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Lake Baikal Case Study

The Lake Baikal located in the mountainous Russian region of Serbia, is a significant ancient lake created by the Baikal Rift Zone. Estimations of its age range between 25-30 million years old, making it the most ancient lake in geological history. Fed by as many as 330 in flowing rivers, the lake is estimated to contain nearly 20% of the world’s freshwater.

Write an essay style answer that answers the following question:

Using Lake Baikal and other examples of ancient freshwater bodies, discuss the following: ‘What is the importance of ensuring ancient freshwater bodies and their supported habitats are conserved? Consider their value regarding their ecological, geological, economic, cultural values.’

Model Answer…

· Students will demonstrate understanding of ancient freshwater bodies:
* Their importance within the wider environment ecologically
* Significance of geomorphological features (how it was formed) and paleo-morphology of freshwater basins which show fossilised evidence of historical events both natural and human.
* Biological importance – e.g. endemic species under threat and their supporting ecosystem.

· Consider the values of these freshwater systems:
* Ecologically – e.g. the diversity of flora and fauna that the ecosystem supports.
* Geologically – e.g. slow flow of water seasonally as it moves down and through the basin’s watershed.
* Economically – e.g. flood water protection, biodiversity value, ecotourism, etc.
* Culturally / human values – e.g. medicinal value of remedies derived from wetland plants and the heritage of indigenous peoples.

· Evaluate issues & obstacles arising from increased economic development in and around ancient freshwater bodies, and holistically the need to conserve water as a scarce natural resource.

You may refer to 1 A4 page of notes you have prepared for the seen exam but avoid copying directly from a pre-prepared script. The exam period is 1 ½ hours and with allowance for online preparation and completion of the task giving a total exam period of up to 3 hours. 
Earths water is a finite natural resource, it is constantly recycled by the suns energy in the Hydrological cycle seen in figure 1.
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Freshwater is an increasing scarce commodity, 97% of all earths water is saline with 3% freshwater, the majority of this is unavailable in  frozen land, glaciers and held at depth in groundwater, only 0.2% is readily available as freshwater.
As the population grows, currently 8 billion and predicted to grow at 1.1 % per year to  reach 9.8 billion by 2050  (UN , 2017)  demands for freshwater grow as it is  critical for all life on earth, crucially supporting all anthropogenic life and its many activities.

The are around 20 ancient freshwater lakes globally, that is bodies of freshwater that have remained in existence for over one million years. The deepest freshwater lakes were created by volcanic action where two continental plates coincide, these plates were forced apart creating a very long and deep valley called a rift valley, due to their very deep nature, when filled with freshwater they  contain massive quantities of water. 

Lake Baikal is the largest and deepest ancient lake in the world, situated in south east Siberia as a rift valley at high altitude surrounded by mountains over 2000m high, it is fed by over 330 rivers and contains over 20% of the planets available freshwater (Fitts, 2013) It is in a very cold region with thick ice over 1m thick covering the vast lake for many months each year surrounded by  boreal forests, tundra and steppes making up a stunning landscape, it was created over 25 million years ago and although is 8 km deep, has over 6 km of sediment but still contains 1600 metres depth of mostly pristine freshwater. Its importance is increasing, as freshwater is in ever growing demand, with acute shortages predicted by many in the coming decades, compounded as other sources become polluted by natural but largely anthropogenic activities. Contamination by industry now causes over 50% of Europe’s water pollution (PINAS, 2013) and this is likely to be even greater in less regulated parts of the world.

Potable water is the major value of such a precious source  of freshwater,  but it has many other essential uses, the large body of water regulates the local climate particulary near its shores, reducing the extremes of temperature both in winter and summer. Local indigenous tribes have lived for thousands of years on its banks and more recently  tourism on the shallow coastline in Lake Baikal has flourished , fishing for food is of great significance and navigation routes are used when the lake is both frozen and in open water. Hydroelectric power is produced from its outflow creating electricity for industry, including two large paper and pulp mills from the extensive logging of the surrounding forests. 
Of major importance after drinking water could be argued to be the biological diversity of the water body. Thousands of flora and fauna species, over 80% endemic, more than any other lake in the world, live in the ancient lake, in large part due to the regular overturning of the lakes, cold waters vertically, moving oxygen down to the depths creating ideal conditions for the oligotrophic fauna throughout the water body (Brown, 2021).
The 6km deep sediment has been core drilled and has provided evidence of two major cooling periods, one 2.6 to 2.8 million years ago and another 1.6 to 1.8 million years ago, supporting previous land and ice based study providing valuable additional date to explain past climatic conditions and the consequent biological changes brought about. (Williams, 1997).
Culturally, this lake is important to indigenous peoples who have lived very sustainably for thousands of years and can provide valuable wisdom to modern sustainable living theory. Human settlement and burial sites have been discovered with over 1000 archaeological remains found, evidence includes Holocene foragers who lived around the lake which is of great historical significance.
Ecologically 4000 aquatic animal species, 80% of these endemic,  include 300 protozoans, 300 crustaceans, and many hundreds of worms, insects, molluscs and a unique seal, the nerpa  (Phoca sibirica) all live in its cold deep waters.
A 1000 species of aquatic flora including the Baikal sponge exist, food source for the sturgeon and many of the other 56 fish species found . The endemic species include the bottom dwelling fish oil golomyanka, rich in vitamin A, these are showing a sensitivity to rising water temperatures with rises over 10 degrees centigrade affecting its lifecycle, this is also the case with the Baikal sponge and there is a risk that many of these endemic vulnerable species will die out with more competitive species, found more widely taking their ecological niche (Galazii, 2012).

Climate change is creating warmer temperatures and reducing local precipitation which is raising water temperatures and reducing the vertical movement of the waters creating stratification of the water body with lower oxygen content at depth (Hamilton, et al., 2014). This is detrimentally affecting the phytoplankton with many of the larger endemic species of diatom, sinking lower in the water, unable to photosynthesize and dying. These are critical for the food web, so this seriously affects all the species in the food chain.
Economically, the hydroelectric dam built on the river Angara flowing from the lake in 1950 provided plentiful electricity to the region but damaged the natural flow of the lake changing it effectively to a reservoir, causing sediment built up and greater fluctuation of high and low water levels, causing flooding on the east side, damaging infrastructure including 200 settlements  and affecting ecosystems on the shoreline, by drying out of venerable coastal flora and fauna in low water periods. 

Two large paper mills were subsequently built, these polluted the waters of the lake with ineffectively treated wastewater from the effluent, these have improved now but with the residence time of water estimated at 400 years in this huge body of water, much pollution will remain for years to come.

Agriculture has also become more intensive as the population of the Lake Baikal area has increased almost five fold since early 1900’s and the light sandy soils are being damage by cultivation and irrigation causing serious erosion, turning over 1million hectares into semi arid zones unable to grow crops, just in the past century.

Tourism is growing in the region of the lake, Irkutsk had 0.5 million (m) tourists in 2008,  in 2019 it was 1.1 m, and it is planned to increase to 3m by 2024 (Tourism agency of the Irkutsk region, 2019). This is bringing more roads, buildings, hotels and pollution to the fragile area, sewage effluent from the water treatment plant directed into the lake is causing eutrophication from an excess of phosphate and nitrate,  causing algal blooms and blocking the essential light to plants and animals below.

New nature reserves and protected territories in the 1970’s and 1980’s  have brought about improvements to the ongoing damage from developments, UNESCO made Baikal a world heritage site in 1996, following this in 1999, Russia passed a law of protection for the natural beauty of the whole region. However ecological harm still continues with protests from  environmentalists in Russia and globally are calling for ever more stringent safeguards to the whole ecosystem and the purity of the water.
Ancient rift lake Tanganyika in east Africa is the second oldest global lake and has 250 endemic species of cichlid fish alone (Vanhove, 2015) Studies of these fish have provide better understanding of speciation through the diversification of evolution that such ancient bodies of freshwater contain, with cold deep waters harbouring species from millions of years ago right up to the recent past still evident in the ancient lakes.

Lake Zaysan in Kazakhstan is also ancient but has shallower freshwater with increased sedimentation in part due to the building of a dam,  climate change is also reducing precipitation and therefore less inflow into the lake with less outflow to take out sediment is threatening the future existence of this important water body with the subsequent loss of its unique endemic flora and fauna and its valuable freshwater resource.

Emerging solutions for a sustainable future for our ancient freshwater lakes is required, for Lake Baikal there are many, some have already been adopted including the bottling of fresh water which is of low environmental impact but very profitable and helps safeguard the purity of the water. 

Responsible ecotourism can be further developed as this is a growing industry but must be carefully legislated and implemented. (Timoshkin et al., 2018)

Baikal algae production for the cosmetics and food industries is a promising venture and also a new modern biotechnology industry could provide an important multi million pound industry. (Dorfmann, 2011)

In conclusion the ancient freshwater lakes are vital for the health and future of people living locally and much further afield. Both the indigenous human population who value their long traditions with spiritual and cultural connections to the ancient lake and populations of people thousands of miles away.
The unique aquatic organisms that reside in the lake are utterly irreplaceable as they have evolved over millions of years and found nowhere else on earth, they are very vulnerable to any sudden changes to the lake environment and deserve to be better protected. As freshwater availability continues to become scarcer, with climate change, pollution and population growth all detrimentally affecting it, so it is of utmost importance that these incredible and unique freshwater bodies are sustainably managed for everyones future.
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