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Introduction

Lake Baikal contains one fifth of the freshwater resources of the world, i.e., after the recent unpublished studies of Alekseev et al. (2002), 23 615 km 3 . This Russian lake, the deepest in the world (1 637 m), is located in south-eastern Siberia. It is 636 km long, from 51° 27' N to 55° 46' N, and its area is 31 722 km². Lake Baikal which appeared 25 millions years ago, is the oldest lake on earth. Due to its large size and great age, speciation was responsible for a very rich endemism which is very vulnerable to pollution.

One of the most famous lakes in the history of limnology

Russians conquered the region of Lake Baikal in the XVIIth century. Some learned travellers, such as ambassador Spafari, and exiles, such as the pope Avvakum, described the lake. In the XVIIIth century, soldiers and sailors, such as Bering, needed a map, since a war navy was created on Lake Baikal. During the naturalist expedition of Pallas and Georgi in 1775, Pushkarev surveyed the topography of the lake and its surroundings for the first time. Lake Baikal entered the scientific world in the 1860s, when numerous Polish revolutionaries were deported to the region of Irkutsk. Some of them were scientists and studied the lake. Dybowsky, a specialist in gammarids, was the first baikalian biologist and Chersky the first geologist. The construction of the Trans-Siberian railway which attained Irkutsk in 1898 favoured human migrations and increased the need for scientific studies for the safety of the ferries crossing the lake. The Trans-Siberian railway possessed its own scientific journal in which Obruchev, named "the father of Siberian Geology", wrote many articles about the faults of the region and the origin of Lake Baikal. After many expeditions from 1896 to 1902 and 274 369 soundings, Drizhenko built the first bathymetric map of the lake.

In 1916, the Russian Academy of Sciences created the Commission for the Study of Lake Baikal, and, after the Revolution, in 1918, the new government founded the Biological Station of Bolshie Koty on the shore of the lake, and later, in 1928, the Limnological Station of Lake Baikal in Listvyanka. Vereshchagin, one of the most famous limnologists in the world [START_REF] Martinson | The Vereshchagin's role in the future and the development of the Russian limnological science[END_REF], managed this station until to 1942. Some well-known biologists of the post-war period, such as Kozhov, began their studies under the direction of Vereshchagin. After the war, the Baikalian Limnological Institute became one of the biggest in the world. Equipment was plentiful, for example laboratory ships. The Institute of Oceanology of Moscow regularly provided its submarine for studying Lake Baikal. Since the collapse of the Soviet Union, financial difficulties have appeared but new collaborations have also emerged, particularly with American and Japanese researchers.

A very old rift lake

The Baikal tectonic valley is the central part of a complex rift zone located in Central Asia from the Mongolian Busingol and Khubsugul grabens to the Tokko graben. The Baikal Rift Zone extends over 2 000 km above an anomalous mantle uplift. Compared with other rifts, particularly the Eastern Africa one, the Baikal Rift Zone is the farthest from any ocean and from a major plate boundary. According to [START_REF] Molnar | Cenozoic tectonics of Asia : effects of a continental collision[END_REF] and [START_REF] Tapponier | Propagating extrusion tectonics in Asia : new insights from simple experiments with plasticine[END_REF], the collision and penetration of the Indian plate into the Eurasiatic plate caused extrusion tectonics beginning in Indochina, then extending north like strike-slip faults in China and like a rift in the Baikal Region. This passive theory is well accepted today by most geologists [START_REF] Mats | The structure and development of the Baikal rift depression[END_REF]. Nevertheless, [START_REF] Zorin | The Baikal rift : an example of intrusion of asthenospheric material into the lithosphere as the cause of the disruption of the lithospheric plates[END_REF] and [START_REF] Logatchev | The Baikal rift system[END_REF] preferred the active theory, according to which the Baikal Rift Zone is an independent phenomenon induced by a local asthenospheric upwelling. In contrast with the Eastern Africa Rift, volcanism has a secondary importance in the expansion of the Baikal Rift.

The lake itself lies in two deep tectonic basins separated by a submerged (Academic Ridge) and emerged (Olkhon Island, Svyatoi Nos Peninsula) uplift (Fig. 1). The southern basin from which rifting propagated is deeper and older than the northern basin. Oligocene sediments of the southern basin form the base of 7 000 m-thick deposits. The coastal landscape of Lake Baikal consists in rift shoulders and fault scarps. The most common aspect is a system of steep triangular facets with some intermediate steps [START_REF] Ufimtsev | Morphotectonics of the Baikal rift valley, Eastern Siberia, USSR[END_REF]. The basal slopes of the tectonic scarps form plunging cliffs.

The southern tectonic basin is made of two topographic depressions [START_REF] Fairbridge | Lake Baikal[END_REF], since the prodelta slope of the Selenga River cuts the graben in two parts (Fig. 2). Little sediment is deposited off the central delta front, but fluvial material is rather channelled through a faultcontrolled sublacustrine canyon named Kukui Gully towards the northeast [START_REF] Karabanov | Sublacustrine canyons of Lake Baikal[END_REF]. On the shoreline, fluvial deposits are redistributed and accumulated along bay head beaches, bay bars and spits.

Water temperature and mixis of the world's deepest lake Lake Baikal is dimictic. After the homothermy of November appears the light slush ("shuga"), a mixture of internal ice consisting of anchor ice and melting snow, which turns into the dense and opaque sludge ("salo") by the end of the month. By December, the drifting of the pancake ice ("blinchaty led") causes the collision of the ice plates and rafts. The lake freezes over by the second half of December (often so at the beginning of the XXth century, but seldom nowadays) or, frequently for the last 20 years, by the first half of January. By February and March, the ice cover ("l'dina") is 70 cm thick in the southern part to 130 cm thick in the northern basin, above a thermal inverse stratification of the water masses. By mid-April, the ice begins to thaw and break apart. By May, the ice cover disappears from the southern basin and the second period of homothermy takes place. By June, only some floes float in the northern basin. The warm Siberian summer causes a direct stratification and, at the August maximum, the offshore surface layer reaches a temperature of 10 °C (Fig. 3) above a 50 to 90 m-thick epilimnion. In the bays, the surface temperature sometimes exceeds 16 °C. This enormous water volume, slowly stocking and redistributing calories, influences the climate of the land around it and creates a limnoclimate which propagates along the Angarian fluvial outlet. For example, in Irkutsk, 65 km from Lake Baikal, the annual thermal range is about 37 °C, whereas the difference between August and February reaches a range of 45 °C in the meteorological stations of south-eastern Siberia that are uninfluenced by the lake.

Dimixis of Lake Baikal is in fact largely complicated by its huge depth. During homothermy, free convection only occurs down to 250 or 300 m [START_REF] Shimaraev | Deep ventilation of Lake Baikal waters due to spring thermal bars[END_REF]. Only this surface layer is regularly mixed and passes in autumn and spring through the temperature of surface water maximum density, i.e. 4 °C. Below, water renewal is episodic. But since the temperature of water maximum density decreases with increasing depth, the base of the mixed layer may locally move to a depth at which its temperature comes up to the temperature of maximum density [START_REF] Killworth | Modelling deep-water renewal in Lake Baikal[END_REF]. The sinking plumes which result from the phenomenon of thermobaric instability allow the deep ventilation of Lake Baikal, so that the concentration of dissolved oxygen reaches 9 mg.l -1 at the deepest points of the central basin.

Permanent wind-drift currents and autumnal waves

Numerous local currents certainly disturb the general circulation, but Lake Baikal is above all affected by long-lasting or permanent wind-drift currents (Fig. 4). During ice -free seasons, the 50 m surface layer has a cyclonic movement with maximum velocity in spring. It consists of two major cyclonic cells in the northern basin, one in the central depression and two in the southern basin with seasonal oscillation [START_REF] Galazy | Atlas of Baikal. Moskow : Federal service of surveying and cartography[END_REF]. A minor cyclonic cell affects the Gulf of Barguzin and an anticyclonic one the Gulf of Larch Trees which gives birth to the Angarian emissary. The straight of Little Sea gives a linear direction to its current. During icecover seasons, currents are minimum but the same directions are preserved, except in the Gulf of Larch Trees.

Two dominant and regular winds are channelled through the rift valley. The "Kultuk" ("Dead end wind"), a very common southwest wind, especially blows in autumn. During anticyclonic conditions, the "Verkhovik" ("Upper wind") is a frequent north or northeast wind which is stronger in the daytime. The very long fetch of these two winds causes dangerous waves which may reach a height of 6 m in the northern basin (Fig. 5). Transversal winds are less common and blow only locally upon a shorter distance but some of them are stronger. Very sudden autumnal waves are due to the "Sarma", a transversal northwest stormy wind first channelled by the Sarma valley then by the Straight of Olkhon Portal. In spring, the "Barguzin", a transversal northeast wind, assaults the lake in powerful and impetuous gusts, breaking the ice of the central basin.

Chemistry, water quality and anthropogenic pollution

Due to the crystalline lithology of its drainage basin, the waters of Lake Baikal are poorly mineralized. The average natural chemical amount of dissolved matters in the lake is 0.096 g.l -1 [START_REF] Vereshchagin | Lake Baikal. Moskow, Geografiz[END_REF][START_REF] Votintsev | The hydrochemistry of Lake Baikal. Moskow[END_REF]. Major ions (63.5 mg.l -1 HCO 3 -, 15.2 mg.l -1 Ca 2+ , 5.2 mg.l -1 SO 4 2-, 3.8 mg.l -1 Na + , 3.1 mg.l -1 Mg 2+ , 2.0 mg.l -1 K + ) are uniformly distributed at all depths of the three basins throughout the year. The average concentration of silica increases with depth from 1.1 to 5.5 mg.l -1 and seasonally varies with the consumption of the diatoms in the upper layer. Lake Baikal is oligotrophic. Nutrients are unequally distributed at different depths and in the three basins, with a maximum in the southern part of the lake. Also they vary throughout the year, with an annual maximum by February and a secondary maximum by June. The annual minimum occurs in August, coinciding with the organic consumption and water temperature maximum.

Significant anthropogenic pressure on Lake Baikal began in the 1950s with the construction of the Irkutsk hydroelectric power plant 60 km downstream on the Angarian outflow. The resulting 80 cm rise of the average lake water level disturbed some littoral regions, increasing coastal erosion. The ensuing water turbidity destroyed some spawning areas. The most important development in the Baikal region was the construction of the Baikalsk' Pulp and Paper Plant on the shore of the southern basin. This location took advantage of the large volume of pure water, the abundance of taiga raw material and the facilities for exporting the production via the Trans-Siberian railway. This mill came into operation in 1966. Despite the construction of an efficient wastewater purification plant in 1969, which was modernized in the 1970s and recently transformed into a semi-closed circuit, the plant pollutes the lake. Incompletely treated discharges of wastewater contain PCBs and phenols. Lake sediments are contaminated over 3 to 14 km² around Baikalsk [START_REF] Sukhodolov | Will there be the town at the Baikal? Novosibirsk[END_REF] and a significant pollution affects the water upper layer as far as 15 km east of the paper mill [START_REF] Fedorov | Water chemistry and isotopic composition of sulphate sulphur in the surface layer of Lake Baikal water[END_REF].

Today, only 80 000 residents live along the 2 000 km shoreline of Lake Baikal and density in the drainage basin is less than 5 inhabitants per km². Anthropogenic pressure is punctually concentrated in the southern basin, around the Baikalsk' Pulp and Paper Plant and the mouth of River Selenga which brings pollutants from the Buriat towns, especially from Ulan-Ude.

Biogeographic characteristics of Lake Baikal : a very high degree of endemism

The very long isolation of Lake Baikal in connection with its large size has allowed the development of 1085 plant species (including 679 diatoms) and 2491 animal species, among which 80 % of the pelagic organisms are endemic, comprising 87 unique genera and 11 exclusive families [START_REF] Mazenova | General characteristics of Lake Baikal[END_REF]. These endemics have two origins. Some of them colonized the lake during successive periods when Baikal communicated with other regions, particularly with the Arctic Ocean. The second origin, the most frequent one, is due to evolution on the site itself [START_REF] Kozhov | Lake Baikal and its life. The Hague[END_REF]Kozhova, Izmest'eva, 1998).

The Baikal seal (Phoca sibirica), named "nerpa" by the Siberians, is supposed to have arrived by a very ancient migration, using the Yenisey and Angara river systems, and then to have evolved within the lake. Parasitological analogies with the arctic seal Phoca hispida confirmed that this freshwater mammalian descends from a marine form. But genetic studies showed that its colonization is very ancient, probably Mio-Pliocene [START_REF] Pastukhov | Baikal seal[END_REF]. Due to natural selection, the Baikal seal is distinct from its ancestors, with higher haemoglobin concentration in its blood, stronger claws and additional teeth, presumably because dives are deeper, freshwater ice is harder and fishes consumed are smaller than in the Kara Sea.

The major source of food of the Baikal seal, the fat fish (Comephorus baicalensis and Comephorus dybowskii) of the lake, is a good example of indigenous endemic genera (Fig. 6). Named "golomianka" ("naked fish" because it is scaleless) by the Siberians, the fat fish is a half-transparent animal living in the deep water masses. It is the only viviparous fish in which all females and numerous males die just after the birth of the larvae. It was probably a blind alley in the natural evolution and speciation [START_REF] Sideleva | Seismo-sensorial system and ecology of the Cottoidei fishes of the Lake Baikal[END_REF].

Protected natural areas

Lake Baikal and its surroundings have been protected since the decree passed in May 1960, with defence of the coastal forest and fishing supervision [START_REF] Touchart | Lake Baikal[END_REF]. The resolution of the Soviet Cabinet passed in June 1971 prohibited timber floating on the tributaries and imposed the construction of wastewater purification plants in the drainage basin. In 1974, the Russian Nature Conservation Society created the "Commission for the study and public awareness of the questions about Nature Conservation of Lake Baikal" which established special protected areas, especially so-called nature monuments. The resolution of the CP Central Committee, passed in April 1987, created the protected zoning of the whole drainage basin (Vorob'yev, Martinov, 1989).

There are four statuses for special protected areas around Lake Baikal : 267 nature monuments ("pamiatniki prirody"), 26 preserved territories ("zakazniki"), 2 national parks ("nacionalnye parki") and 3 nature reserve areas ("zapovedniki"). The most rigorous status is that of nature reserve, in which all activities except scientific research are prohibited [START_REF] Gusev | Sacred Baikal, Baikal nature reserve areas[END_REF]. The Barguzin Reserve (2 632 km²) was created in 1916, the Baikal Reserve (1 657 km²) in 1969 and the Baikal-Lena Reserve (5 600 km²) in 1989.

A certain continuity prevailed after the collapse of the Soviet Union. The federal law "On the protection of Lake Baikal", carried in May 1999 and often called "Baikal law" by the Siberians, has issued numerous government orders, among which the decree of September 2000 confirming the ecological zoning of the protected areas around Lake Baikal and the decree of January 2002 strengthening the protection of the Baikal seal and the Baikal salmon "omul".

Conclusion

Lake Baikal is a unique lake, with a rich biological endemism due to its age. Except in the southern basin, water quality remains excellent for two reasons. Protection is rigorous and the enormous volume of water, with a great diluting ability and a very long water renewal, allows it to be preserved in spite of the anthropic outflows. However, threats are great and it is urgent to finish the construction of the completely-closed water-circuit of the paper mill or to cease the production of cellulose by a reconversion of the Baikalsk' Pulp and Paper Plant. Since 1996, Lake Baikal has been on the UNESCO World Natural Heritage Site List.
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