiler have made us to conclude that the age of the core in its top piece is almost 2 
times overestimated. In our studies we applied a “coreless” method that we developed for determining the rates 
of sediment accumulation and the age of deposits. The method is based on the use of glacial-interglacial 
stages (GIS) dating as well as of high resolution time sections; it is high efficient, both with respect to expenses, 
and regarding the speed of obtaining final results. 

The sediments in lakes consist of successively alternating layers belonging to interglacial and glacial 
stages, and the difference of the GIS from the widely used marine isotope stages (MIS) consists in the fact that 
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they exhibit different time dating. So, the time scale for the MIS is approved by the Interagency Stratigraphic 
Committee of Russia, whereas the change of GIS cycles occurs during the period of time about 100 thousand 
years and this fact is assumed to be caused by planetary mechanisms of the Universe. For dating the GIS 
cycles we use the Antarctic temperature curve for the "Vostok" borehole (Petit, J.R. et al., Nature, 1999, pp. 
429-436). In data processing we used time sections those we have obtained near the BDP-99 borehole being 
in a good agreement with the core lithological section. 

The authors of the summary report determined the age according to isotopic oxygen curve of Pacific 
borehole DP-677 and considered the presence of diatomaceous seaweed in the drilling core to be 
corresponding to the interglacial stage, whereas the absence was considered to indicate the glacial stage. They 
have wrongly attributed temporary warming occurred within three glacial stages (GIS 2, 4, 6) to interglacial 
stages. According to our data a part of the drilling core 86 m length corresponds to GIS 7, whereas according to 
their data it corresponds to MIS 15 and taking into account  the dating of the "Vostok" borehole the ages 
obtained are amounting to 320 and 620 thousand years, respectively. 

Likewise, the age of a 100-meter long drilling core for the BDP-93 borehole was overestimated; 
according to our data it is equal to less than 400 thousand years, whereas today it is considered to be at about 
660 thousand years. Unfortunately, the potentialities of a geoprofiler do not allow us to look into deposits of 
350-meter depth, therefore for today the age of 1.2-1.3 million years calculated by the authors of the summary 
report from the average sediment accumulation rate remains a riddle for us.  
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SOURCES OF BIOGENIC SILICA IN BAIKAL REGION 
Mats V.D. 

Israel, matsvic@netvision.net.il 

Silica under conditions of recent climate is practically insoluble in rocks. Therefore, it cannot be a source of 
silicic acid which is necessary for the development of a number of aquatic organisms. The major amount of 
silica available for these organisms is brought into Lake Baikal by tree waste passing through the cycle of 
biochemical reactions. Thus, bioproductivity of landscapes is the major regulator of bioproductivity of 
hydrobionts consuming silicon. Bioproductivity reduces ten times due to substitution of forest landscapes by 
steppe and tundra landscapes, and by landscapes of cold deserts (Perelman, 1963). This happens during 
alterations of interglacials and glacials. This is the main factor of disappearance of diatoms in Lake Baikal in 
glacial periods.  
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POSSIBLE PATHS OF AULOCOSEIRA BAICALENSIS MIGRATION  
IN EARLY AND LATE NEOPLEISTOCENE  

Mats V.D., Chernyaeva G.P.*, Efimova I.M.* 
Israel 

*Institute of the Earth’s Crust SB RAS, 128, Lermontov St., Irkutsk 664033, Russia  
matsvic@netvision.net.il 

Cores of deepwater drilling were analyzed in detail. Aulocosira baicalensis was detected in the Early 
Pleistocene (714-663 ka) and Late Pleistocene recent (since122 ka) sediments of Lake Baikal (Khursevich et 
al., 2001). The early episode was insignificant. True flourishing of A. baicalensis was observed from 120 ka to 
the present. Its presence was revealed in the Miocene-Pliocene deposits of the Vitim Plateau, Tunka 
depression and in a number of recent lakes of the Vitim basin (Chernyaeva et al., Palynology: Stratigraphy and 
Geoecology. Proceedings, 2008. pp. 214-217). Therefore, its emergence in Lake Baikal was caused rather by 
migrational processes than by evolutionary ones. A necessity in discussion on possible zoogeographic 
interrelations arises.  

Possible paths of A. baicalensis penetration into Paleo-Baikal in the Early Pleistocene could be either 
direct connection of Tunka with Lake Baikal or the Plaeo-Irkut River that ran into Lake Baikal at one of the 
stages of the Early Quaternary (Kononov, Mats Izv. Vuzov. Series Geology and Exploration, 1986, pp. 91-98). 
In the Late Pleistocene, when the water level rose in Lake Baikal, temporary connections emerged with the 
Vitim basin. The evidences of this are frustules of A. baicalensis in the deposits of the 105-m Baikal terrace 
(Yefimova, Mats, Berliner Paleobiologiche Abhanlunden. 2003, pp. 77-87) and a Verkholensk form of grayling 
in the upper reaches of Baikal tributaries in the Upper Angara and Barguzin depressions (Knizhin et al. 
Problems of Ichthyology, 2006, pp. 38-47). These connections are more likely to have been the pathways of the 
recurrent penetration of A. baicalensis into Lake Baikal where this alga found optimal conditions for its 
existence.  
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GEOINFORMATION MODELLING AND MORPHOMETRIC ANALYSIS OF THE RELIEF  
OF NORTH-EASTERN PRE-BAIKAL 

Nevzorova I.V. 
Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  

While resolving geomorphological, mapping and graphics-analytical tasks, a detailed presentation of structure-
morphological peculiarities of the relief is of a great importance. Studying of these properties in GIS-
supplements can be realized by digital modelling, including ones for obtaining morphometric proxies (numerical 
characteristics: linear, areal, volumetric, angular ones). Cartometric and morphometric characteristics allow to 
study the correlation of valleys morphometry (models of tilt angles, slopes exposition, surface curvature, vertical 
and horizontal roughness) with drainage territory in the basins of selected rivers. 

The aim of this study is geoinformation modelling of mountain-valley relief of Eastern Pre-Baikal and 
creation of GIS-models of glacial erosion of different scale (Late Pleistocene glaciation, Sartan stage 24-12 ky) 
from the viewpoint of formation of riverine network of Lake baikal catchment basin. It is required to resolve the 
following tasks: ) to study glacial-fluvial erosion systems; b) to reveal the regularities of morphology and 
dynamics, of characteristic peculiarities of glacial and fluvial rivers valleys; c) to study the interrelation of valleys 
morphometry with drainage territory in trough and riverine basins. This work is focused on integrated results of 
erosion processes rather than on specific mechanisms of valleys formation; further it will allow to pass to the 
quantitative assessment of glacial and fluvial erosion rates, to the calculation of the volumes of abrasive matter 
which participated in the formation of Lake Baikal basin and to other aspects of paleolimnological studies. 

Digital modelling of the basins of Frolikha, Tompuda RR. (Barguzin Range, North-Eastern Pre-Baikal); 
Turka R. (Buryatia central part); Pereyomnaya and Khara-Murin RR. (Khamar-Daban Range, South-Eastern 
Pre-Baikal) is used by us as a methodological approach for resolution of local morphometric tasks, as 
horizontal and vertical characteristics of valleys form, their longitudinal and transvers profiles are necessary. It 
will allow to obtain variables for log-transformed equations of power dependence as an empirical criterion for 
parameters of 2 types of valleys forms. THe use of form parameters make possible to compilate valleys 
morphological characteristics in order to approach the understanding of the history of erosion process and to 
follow the ways in which climate changes, erosion processes and regional lithology impact the character of the 
territory studied. 

The electronic model of the Frolikha R. basin (which we selected to test the methodological algorithm) is 
based on a digital model relief obtained by semiautomatic vectoring of a topographic map with the scale 1:50 
000.    Vertical Mapper/ Map Info 8,5; 10 ;  

 3-D,  « »,  « », « » 
, « », « », « ». THe output result was 

used while creating spatially-based (geocoordinated) tables with , , z-coordinates of points of river bed 
profiles and fluvial deposits on the polygon (points table in MapInfo). The slopes gradients distributed into the 
basins studied were calculated using the module Vertical Mapper/ Map Info 8.5. 

The area of valley transversal section is made in Easy Trace by digitalization "range-to-range", the valley 
portal cuts across perpendicularly the long axial valleys line. We had to pay attention to selection of application 
points of transversal section profiles avoiding sites of river beds confluence to minimize the effect of ranges 
heights decrease typical while uniting (junction) the valleys. Final points of the profile plane are attached to the 
watersheds lines in basins polygon covers. Such a method favours an exactly expressed selection of final 
points and transversal and longitudinal profiles, since natural morpho-sculpture landscape points are used 
(thalwegs, saddles, watershed lines, kerbs), as it is presented in CMR. Range lines were selected as upper 
borders of transversal profiles as, despite the process equivalence, the zone of erosion impact direction is 
however limited by glacier bed of by river bed bottom. The lines of valleys profiles were also taken into account 
in order to calculate further the slopes local gradients. Slopes gradients values for profiles sites were calculated 
from the angle of a horizontal cut line connected with points on the basic surface of the valley wall. 
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Fig. 1. A 3D-model of trough valleys with watersheds of the Frolikha R. basin (3D  
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PLEISTOCENE GLACIATION AND CHANGES IN LAKE BAIKAL LEVELS 
Osipov E.Y. 

Limnological Institute SB RAS, 3, Ulan-Batorskaya St., Irkutsk 664033, Russia  
eduard@lin.irk.ru 

Mountain glaciers as a main source of meltwaters caused essential hydrological and level changes in Lake 
Baikal during Pleistocene cold stages. Ice extent and regional snowlines during marine isotope stage 2 (Last 
Glacial Maximum) was reconstructed from geological and geomorphological evidence with using GIS analysis. 
The local glacial maximum was dated as ~ 18 kyr BP by available 14C dates, cosmogenic 10Be exposure ages 
from shoreline moraines boulders, correlation between lakeshore end moraines end raised shorelines, and the 
IRD proxies from lake sediments. Ice covered approximately 13,000 km2 of local Baikal watershed with ice 
volume of 2,000 km3 (or 1,800 km3 in water equivalent). Regionally averaged LGM snowline was lower than in 
modern conditions by 1340 meters (within altitude range of 1290±240 meters). A model of regional climate 
inferred from paleoglaciological reconstruction implies the summer temperature decrease by ~ 6-12°C with 
decreasing of annual precipitation by 25-50 per cent and increasing of solid fraction in precipitation up to 85 per 
cent. Reconstructed meltwater supply to Lake Baikal during full glacial conditions (18 ky BP) varied from 6.4 to 
9.0 km3 yr-1 (7-9 times less than present-day river input) was a strong regulator of lake water balance at that 
time (up to 60% of total water input to the paleo-lake). Preliminary water balance model based on sediment 
climatic proxies and ice reconstruction suggest of overflowing conditions with level similar to the present during 
last local ice maximum (18 ky BP), decreased (down to 40 meters below modern shoreline) level conditions 
caused by abruptly increased “effective evaporation” in the lake watershed at the start of MIS 2 (about 24-18 ky 
BP), marked by numerous geophysical and geomorphological off-shore data (i.e. submerged shorelines, 
underwater deltas) and increased lake level during late glacial conditions (marked by expressed low baikalian 
terraces) as a result of deglaciation. A model simulation implies that Lake Baikal was shortly (a few thousands 
years) closed basin, with increased water mineralization prior to full glacial condition stage. The results 
obtained suggest that glacier influence should be taken into consideration in further climate and hydrology 
reconstructions in Lake Baikal region. 
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RESEARCH OF CLIMATIC AND ECOLOGICAL CHANGES IN ALTAI REGION  
FROM HIGH-ELEVATION GLACIERS  

Papina T.S., Eichler A.*, Schwikowski M.*, Malygina N.S. 
Institute for Water and Environmental Problems SB RAS,1, Molodezhnaya St., Barnaul 656038, Russia 

*Paul Scherrer Institut, 5232 Villigen PSI, Switzerland 
papina@iwep.asu.ru; natmgn@gmail.com; margit.schwikowski@psi.ch; anja.eichler@psi.ch 

Ice cores from mid- and low-latitude, high-elevation glaciers are important archives as for global as for regional 
paleoclimatic and paleo-atmospheric information. The Altai mountain range has a NW to SE extension of about 
2100 km and is located on the boundary between Russia, Kazakhstan, China, and Mongolia. It forms a climate 
divide between vast Siberian forests in the north and arid regions of Central Asia in the south. This fact makes 
ice cores from high-elevation Altai glaciers particularly attractive for climate change research. Investigation of 
climate and ecological changes in Altai region during the last 750 years on the data of ice core from Belukha 
glacier is the aim of our work.  

We obtained the 18O data from analysis of a 139 m long ice core drilled at the Belukha glacier in 2001 
(4062 m a.s.l., 49048'26.3''N, 86034'42.8''E) for reconstruction of paleotemperatures. The upper 138 m of the 
ice core cover the period 1250 – 2001, which was established by annual layer counting, 210Pb dating, 
identification of volcanic horizons, and the use of a kinematic glacier flow model. 

Reconstructive temperatures from Belukha ice core and the group sunspot number (SN) together with 
the solar activity proxy inferred from 10Be and 14C (solar modulation function) are shown in Figure 1. For a 
comparison with our data we used the solar activity reconstruction inferred from the 10Be record, which shows a 
higher correlation with the SN (r2 = 0.90) compared to the 14C based reconstruction (r2= 0.68) in the period 
1610 – 2000. Our temperature record is significantly correlated (r2= 0.66) with the 10Be based solar 
reconstruction (Fig. 1), suggesting that the sun was an important if not the main driving force for the 
temperature variation during the last 750 years. Our reconstructed temperatures are most significantly 
correlated with the 10Be (r2= 0.68) and 14C (r2= 0.58) based solar activity reconstructions in the period 1250 – 
1850. Later 1850-2000 (industrial period) these correlations became lower:  r2 = 0.56 for 10  and r2 = 0.21 for 
14 . This indicates that solar activity changes are a main driver for the temperature variation in the Altai region 
during the pre-industrial time. However, during the industrial period (1850 – 2000) solar forcing became less 
important. 

Chemical analysis of Belukha ice core showed that mercury concentrations in the ice layers formed in the 
industrial time varies widely (from 0.2 to 6.3 ng/kg), but these concentrations are low and comparable with 
concentrations for other high-elevation glaciers in the Northern Hemisphere. Our results don’t indicate influence 
of the big local source of mercury (Aktash smelter) on the atmosphere pollution in Altai region. major sources of 
atmospheric mercury pollution The reason of high correlation between concentrations of Hg and Pb in Belukha 
ice core for industrial time (Fig.2) can be determined by same sources of these metals emission, for example 
metallurgical and industrial centers of East Kazakhstan. 

The glaciochemical data presented here indicate that the Belukha glacier provides a probably unique 
archive of atmospheric and environmental conditions in Central Asia. 

 
Figure 1. Comparison of the reconstructed temperature of the ice core Belukha glacier with solar activity and the 
concentration of CO2. Upper graph: reconstructed temperature (red line), reconstructed solar activity on the 10Be (gray line) 
and 14C (green line). Lower graph: reconstructed temperature (red line), the concentration of CO2 (black dotted line) 
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PAST CLIMATE AND BIOGEOCHEMISTRY OF THE VOSTOK (ANTARCTIC) SUB-GLACIAL LAKE 
DEDUCED FROM DEEP ICE CORE STUDIES 

Petit J.R.*, Alekhina I.A.*,**, Bulat S.A.*,**, Lipenkov V.Y.*** 
*Laboratoire de Glaciologie et Géophysique de l’Environnement CNRS, BP 96 38402,  

St Martin d’Hères Cedex, France 
**Eukaryote's Genetics Lab, Division of Molecular and Radiation Biophysics, Petersburg Nuclear Physics 

Institute, Leningrad region, Gatchina 188350, Russia 
***Arctic and Antarctic Research Institute, 38, Bering. St., St Petersburg 199397, Russia 

In 1957, at the time of the IGY, Vostok station was settled onto the Antarctic plateau at the geomagnetic South 
Pole (79S, 106E, 3480 m a.s.l). At the place, ice thickness is 3750 m, and a drilling programme initiated by 
1970’s, provided the first long continuous climate record. By mid 1990’s a giant subglacial lake underlying the 
station was discovered. At the drill spot, an ice massif of refrozen lake water was sampled.   

The Antarctic Vostok ice core provided compelling evidence of the nature of climate, and of climate 
feedbacks, over the past 420,000 years. This famous core was the first to reveal the link between surface 
temperature and atmospheric greenhouse gases which in turn contributed to the amplitude of the glacial 
interglacial temperature variations. The climate record from the polar ice is now extended over the past 740,000 
years and eight climatic cycles by the EPICA Dome C ice core, drilled 600 km away from Vostok.  

The very deep ice samples Vostok ice core (more than 3540m depth) provided refrozen water sample 
from the underlying giant subglacial lake. The Vostok subglacial Lake is the largest (up to ~14000 km2) 
amongst more than 350 other Antarctic subglacial lakes. The high pressure, excess gas, low temperature, 
absence of solar energy and isolation from surface biota for thousands and perhaps millions of years make it as 
extreme environments. The very low biological content of the lake ice makes direct contamination a critical 
issue and the DNA results still controversial. However, consistent biological and geochemical approaches 
suggest a probable deep biosphere within a hydrothermal environment.  

HOLOCENE CLIMATE RECORD FROM CARBONATE SEDIMENTS OF SMALL SALINE LAKES,  
WEST BAIKAL AREA 

Sklyarov E.V., Solotchina E.P.*, Vologina E.G., Solotchin P.A.*, Sklyarova O.A. 
Institute of the Earth’s Crust SB RAS, 128, Lermontova st., Irkutsk 664033, Russia 

*Sobolev Institute of Geology and Mineralogy SB RAS, 3, Koptyuga av., Novosibirsk 630090, Russia 
skl@crust.irk.ru 

Modern systems of small saline lakes which can exist only in arid and semiarid conditions are the objects of 
special interest in paleoclimatic reconstructions. The small sizes of these lakes determine their high sensitivity 
to climatic changes in comparison with more conservative large reservoirs. The goal of these studies is to 
obtain high-resolution records of the Holocene climate of West Baikal area from evaporitic sections of small 
saline lakes on the basis of detailed mineralogical and crystallochemical investigations of carbonates.  

Object of studying are bottom sediments of three small closed lakes with carbonate type of sedimentation 
- Tsagan-Tyrm, Kholbo-Nur and Namshi-Nur, located in the Ol’khon region. The arid and semiarid climate is 
characteristic for this area (Tazheran steppes). The lakes are localized in a Cenozoic depressions confined to a 
pull-apart faults that drains deep horizons of groundwater circulation and provides long-term stable feeding of 
the lakes with metamorphosed meteoric waters. The areas of their water planes less than 1km2, the depths are 
vary from 1,8 m to 6 m. The water has mineralization from 14,5 g/l to 1,8 g/l and alkaline reaction. The methods 
of investigations are: XRD-analysis, IR-spectroscopy, scanning electron microscopy, SR XFA, analysis of 
stable isotopes ( 18O and 13C) and others. 

Evaporite part of sections is presented mainly by carbonate sediments which age according to 
radiocarbon dating is not beyond Holocene. In particular, the deepest Lake Namshi-Nur was formed in the 
beginning of the Atlantic period ~8000 years BP (14 ), the shallowest Lake Tsagan-Tyrm - in Holocene climatic 
optimum ~6400-6500 years BP (14 ). Carbonate minerals of the lacustrine sediments are dominated by Mg-
calcites which are solid solutions of MgCO3 in calcite; calcite, aragonite, excess-Ca dolomite, monohydrocalcite 
and rhodochrosite is presence as well. Detailed carbonate mineralogy is considered by the position and 
intensity of the hkl = 104 reflection of anhydrous trigonal varieties of Mg-calcites, which form a continuous 
series of structurally disordered varieties of of varying composition. Splitting of complex XRD-profiles of 
carbonates into individual peaks by the Pearson function VII provided the whole set of existing carbonate 
minerals in each sample and their quantitative ratio.  

The clearly reflected sequence of precipitation of one carbonate or another, controlled by a number of 
factors including the Mg2+/Ca2+ ratio in water, its carbonate alkalinity (concentration of HC3-, CO3

2-, and H2CO3), 
salinity, pH value, temperature, and organic productivity of the lake was established. The behavior of 
carbonates in the section together with available datings, lithological data, and diatom and others analyses 
leads us to conclude that warm and wet climate produces mainly low-Mg calcites and vice versa; i.e., its 
aridization gives birth to high-Mg calcites (up to Ca dolomites). At the same time each lake has an individual 
features. So in Lake Namshi-Nur climate aridization increases the share of high-Mg calcites, but not so 
abruptly, as in Lake Tsagan-Tyrm. The reason is the greater quantity of water and, accordingly, inertness of a 
reservoir. In the top of Lake Namshi-Nur section among carbonates prevails monohydrocalcite which 



 291 

preservation demands stabilizing factors, such as presence of phosphorus or organic substance in sediments. 
For Lake Kholbo-Nur carbonates the presence of significant amount of aragonite precipitated together with 
high-Mg calcites is characteristic in conditions of high carbonate alkalinity. A high-resolution carbonate record 
has been obtained for the first time for the lacustrine sediments. 

It bears the information about the stratigraphic distribution of Mg-calcites - a continuous series of 
structurally disordered low - to high-Mg varieties, in which the amount and proportions of phases with different 
Mg contents are controlled by Mg/Ca ratio, salinity, and total alkalinity of the lake water changing depending on 
the climatic cycles and lake level fluctuations. It is established, that distribution of others carbonate minerals, 
such as aragonite, monohydrocalcite, calcite also is the important indicator of changes of paleolake conditions. 
A number of stages in evolution of each lake are marked out. With the presence of the general tendency of 
increase in climate aridity in the Holocene in the Ol’khon region, the carbonate record from lake sediments of 
demonstrates its significant and frequent fluctuations of various amplitudes. The performed investigations 
demonstrated a good perspective of the new approach based on mineralogical and crystallochemical 
investigations of carbonates from small saline lakes of arid zones for obtaining of high-resolution paleoclimatic 
records. 
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UNDERWATER TERRACES OF LAKE BAIKAL AS THE BASIS FOR NEW PALEOGEOGRAPHIC LATE 
CENOZOIC RECONSTRUCTIONS OF NORTHERN ASIA 

Tulokhonov A.K. 
Baikal Institute of Nature Managements SB RAS, 6, Sakhyanovoy st., Ulan-Ude 670047, Russia 

Current level of Baikal, the world’s oldest lake, is known to be 456 m with small seasonal fluctuations. However, 
the level of the water table has undergone significant changes over the past 20 million years since its formation.  

Rise of the water level on the lake coasts resulted in sand-pebble accumulation (terraces up to 100-120 
m). Such levels were registered in different parts of Baikal depression, in the region of the southern basin – 
from Tankhoy Station to Vydrino Settlement, on Ushkany Islands, from Frolikha Bay to Khakusy. The source of 
Lena River (near Manzursk ridge) 2 - 0.6 million years ago, when the Eocene water level was much higher, was 
generally considered to be Lake Baikal.  

Lower terraces (20-30 m) were located in Tyya River inlet, Frolikha Bay, Oymur Settlement, lower 
reaches of Manturikha, Osinovka, Mishikha Rivers. Recent 5–10 m lake levels cause sandy-pebble 
accumulation along the east shore of Baikal.  

Thus, it may be concluded that the lake level was significantly higher during the Anthropogene period 
(approximately 1 million years), gradually forming the modern contours of the shoreline. Judging by the well-
preserved multi-aged terraces, we assume that the magnitude of the water level fluctuations was not large with 
a tendency toward gradual decrease. Otherwise lower terraces would have been washed out by rising water.  

It may be also suggested that the lake fluctuations dropped below its present level. However, we need 
comprehensive bathymetric and visual surveys to make definite conclusions. First, not all flat surfaces on the 
underwater slope were formed by waves. Second, boulders or pebbles collected by the dredge, could fall onto 
the slope from the present beach.  

Quite new possibilities to study geomorphology of the underwater relief of Baikal basin were provided by 
the Mir manned submersibles during expeditions of 2008-2009.  

It should be noted that the current expedition was the third one using manned submersibles. Manned 
submersibles Pieces were used in 1977 and 1990-1991. Unfortunately, geomorphologic and lithologic 
observations of the lake bottom were not included in this program 

Mir submersibles are much more technologically advanced compared to their predecessors. This is one 
of the few autonomous underwater vehicles carrying a pilot and two observers 6 km deep in the sea water. The 
bathyscaphes are equipped with 3-day life support systems, two manipulators, underwater cameras and a set 
of different sensors and sampling devices.  

In 2008, the studies were mainly carried out in the southern and middle Baikal basins with maximal depth 
of 1400 and 1600 m. Besides various hydrobiological, hydrochemical and other investigations, the author paid 
special attention to the structure of the slope and bottom relief of the underwater depression (Fig. 1a).   

During first plunges in the vicinity of Olkhon Island at the depth of 800 m, some well-rounded boulders 
and pebbles were collected. Since the sampling locality was not registered, we assumed that they reached this 
depth by sliding along a steep slope from the modern beach at the eastern side of the island.  

Subsequent plunges allowed the author to register bolder-pebble layers constituting ancient beaches of 
the lake at the depth of 820 m along the eastern slope of the island, 640 m deep near Goloustnoe Settlement, 
450 and 220 m deep opposite Baikalsk town (Figs. 2).   

The layers were 1-2 m thick, discontinuously bent, disappearing from observer’s sight.  
It seems that these layers correspond to the ancient coastal line. The material on the beach is well-

rounded and mainly consists of small boulders and large pebbles. Smaller fractions are missing or buried under 
the sand. Observation sites are 3-5 to 10 km away from the present water edge. The petrographic composition 
of the boulder-pebble material corresponds to the granite rocks on the shore.  

Strange as it may seem, all boulders and pebbles (probably of different age) are covered by a thin layer 
of silt (2-3 mm) irrespective of the depth of their location. It is likely a result of extremely low rate of bottom 
sedimentation.  
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In 2009, at the depth of 460 m linearly arranged pebble sediments about 1 m thick were registered on a 
relatively flat sandy bottom of the lake opposite Frolikha Bay in northern Baikal (fig. 1b).  

A day before, another submersible Mir-2 collected large pebbles and a small oval boulder overgrown by 
small algae and zooplankton from the depth of 600 m. 

Unfortunately, it is difficult to determine the age of ancient shorelines without any dating. Nevertheless, 
paleogeomorphological analysis of these sediments allows us to conclude that the lake level was more than 
800 m lower at the earliest evolution stages than the level of the present water table. Later, its level gradually 
rose to the present position of the boulder-pebble sediment layers. Four levels were found while surveying the 
three lake basins: the most ancient level – 840 m lower than the present water edge, the following levels at the 
depth of 640 m, 400-450 and approximately 200 m, respectively. Only two levels, at the depth of 640 and 450 
m were observed near Goloustnoe Settlement and Baikalsk.  

It is unlikely that varying elevation of ancient beaches is due to neotectonic differentiation of the coastal 
morphostructures.  

Filling of the lake basin with water, presumably, took place in the interglacial period after subsequent 
melting of the mountain glaciers. As Angara River broke through, the level of Lake Baikal dropped 100 m.  

Subsequent paleo-levels of the lake were formed during anthropogenic cooling, when the bulk of the 
moisture was concentrated in ice fields.  

The Quaternary period of the Western Siberia has been studied most comprehensively, which included: 
Samarovsky, Kazantsevsky, Karginsky glaciations and interglacial periods.  The levels of ancient Baikal, 
probably, corresponded to these stratigraphic patterns.   

Moraines were found in northern Pribaikalye: lateral moraines on the sides of Frolikha and Ayaya Bays, 
end moraines along the western slope of Baikal Ridge in the valleys of Ulkan, Okunayka, Kunerma, Chaya and 
other rivers. Four levels of glacial kars in the foothills of Barguzin Ridge correspond to these moraine 
complexes.  

Such age comparisons allowed us to state that Lake Baikal basin experienced no less than four periods 
of gradual rise of the level and, probably, the same number of stable periods and accumulation of beaches. 
According to the author’s opinion, it is difficult to find any other interpretation of his observations of Baikal 
bottom aboard the submersibles Mir. 

  
 b 

Fig. 1. a – Relief of the southern basin of Lake Baikal photographed through the illuminator of Mir, b – Linear arrangement 
of pebble sediments opposite Frolikha Bay, northern Baikal (  – .  

 « », b – ). 
(Hereinafter, the photos by the author. ). 

  
  

Figs. 2. Boulder-pebble sediment layers ( ). 
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SEDIMENTATION IN THE SOUTH BASIN OF LAKE BAIKAL 
Vologina E.G., Sturm M.*, Vorobyeva S.S.** 

Institute of the Earth's Crust SB RAS, 128, Lermontova st., Irkutsk 664003, Russia 
*EAWAG-ETH, CH-8600 Dubendorf, Switzerland 

**Limnological Institute, SB RAS, 3, Ulan-Batorskaya st.3, Irkutsk 664033, Russia 
vologina@crust.irk.ru, sturm@eawag.ch, lana@lin.irk.ru 

Recent results are reported of ongoing research of sedimentation processes in Lake Baikal. A number of 
sediment cores, up to 1.5 m long, were recovered along a N-S transect at Cape Ivanovskii in the South Basin of 
the lake.  

Coastal, near North shore sediments from 500 m water depth show big admixtures of sand (23-30.5 %). 
Turbidite layers are absent. The mineral composition (fraction 0.05-0.25 mm) contains up to 33.6 % olivine 
((Mg,Fe)2SiO4) and up to 2.4 % spinel (MgAl2O4). The source of these minerals are rocks of the 
‘Sharyzalgaiskaya Series’ (early Precambrian), which are widely distributed along the N-coast and beautifully 
outcropped at the section of ‘Belaia Vyemka’.  

Diatom analyses testify that Holocene deposits overlay sediments of Late Pleistocene in the near-shore 
short cores from water depths of 500 m water depth. This indicates very small sedimentation rates (approx. 
0.03 mm y-1), which is supported by the development of a big thickness of the oxidized layer (up to 21.5 cm) at 
the top of the sediments. 

Off-shore deposits of the flat deep-water parts of the basin (1300-1400 m water depths) are 
characterized by an alternation of fine grained pelagic mud intersected by frequent turbidite layers. Pelagic mud 
is formed under calm sedimentation conditions. It is composed of autochthonous biogenic material (mainly 
diatoms) and some allochthonous terrigenous material. The intercalated turbidites are deposits of long distance 
turbidity currents and contain high amounts of sandy, terrigenous material. They are triggered by catastrophic 
events, such as earthquakes, flood events etc. 

Speed of recent sedimentation in the deep water part is 1.2 mm y-1. This value agrees well with 
sedimentation rates measured in other parts of the South Basin before (Vologina, Sturm, 2009). Accordingly, 
the thickness of the oxidized layer of 2-5 cm is much smaller than on top of the near-shore sediments. 

Contents of SiO2biog vary in the deep-water sediment sequence. Maximum values of up to 25.5 % have 
been determined within pelagic mud and minimal contents of up to 1.3 % within turbidites. Concentrations of 
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Corg and Ntot show similar differences. Mud values of Corg and and Ntot are up to 3.9 % and 0.4 % respectively, 
whereas concentrations within turbidite layers are 0.39 % for Corg and <0.1 % for Ntot.  

The high proportions of sand and heavy minerals, of spiculae of sponges and of terrestrial plant remains 
are characteristic for turbidite layers and are coupled with decreased concentrations of planktonic diatoms and 
high contens of benthic and ancient species. This implies that the material originates mainly from coastal and 
near-shore areas of the lake. The sources of the turbidites are suggested, to be located at the south and south 
east shores of South Baikal. This far distance transport of material would testify the existence of powerful, high-
energy turbidity currents in Lake Baikal. 

This research was supported by the Russian Ministry of Education and Science (Contract 02.740.11.0018, P1242, 
zadanie RNP 2.2.1.1/1483, RNP 2.1.1/1539, RNP 2.2.1.1/5901, REC «BAIKAL»), EAWAG grant  85145, integration 
grant SB RAS  92 and RFBS grant  09-05-13505. 
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MINERAL COMPOSITION OF BOTTOM SEDIMENTS AND SEDIMENTATION PECULARITIES OF LAKE 
CHANY (SOUTH OF WESTERN SEBIRIA) 

Zhdanova A.N., Shikhova A.V. & Filonenko A.V. 
Sobolev Institute of Geology and Mineralogy SB RAS, 3, ac. Koptug av., Novosibirs, 630090, Russia 

zhdanova@uiggm.nsc.ru 

Lake Chany is located in the central part of Baraba steppe at the south of Western Siberia and it is the largest 
closed water basin between the Ob and Irtysh Rivers. The surface area of the lake is about 1707 km2, with a 
mean depth of 2.2 m. The Kargat and Chulym rivers flow into the lake from the northeast. Lake Chany consists 
of three associated lakes, Lakes Bolshye Chany, Malye Chany and Yarkul, which are connected by narrow 
channels. Before 1972 Lake Bolshye Chany consisted of four pools, Chinyaikhinskii, Tagano-Kazantsevskii, 
Yarkov and Yudinskii. To decrease the surface area evaporation of lake and to increase the water level in the 
central part of Bolshye Chany there was constructed dam separated Yudinskii pool from Bolchye Chany. The 
Lake Malye Chany together with pools from Bolshye Chany forms a lake chain. The salinity of the chain 
increases from the point where the river flows into Lake Malye Chany to the innermost part of the lake complex, 
Yudinskii pool of Bolshye Chany. The chosen study sites were: the central parts of Yudinskii pool of Bolshye 
Chany and Lake Malye Chany. Two cores (the length 610 cm and 360 cm) have been obtained from these 
parts of the lake in 2004 and 2006, respectively. The core from Lake Malye Chany was sampled at 10 cm and 
that from Yudinskii pool was sampled at 6 cm. The aim of this work is the mineral composition investigation of 
bottom sediments of Lake Malye Chany and Yudinskii pool of Bolshye Chany by methods of X-ray diffraction 
and IR-spectroscopy.  

It was established that the mineral association of Lake Malye Chany bottom sediments includes quartz, 
feldspars, carbonates, gypsum, bassanite, pyrite, mica, chlorite and kaolinite. The quartz and feldspars are 
more abundant in the lower part of the core at intervals from 360 to 156 cm and from 360 to 180 cm, 
respectively. At the upper part of the core the amounts of these minerals decrease about two times. 
Carbonates are presented by calcite and Mg-calcite with the amount of MgCO3 from 4 to 10 mol. %. The former 
was observed at the interval from 360 to 108 cm and the latter was from 220 to 0 cm. Gypsum, bassanite and 
pyrite are observed only in the upper part of the core to the depth of 100 cm. 

The mineral composition investigation of Yudinskii pool bottom sediments allows identifying the presence 
of the following minerals: quartz, feldspars, mica, chlorite, kaolinite, illite/smectite, calcite, high-Mg-calcite, Ca-
excess dolomite, gypsum and amphibole.  Layered silicates such as mica, chlorite, kaolinite and illite/smectite 
dominate in the lower part of the core from 610 to 370 cm. Carbonates are basically presented by calcite. In the 
upper 10 cm of the core there is not only calcite but also Ca-excess dolomite and high-Mg-calcite with the 
amount of MgCO3 as much as 35 mol. %. After the separation of Yudinskii pool from Bolshye Chany the 
mineralization of its water suddenly increased and we suggest that the upper 10 cm of bottom sediments has 
already deposited in closed saline basin and the presence of high-Mg-calcite, Ca-excess dolomite and gypsum 
proves it. 

The comparative analysis of mineral composition of bottom sediments from Lake Malye Chany and 
Yudinskii pool of Bolshye Chany has shown big differences both in composition and in distribution of minerals 
in the cores that is mainly connected with water chemistry and presence of drain in Lake Malye Chany.     

The work was supported by grand VMTK “Mineralogy of bottom sediments from Lake Chany (Novosibirsk region) as 
the reflection of water balance and climate changes in the south of Western Siberia”. 
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MICROMAPPING OF URANIUM AND PHOSPHORUS IN THE LAKE BAIKAL SEDIMENTS 
(ACADEMICHESKIY RIDGE, ST8; ST11) 

Zhmodik S.M., Goldberg E.L.*, Fedorin V.A.**, Nemirovskaya N.A., Zhmodik A.S.,  
Mironov A.G.***, Svetlyakova T.N., Karmanov N.S., Titov A.T., Khlistov O.M.* 

Sobolev Institute of Geology and Mineralogy SB RAS, 3, ac. Koptug av., Novosibirs, 630090, Russia 
*Limnological Institute of SB RAS, 3, Ulan-Batorskaya st., Irkutsk 664033, Russia 

**Institute of Oil-Gas Geology and geophysics SB RAS, 3, Ak. Koptyug av., Novosibirsk 630090, Russia 
***Geological Institute SB RAS, 6a, Sakh’yanova st., Ulan-Ude 670047, Russia 

zhmodik@uiggm.nsc.ru 

The data of distribution of chemical elements in cores of lake sediments of Lake Baikal reflect the conditions of 
sediment formation, which in full measure connected by climate changes and thus can be used for 
palaeoclimatic reconstructions. Diagenetic changes occuring in process of "ageing" of a deposit result in 
significant redistribution of substance and formation of minerals and aggregates. The role of microorganisms in 
concentration not only silicon (diatom seaweed), but also phosphorus, uranium, precious metals and microcells 
is very significant.  Temporal estimation of periodicity depends on locality of utilized analysis methods and 
possibility to determine the forms of element occurrences in sediments. Autoradiography methods have high 
sensitivity, locality and possibility to estimate the forms of element occurrences and to visualize spatial 
distribution of elements on big areas of a sample being investigated. Application of the autoradiography method 
in combination with SR-XFA, EMP, SEM, and TEM allow obtaining the new information on micro and nanoscale 
particles, crystals and layers in the sediments. The complex study of distribution of elements in fragments of 
cores of lake sediments of Baikal Lake was carried out using methods of activation autoradiography (P, U) and 
of synchrotron radiation X-ray fluorescent analysis (SR-XFA) (U, Y, As, Sr, Ca, Fe, Mn, Ti etc). Minimal 
analyzed interval for autoradiography was 10 – 100 micron, for SR-XFA – 100 – 200 micron. The fragments of 
cores of St 8 and St 11 stations with layered formations of uranium-bearing phosphorites were studied. It is 
shown, that phosphate formations (layers, concretions, zones, "flakes") in the Baikal sediment can be formed 
as a result of different processes and be allocated as is anomalous high concentration P, U, As, Fe, Ca, Sr, Au, 
and "background", that it is necessary to consider at interpretation of the geochemical data in palaeoclimatic 
reconstructions.  
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