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Abbreviations and

== Acronyms

Above sea level

Buffer ecological zone of Lake Baikal

(term from RussianFe der al LFadv AL a&Okde Bai kal protectiono
Baikal natural territory

Convention on biological diversity

Biological oxygen demand

Causal chain analysis

Central ecological zone of Lake Baikal

(term from Russi am4-F2&diebakde LBawi Kal protectiono
Convention on International Trade in Endangered Species of Fauna and Flora

Dissolved oxygen

Ecosystem quality objectives

Environmental and social impact assessment

Federal Service on Hydrometereology and Environmental Monitoring (Russian Federation)
Governance analysis

Gross domestic product

Global Environment Facility

Greenhouse gas

Gross regional product

Hydroelectric power plant

International Hydrological Programme of UNESCO

Intergovernmental Panel on Climate Change

Integrated water basin management

Integrated water resource management

Management area

Man and Biosphere Programme of UNESCO

Mongolian t°gr°g (currency)
Maximum permissible concentration

Nitrogen

Phosphorus

Protected area

Persistent organic pollutant

Scientific advisory group

Strategic Action Programme

Siberian Federal District

Sheep forage unit

Strictly protected area

Selenga River Basin

Gusinoozersk State Regional Power Plant
Transboundary Diagnostic Analysis
Transboundary Protected Area

Thermal Power Plant

United Nations Development Programme
United Nations Educational, Scientific, and Cultural Organization
United Nations Office for Project Services
World Wide Fund for Nature

Wastewater treatment plant




Glossary of drms s

Agenda 21

Aimag

Biological
invasion
Biological
Oxygen
Demand (BOD)
Bog

Buffer
Environment
Zone (BEZ)
Convention on
Biological
Diversity

Catchment
area
Central
Ecological
Zone (CET)
Convention

Dublin-Rio
Principles

Dzud

Ecoregion

Ecosystem

United Nations Conference on Environment and Development (Earth Summit)

agreement on action to be taken to protect the environment. It proposes integrating

environmental protection and economic development.

First-level administrative subdivision of Mongolia (comparable to provinces). Each

aimag is divided into several districts.

The introduction of an organism into a new environment or geographical region,

followed by rapid multiplication and expansion of its range.

Amount of dissolved oxygen needed by aerobic biological organisms to break down

organic material present in a given water sample at certain temperature over a

specific time period. Used as an indication of the organic quality of water.

Area with a waterlogged, spongy, acidic substrate.

The Buffer Environment Zone of Lake Baikal is the physical catchment area of the

lake within Russia. Also see Central Ecological Zone and Zone of Atmospheric

Impact (term from Russian Federal LawN°94-FZ fiLake Bai kal Pr

The principal objectives of the Convention on Biological Diversity, which entered into

force in 1993, are the conservation and sustainable use of biological diversity, and the

fair and equitable sharing of benefits arising from its utilisation. The Convention

recognises that the key to maintaining biological diversity depends upon using itin a

sustainable manner.

The drainage area of a land surface that contributes flow to a single water body, such

as a river, lake or an ocean.

The central ecological zone of Lake Baikal includes the lake itself, and the natural

parks and reserves that are located around the lake. Also see Buffer Environment

Zone, and Zone of Atmospheric Impact (term from Russian Federal Law N° 94-FZ

fiLake Bai kal Protectiono)

A convention is a set of agreed, stipulated or generally accepted standards, norms, or

criteria.

Key principles for IWRM presented at the World Summit in Rio de Janeiro in 1992:

1. Fresh water is a finite and vulnerable resource, essential to sustain life,
development and the environment.

2. Water development and management should be based on a participatory
approach, involving users, planners and policy-makers at all levels.

3. Women play a central part in the provision, management and safeguarding of
water.

4. Water is a public good and has a social and economic value in all its competing
uses.

5. Integrated water resources management is based on the equitable and efficient
management and sustainable use of water.

Mongolian term for an extremely harsh winter, during which livestock is unable to find

sufficient food and large numbers of animals die from starvation. Successive dzuds

took place in Mongolia between 2000-2002, and 2009-2010.

Global Ecoregion is a concept that was developed by WWF and global experts to

rank habitats according to their importance for biodiversity conservation. There are

200 Ecoregions in the world. See: wwf.panda.org/about_our_earth/ecoregions/about

The dynamic complex of plant, animal and micro-organism communities and their

non-living environment, which interact with each other and with their environment as a
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Ecosystem
approach

Ecotone
Eutrophication

Ger District

Greenhouse
gas

Habitat

Hydrologic
flow

Invasive
species

IWRM

Keystone
species

Nonpoint
source
pollution
Point-source
pollution
Precautionary
Principle

Rangeland

Sedimentation

Silage
Steppe
Waterlogged
Taiga

Tundra
Urbanisation
Zone of

Atmospheric
Impact (ZAl)
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functional unit.

Strategy for the integrated management of land, water and living resources that
promotes conservation and sustainable use in an equitable way, while recognizing
that humans, with their cultural diversity, are an integral component of ecosystems.
Transitional zone between two or more ecological communities.

Excessive enrichment of waters with nutrients, typically in the form of nitrates and
phosphates, often from human sources such as agriculture, sewage, and urban
runoff, which may lead to adverse biological effects, including toxic algal growth and
anoxia.

Unplanned settlement in the suburbs of a city, where inhabitants predominantly live in
traditional Ger (also known as yurt) housings. Inhabitants of Ger districts often do not
have access to basic infrastructure including central heating, water and sanitary
facilities.

Gas that absorbs and emits radiation within the thermal infrared range in the
atmosphere. The primary greenhouse gases in the Earth's atmosphere are water-
vapor, carbon dioxide, methane, nitrous oxide, and ozone.

The specific place and physical environment within an ecosystem that surrounds (and
is influenced by, and utilized by) a particular species of animal, plant, or micro-
organism.

The characteristic behaviour and the total quantity of water involved in a drainage
basin, determined by measuring such quantities as rainfall, surface and subsurface
storage and flow, and evapotranspiration.

Animals, plants or other organisms introduced by man into places out of their natural
range of distribution, where they become established and disperse, generating a
negative impact on the local ecosystem and species.

Integrated Water Resources Management (IWRM) is a process that promotes the
coordinated development and management of water, land and related resources in
order to maximise economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems and the environment.

Species with a disproportionately large effect on its environment relative to its
abundance. Keystone species play a critical role in maintaining the structure of an
ecological community, affecting many other organisms in an ecosystem.

Nonpoint source pollution refers to pollution from diffuse sources. Nonpoint source
water pollution can affect a water body from sources such as runoff from agricultural
areas draining into a river, or atmospheric pollution.

A point source of pollution refers to a single, identifiable source of air, water or
thermal pollution.

If an action or policy has a suspected risk of causing harm to the public or to the
environment, in the absence of scientific consensus that the action or policy is
harmful, the burden of proof that it is not harmful falls on those taking an act. The
precautionary principle implies that there is a social responsibility to protect the public
and the environment from exposure to harm, when there is a plausible risk.

Vast natural landscapes, including steppes and tundras, which can be used to graze
livestock.

Increased concentration of suspended sediments, and to the increased accumulation
(temporary or permanent) of sediments on the bottom of rivers, lakes, and other
aguatic systems. The origin of the increased sediment transport into an area may be
erosion on land, or activities in the water.

Fermented, high-moisture content fodder for cattle and sheep.

Landscapes that are characterised by grassland plains that are mostly without trees.
Soil that is saturated by groundwater, sufficient to prevent or hinder agriculture.
Landscapes that are characterised by coniferous forests, which consist mostly of
pines, spruces and larches.

Landscapes that are characterised by extremely cold climates, low biotic diversity,
simple vegetation structures, and absence of trees.

The physical growth of urban areas as a result of rural migration and/or suburban
concentration into cities.

The Zone of Atmospheric Impact of Lake Baikal is the area immediately outside the
physical catchment area to the west and north-west of the lake.
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This document presents the results of extensive expert analyses relating to the present and expected future
status of Lake Baikal and its catchment basin, which is shared by the Russian Federation and Mongolia. The
analyses specifically focus on issues that may induce environmental impacts beyond national boundaries, or
issues that are common to both countries.

Collectively, this represents a Transboundary Analysis (TDA). The TDA is intended as a decision support
tool for issues to be addressed within the context of immediate and long-term sustainable management of
the ecosystems in the Baikal Basin. The TDA forms the basis for the development of a comprehensive
Strategic Action Programme (SAP) for addressing priority environmental issues.

Lake Baikal and its Catchment Basin

Lake Baikal is a global hotspot of biodiversity. The lake harbours an extraordinary variety of flora and fauna

that comprises over 2,550 species, including hundreds of species that occur nowhere else in the world. The

Bai kal Basin includes Lake Khovsgol, which is Mongoli a
countryods surface freshwater.

The Baikal Basin exists at the junction between biogeographically distinct regions: Central Asian, Eastern
Asian, and European-Siberian. These regions consist of combinations of mountains and valleys, taiga,
tundra, steppe and deserts with high scenic beauty and significant natural values. Consequently, the Baikal
Basin harbours extremely diverse communities of plants and animals.

Given the national, regional, and global significance of the biodiversity in the Baikal Basin, as well as the
ecosystem services provided by its aquatic and terrestrial systems, transboundary and international
cooperation for the protection and sustainable management of the basin is of vital importance.

Need for Action

The biodiversity and the health of the aquatic and terrestrial ecosystems in Lake Baikal and its catchment
basin are increasingly under pressure from the impacts of a growing human population and its demands on
natural resources.

In recognition of the value of the natural resources for the people inhabiting the Baikal Basin, the
Governments of Mongolia and Russia signed several transboundary agreements. In 1995, the bilateral
iProtection and Use of Transboundary Waterso was signe
1988.

Various initiatives towards protection of biodiversity and sustainable management of natural resources have
taken place in both Mongolia and Russia. This includes a GEF-financed Biodiversity Project that was
implemented in Russia from 1996-2003, which resulted in the development of a Lake Baikal Biodiversity
Conservation Strategy, providing a political and institutional context for expanding Protected Areas and
developing watershed plans.

In spite of agreements and cooperation between the two countries, limited progress has been made towards

achieving sustainable transboundary management of the basin. To address the need for improved
transboundary planning, cooperation and action, a new project was initiated on Integrated Natural Resource
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Management in the Baikal Basin Transboundary Ecosystem, which started its implementation phase in
November 2011.

The project has the objective to spearhead integrated natural resource management of the Lake Baikal
ensuring ecosystem resilience, and reduced water quality threats in the context of sustainable economic
development. The project is supported by UNDP and the Governments of Mongolia and Russia, executed by
UNOPS, and financed by the GEF with co-financing from the Foundation for the Protection of Lake Baikal,
the Coca-Cola Every Drop Matters program, and UNESCO.

In accordance with GEF best practices for international waters projects, a preliminary transboundary
diagnostic analysis (TDA) was undertaken between 2008-2009. The present document represents an update
of the preliminary TDA, which will function as a basis for further strategic action planning.

TDA Updating Process

To coordinate and implement the updating process, a Scientific Advisory Group (SAG) was established,
comprising expert teams from Mongolia and Russia. To ensure continuity, the SAG included several of the
experts who also participated in the drafting of the preliminary TDA. During the period August 2012 i March
2013 the members of the SAG collected and analysed data and information relevant to a range of topics,
including pollution hotspots, biological invasions, and climate change. With support from UNESCO,
additional data was collected and analysed relevant to the sustainable use of groundwater resources in the
Baikal Basin. The new data is either integrated in this document, or presented as Technical Annexes.
Additional technical reports will be annexed to this document as they become available during further
updating processes.

Boundaries of the TDA

The geographical area of this TDA focuses on the physical water catchment basin of Lake Baikal*, which
covers an area of c.a. 540,000 km? in south-eastern Siberia and northern Mongolia. Based on the Russian
Law on Lake Baikal, the Russian part of the Baikal Basin comprises three environmental impact zones:

1. The Central Ecological Zone: Lake Baikal and natural parks and reserves that are located around the
lake.

2. The Buffer Environment Zone: Physical catchment area within Russia.

3. The Zone of Atmospheric Impact: Area immediately outside the physical catchment area to the west and
north-west of the lake.

In terms of thematic scope, this TDA covers the Baikal Basin Transboundary Ecosystem, which is defined as
the dynamic complex of plant, animal, human, and micro-organism communities as well as their non-living
aquatic and terrestrial environments, acting as a functional unit within the spatial boundaries determined by
the physical water catchment area of Lake Baikal, including Lake Baikal itself and parts of Mongolia as well
as parts of the Russian Federation.

Overview of the Findings of the TDA

The main problem areas and specific problems identified for the Baikal Basin are listed in Box A, in order of
prioritisation. For each of the specific problems, the TDA describes the present situation, root causes,
underlying and immediate causes, as well as the sectoral activities that are associated with the causes. The
TDA furthermore describes challenges for future management and offers recommendations that could be
integrated into the SAP process.

The problem areas were prioritised on the basis of their geographical scope and expected severity. The
degradation of aquatic and terrestrial habitats through deforestation and sedimentation, overgrazing,
intensification of landuse, and unsustainable landuse methods in agriculture was identified as one of the key
problems for ecosystems in the Baikal Basin.

Hydrological regime changes were also identified as a main transboundary problem. This problem
particularly counts for water level decrease resulting from withdrawal of water for domestic, agricultural or
industrial purposes, deforestation, and the impacts of climate change. Hydrological regime changes resulting
from water level increase caused by dams and hydroelectric power plants was identified as a local problem,

"The physical water catchment basin of Lake Bai kal is denot
catchment basi no, foll owisactontbhe definition as outlined
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especially in Russia was identified as a problem that specifically affects the aquatic and nearshore
ecosystems of Lake Baikal.

The decline of the quality of surface and groundwater resources resulting from point source and
nonpoint source pollution is a significant concern in both Mongolia and Russia. As polluted water can be
transported over long distances, it affects downstream areas and is a significant transboundary issue. Once
pollutants reach Lake Baikal, they could possibly accumulate for centuries, since water stays in the lake for
an estimated 300 years. Five specific problems were identified that affect the quality of water resources in
the Baikal Basin:

1 Chemical contamination: Mainly concerns pollution caused by heavy metals, hydrocarbons, persistent
organic pollutants (POPs) and pesticides. Key pollution sources are the mining industry as well as other
industries and domestic waste.

9 Increased suspended solids and sedimentation: Caused by combined effects of deforestation,
unsustainable landuse practises, mining activities, and inadequate treatment of wastewater.

T Microbial pathogenic contamination: Resulting from insufficiently treated wastewater, use of bio-control
agents such as bacteria, fungi and viruses, inappropriate discharge of medical waste, and inadequate
disposal of infected animal carcasses.

i Organic pollution and eutrophication: Insufficiently treated wastewater contaminated with faecal
matter, detergents and oil hydrocarbons (including fuels and lubricants) forms a point source of organic
pollution. Non-point sources include atmospheric deposition, and runoff from areas treated with fertilisers,
herbicides and insecticides.

9 Thermal contamination: Results from use of water as a coolant for power or industrial plants. Thermal
contamination is a point-source problem that can have significant impacts on local flora and fauna.

Concerns around the sustainability of fisheries and wildlife exploitation in the Baikal Basin are the loss
of aquatic and terrestrial biodiversity, as well as loss of potential stocks for human consumption. Overfishing
is a major concern in Lake Baikal, particularly on species that are listed as endangered in the Red Books of
Mongolia and Russia (e.g. Baikal sturgeon, lenok, taimen). Hunting is to a large extent regulated in the
Baikal Basin, and licences are required for the majority of species that are preferred by hunters. However,
unregulated hunting and poaching poses problems for wildlife in the basin. The problem is particularly
pressing for populations of wildlife whose habitats are declining as a result of deforestation, unsustainable
landuse practises, pollution, and the impacts of climate change.

The extent of biological invasions in the Baikal Basin thus far seems to be limited to 13 fish species and 1
plant species in aquatic systems, as well as 3 plant species in terrestrial systems. However, degraded and
polluted habitats are more receptive to biological invasions than pristine habitats, due to a loss of local
species diversity and resilience to change. Therefore, due to the levels of habitat degradation and pollution in
the Mongolian and Russian territories of the Baikal Basin, the risk of future invasions is high and a level of
precaution should be in place.

Climate change was identified as a cross-cutting theme, which directly or indirectly affects all other problem
areas in the transboundary basin. Natural disasters were also identified as a cross-cutting theme. Although
natural disasters are not caused by human activities, environmental degradation can aggravate their
impacts. Conversely, sustainable environmental management can mitigate some of the impacts of natural
disasters.

Box A. Main concerns and specific problems identified for the Baikal Basin Transboundary Ecosystem

MAIN PROBLEM AREA SPECIFIC PROBLEM
1. Degradation of Aquatic and Terrestrial T Deforestqﬂon .
Habitats 9 Degradation of agricultural, pasture, and range lands
1 Ecosystem changes
. : 1 Water level decrease in the catchment basin

2. Hydrological Regime Changes 1 Water level increase in the catchment basin
1 Chemical contamination
1 Increased suspended solids and sedimentation

3. Decline of Water Quality 1 Microbial pathogenic contamination
9 Organic pollution and eutrophication
9 Thermal contamination
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4. Unsustainable Fisheries and Wildlife
Exploitation

Over-exploitation of aquatic biota
Over-exploitation of terrestrial wildlife
Alien species invading aquatic habitats
Alien species invading terrestrial habitats

=a =4 |=a =9

5. Biological Invasions

CROSS-CUTTING AREAS

. 1 Fluctuations in freshwater flow
6. Impacts of Global Climate Change 1 Increased extreme weather events
9 Earthquakes
7. Natural Disasters 1 Mudslides
1

Droughts and floods

Governance and Natural Resource Management

Besides identifying problem areas and causes, the TDA identifies the socio-economic, legal, administrative,
and political contexts or constraints relevant for the integrated management of the transboundary water
basin.

There are a number of common challenges related to the existing governance structures related to all
problem areas in the TDA. In general, there are shortcomings in the available legislative frameworks, with
inadequate or incoherent laws and regulations. A lack of implementation or enforcement is also a common
problem. Legislative weaknesses are accentuated by inadequate institutional frameworks, and issues of
technical capacity and financial mechanisms.

The principles and opportunities for good governance in sustainable natural resource management are
presented in the TDA, as well as an overview of the present and potential role of civil society. Civil society
movements are steadily emerging in the region, and increasingly able to influence general public opinion as
well as governance, in spite of obstacles or state-imposed constraints. The TDA also discusses the important
role of environmental education activities and public awareness campaigns in empowering people about
issues relevant to the protection of biodiversity, management of natural resources and sustainable
development opportunities.
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Introduction

1.1 LAKE BAIKAL AND ITS CATCHMENT BASIN

Lake Baikal, situated in south-east Siberia, is one oft h e wo r | whique lake I$ is a global hotspot of
aquatic biodiversity, harbouring an extraordinary variety of flora and fauna, including hundreds of endemic
species of amphipods, flatworms, and fish, as well as the only species of freshwater seal on earth. At
present, over 2,550 species are known from Lake Baikal, including 1,550 species of fauna and 1,000 plant
species (Timoshkin 2001) and numbers continue to increase as new species are being discovered (e.g.
Kaygorodova 2012; 2013).

Similar to Lake Tanganyika in East Africa, Lake Baikal lies in a geological rift zone that continues to extend

as a result of the divergence of continental plates. With an estimated age of between 25-30 million years,

and a maximum depth of 1,637 m, Lake Baikalisthe wor | dés ol dest and the deep
approximately 20% of the globally available surface freshwater. Lake Baikal is also famous for its water

clarity, which can reach up to 40 m.

In 2008, the Russian Government declared Lake Baikal to be one of the Seven Wonders of Russia. In 1996,

Lake Baikal was added to the UNESCO list of World Heritage Sites (UNESCO 1996°) , due to ités
natural phenomena, representing outstanding examples of ongoing ecological and biological processes in
evolution and development of freshwater ecosystems, and as a significant habitat for the conservation of
biodiversity. Furthermore, the Baikal region includes numerous historical, archaeological and cultural
monuments, several of which are traditionally considered sacred.

A total of 336 rivers flow into Lake Baikal with only one outlet, the Angara River. As a result, the residence
time of water in the lake is over 300 years. The largest tributary of Lake Baikal is the Selenga River, which
starts in Mongolia and contributes over 60% of annual inflow to the lake. In 1996, the delta of the Selenga
River was included on the list of Ramsar Wetlands of International Importance because of its significant role
as a habitat for flora and fauna, as well as its role in functioning as a water filter against pollution flowing into
the lake.

The water catchment of Lake Baikal is shared by the Russian Federation (Russia) and Mongolia®. The Baikal
Basin includes Lake Khovsgol, wh i cnh almost 750 d o It ihaed sc olua
surface freshwater. The basin includes numerous mountains, extensive boreal forests, tundra, and steppes

% The criteria of the World Heritage Convention on the basis of which Lake Baikal was selected are as follows:

vii. To contain superlative natural phenomena or areas of exceptional natural beauty and aesthetic importance.

viii. To be outstanding examples representing major stages of earth's history, including the record of life, significant
on-going geological processes in the development of landforms, or significant geomorphic or physiographic
features.

iv. To be outstanding examples representing significant on-going ecological and biological processes in the evolution
and development of terrestrial, fresh water, coastal and marine ecosystems and communities of plants and
animals.

v. To contain the most important and significant natural habitats for in-situ conservation of biological diversity,
including those containing threatened species of outstanding universal value from the point of view of science or
conservation. http://whc.unesco.org/en/criteria

% For a definition of the Baikal Basin, see section 1.4.
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with high scenic beauty and significant natural values. Due to the climatic and geologic differences in the
region, a great variety of plants and animal species is found.

Given the national, regional, and global significance of the biodiversity in the Baikal Basin, as well as the
ecosystem services provided by its aquatic and terrestrial systems, transboundary and international
cooperation for the protection and sustainable management of the basin is of vital importance.

1.2 NEED FOR ACTION

The biodiversity and the health of the aquatic and terrestrial ecosystems in Lake Baikal and its catchment
basin are increasingly threatened as a result of the impacts of a growing human population and its demands
on natural resources.

There is mounting evidence that global climate change is resulting in an increase of the air temperatures in
the region, and this is expected to result in the alteration of food-web structures and functioning of aquatic as
well as terrestrial ecosystems (Shimaraev et al. 2002; Moore et al. 2009). An increase in extreme weather
effects such as droughts and floods is expected to result in damage to ecosystems, as well as to
infrastructure and agricultural sectors, leading to economic losses.

Pollution from point and non-point sources causes significant threats to the health of ecosystems as well as
humans in the Baikal Basin. Unsustainable practices used in the mining industry has lead to a growing
amount of detrimental environmental impacts. Approximately 40% of the total forested area in the Baikal
basin has been reduced over the past 10 years as a result from tree felling and forest fires. Invasive species
are increasingly threatening biodiversity as well as productivity of rangelands, pastures and agricultural
areas.

As a consequence of the continued degradation of aquatic and terrestrial habitats in the Baikal Basin,
ecosystem services such as buffering and filtration of pollution and control of erosion, as well as
sustainability of water levels and micro-climates are increasingly at risk. As such, there is a clear need for
joint, transboundary support and action to ensure the protection of biodiversity and health of aquatic and
terrestrial ecosystems so that they can continue to provide critical services for future generations.

In recognition of the value of the natural resources for the people inhabiting the Baikal Basin, the
Governments of Mongolia and Russia signed several transboundary agreements. In 1995, the bilateral
AiProtection and Use of Transboundary Waterso was signe
1988. Both countries regularly share information, exchange visits, and have a scheme of cooperation in

place, in case of emergencies.

Various relevant projects and initiatives towards protection of biodiversity and sustainable management of
natural resources have taken place in both Mongolia and Russia. This includes a GEF-financed Biodiversity
Project that was implemented in Russia from 1996-2003, which resulted in the development of a Lake Baikal
Biodiversity Conservation Strategy, providing a political and institutional context for expanding Protected
Areas and developing watershed plans.

In spite of the agreements and cooperation between the two countries, and actions at the national level,
limited progress has been made towards achieving sustainable transboundary management of the basin. To
address the need for improved transboundary planning, cooperation and action, a hew project was initiated
on Integrated Natural Resource Management in the Baikal Basin Transboundary Ecosystem (UNDP-GEF
2011), which started its 4-year implementation phase in November 2011. The project is supported by UNDP
and the Governments of Mongolia and Russa, executed by UNOPS, and financed by the GEF with co-
financing from the Foundation for the Protection of Lake Baikal, the Coca-Cola Every Drop Matters program,
and UNESCO.

The project has the objective to spearhead integrated natural resource management of the Lake Baikal basin
including Lake Khovsgol, ensuring ecosystem resilience, and reduced water quality threats in the context of
sustainable economic development. The project has three primary components:

i Elaborating a strategic policy and planning framework.
i Strengthening institutional capacity for IWRM.

9 Demonstrating water quality and biodiversity mainstreaming practice, including groundwater monitoring
and protection.
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In accordance with GEF best practices for international waters projects, a preliminary transboundary
diagnostic analysis (TDA) was undertaken between 2008-2009. The present document represents an update
of the preliminary TDA, which will function as a basis for further strategic action planning.

1.3 PURPOSE OF THE TDA

The main purpose of the Transboundary Diagnostic Analysis (TDA) is to ensure that interventions for
sustainable development of shared water bodies are based on facts and informed decision making. The TDA
is a non-negotiated technical document that provides the factual basis for the formulation of a Strategic
Action Programme (SAP). The objective of the TDA is to provide a scientific and technical analysis on the
status and impacts of the environment. The TDA aims to:

1 Identify, quantify, and set priorities for environmental issues which are transboundary in nature.

1 Identify the immediate and root causes of these priority environmental issues.

1 Identify specific practices, sources, locations, and sectors of human activity associated with these priority
environmental issues and from which environmental degradation arises or threatens to arise.

The TDA is an element of an adaptive management strategy that enables the identification of transboundary
issues and their causes. It is intended as an ongoing process, which needs to be updated with periodic
reports as new information about the status of the transboundary basin emerges.

1.4 TDA-SAP PROCESS AND PRINCIPLES

The development of a TDA as well as a Strategic Action Programme (SAP) is recommended by the GEF as
a best practice for international waters projects®. The process of formulating a TDA requires detailed
analyses of environmental issues, which are subsequently prioritized according to their current or expected
severity and impact. Furthermore, the impacts of the environmental issues are assessed, possible causes
identified and, as far as possible, quantified or qualitatively justified.

The priority transboundary environmental issues are subject to the process of a causal chain analysis (CCA)
to determine their root causes, immediate and intermediate causes as well as sectoral activities associated
with the root causes. The main purpose of a CCA is to identify the most important root causes of each of
this priority problems in order to target them by appropriate policy measures and interventions for
remediation or mitigation. Furthermore, the CCA is an important basis for the design of the practical actions
that will be included in the SAP.

Components of a Causal Chain Analysis include:

9 Priority transboundary environmental problems or issues: Environmental issues as identified from
the studies and evaluations conducted during the TDA process, which are prioritised before the CCA.

T Immediate causes: Physical, biological or chemical variables that have a direct impact on a priority
environmental issue.

 Root causes: Key factors, trends, processes or institutions that: (a) influence a situation, issue, or
decision; and (b) propel the system forward, and determine the outcome of a scenario.

Institutional mapping and stakeholder analyses should be an integral component of the TDA. Another
important aspect of the TDA is a governance analysis, which identifies all the socio-economic, legal,
administrative, and political contexts or constraints relevant for the integrated management of the
transboundary water basin.

The preparation of a TDA can take place in a number of ways depending on the specific local situation, but it
should always involve both national as well as regional joint-fact finding initiatives.

The development of a SAP starts with a review of the priority transboundary issues, and their immediate and
root causes that have been identified in the TDA. The SAP has two main objectives: Firstly to identify policy
options and associated governance mechanisms in addressing priority transboundary issues, and secondly
to formulate appropriate mechanisms to implement priority interventions. The SAP is a negotiated policy
document that is endorsed at the highest levels of all relevant sectors.

* For background information see: http://manuals.iwlearn.net/tda-sap-methodology
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The SAP should establish clear priorities for action relating to reforms in policy, legal, institution or
investments. Furthermore, the SAP should enable the achievement of agreed regional objectives through
specific national actions. The priority transboundary issues that have been identified in the TDA are used for
the formulation of ecosystem quality objectives (EcoQOQOs), indicators for monitoring and evaluation, as well
as targets to define strategic program actions for mitigating the environmental problems. Specific,
guantifiable and time-constrained targets are then set for achieving the EcoQOs. Subsequently, specific
interventions are developed to realise the EcoQOs within the time frame designated.

1.5 METHODS USED FOR UPDATING THE TDA

As part of the preparation phase for the UNDP-supported, GEF-funded Project on Integrated Natural

Resource Management in the Baikal Transboundary Ecosystem, a preliminary TDAAJ oi nt Acti ons t o
PTS and Nutrients Pollution in Lake Baikal through integrated basin managementowas prepared in 2008 and

finalised in 2009. Because the preliminary document omitted key steps that are recommended according to

GEF best practices for international waters projects, a process was initiated to update the TDA.

The TDA updating process addressed the following issues:

1 Ensure that all key stakeholders have a shared understanding of the GEF TDA-SAP process.

1 Formulate a definition of the Baikal Basin, including boundaries and conditions for the focus of the TDA.

1 Revise the list of transboundary challenges for the protection of biodiversity and sustainable management
of natural resources in the Baikal Basin.

1 Prioritise the identified transboundary challenges for future strategic interventions.

1 Prepare a strategy to obtain missing data and information relevant to the completion of the TDA.

1 Elaborate a causal chain analysis (CCA) to ensure that root causes of the transboundary challenges are
well-understood, as well as their immediate and intermediate causes and the sectoral activities associated
with the root causes.

1 Complete an analysis of stakeholders relevant to the sustainable management of the Baikal Basin.

To coordinate and implement the updating process, a Scientific Advisory Group (SAG) was established,
comprising expert teams from Mongolia and Russia (Annex I). To ensure continuity, the SAG included
several of the experts who also participated in the drafting of the preliminary TDA. The SAG was supervised
by the Project Manager and an international consultant with expertise on the GEF TDA-SAP process. A two-
day regional workshop® was organised in September 2012 during which a short training course was provided
on the TDA-SAP process, transboundary challenges were revised and prioritised, and a causal chain
analysis was implemented (4.1.1 and Annex X).

The preparation phase for the Project on Integrated Natural Resource Management in the Baikal
Transboundary Ecosystem and the preliminary TDA both included analysis of stakeholders relevant to the
transboundary management of the Baikal Basin. During the process to update the TDA, an additional
stakeholder analysis was conducted as part of the CCA. The combined results of these analyses are
presented in this TDA.

During the period August 2012 i March 2013 the members of the SAG collected and analysed additional
data and information relevant to a range of topics, including pollution hotspots, biological invasions, and
climate change. With support from UNESCO, additional data was collected and analysed relevant to the
sustainable use of groundwater resources in the Baikal Basin. The new data is either integrated in this
document, or presented as Technical Annexes to the TDA. Additional technical reports will be annexed to
this document as they become available during further updating processes.

1.6 BOUNDARIES AND CONDITIONS OF THE TDA

The geographical area of this TDA focuses on the physical water catchment basin of Lake Baikal®, which
covers an area of c.a. 540,000 km? (Kozhov, 1963) in south-eastern Siberia and northern Mongolia (Figure
1.6.1).

®Fora report of the meeting, see: Marijnissen, S. (2012) Regional workshop on updating the Lake Baikal Basin

Transboundary Diagnostic Analysis, Ulan-Ude 18-19 September 2012. UNDP-GEF Project on Integrated Natural

Resource Management in the Baikal Transboundary Ecosystem report, 37 pp. including Annexes.

®The physical water catchment basin of Lake Bai kal is denoted
catchment basi no, foll owing the definition as outlined in this
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The Russian part of the Baikal Basin comprises three environmental impact zones:

4. The Central Ecological Zone: Lake Baikal and natural parks and reserves, which are located around the
lake.

5. The Buffer Environment Zone: Physical catchment area within Russia.

6. The Zone of Atmospheric Impact: Area immediately outside the physical catchment area to the west and
north-west of the lake.

The Baikal Basin exists at the junction between biogeographically distinct regions: Central Asian, Eastern
Asian, and European-Siberian. These regions consist of combinations of taiga, tundra, steppe and deserts.
Consequently, the Baikal Basin harbours extremely diverse communities of plants and animals (Kozhova
and lzmesteva, 1998).
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Figure 1.6.1: Map of Lake Baikal and its transboundary water catchment basin that is shared by Mongolia
and the Russian Federation.
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In terms of thematic scope, this TDA covers the Baikal Basin Transboundary Ecosystem’, which is defined
as the dynamic complex of plant, animal, human, and micro-organism communities as well as their non-living
aquatic and terrestrial environments, acting as a functional unit within the spatial boundaries determined by
the physical water catchment area of Lake Baikal, including Lake Baikal itself and parts of Mongolia as well
as parts of the Russian Federation.

The TDA promotes a holistic approach by addressing and integrating issues related to water-based as well
as land-based sources and activities that can affect the health of the aquatic and terrestrial components of
the Baikal Basin Transboundary Ecosystem. The main thematic areas of this TDA are therefore:

Degradation of aquatic and terrestrial habitats.
Changes of hydrological regimes.

Decline of water and soil quality.

Unsustainable fisheries and wildlife exploitation.
Biological invasions.

Climate change impacts (cross-cutting theme).
Natural disasters (cross-cutting theme).

NogakrwnE=

By identifying specific practices, sources, locations, and sectors of human activity associated with these
areas, the TDA offers opportunities to develop integrated, cross-sectoral interventions for the protection of
biodiversity and ecologically sustainable management of the natural resources in the Baikal Basin.

7According to the Convention on Biological Diversity,anecosyst em can be defined as AA dynami
animal and micro-organism communities and theirnon-l i vi ng environment interacting as a f
www.cbd.int/convention/articles/?a=cbd-02
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Description of the Lak
Baikal Basin

2.1 PHYSICAL CHARACTERISTICS

2.1.1 GEOGRAPHIC AND GEOMORPHOLOGICAL FEATURES

Lake Bai kal is the ol dest, deepest, and most vol umir
Lake Baikal basin is shared by two countries: Mongolia and Russia (Figure 1.6.1). The lake is situated at

4555 m asl between 51 A28' 1 55A47' North an Mondoltaoécdps 554% DfAtRe8 '  E
catchment area, whereas Russia occupies 44.6% (Buryatia 31.8%, Zabaikalsky Krai 10.2%, Irkutsk Oblast

2.2%, Republic of Tyva 0.4%)(E.J.Garmaev, 2010).

The Baikal Basin is situated in a tectonically active rift zone of over 2,000 km long. Lake Baikal itself is
estimated to have originated between 25-30 million years ago (Mats et al. 2000; Horiuchi et al. 2003) through
the divergence of the Eurasian Plate and Siberian platform to the west, and the Amur Plate to the east.

Bathymetric maps of the lake revealed that the lake is made up of three sub-basins (INTAS 2002). The
central basin has a maximum depth of 1,637 m (1,186.5 m below sea level), which makes Lake Baikal the
deepest lake in the world. The northern basin has a maximum depth of 904 m, the southern basin has a
maximum depth of 1461 m, and the mean depth is 744.4 m. With an estimated volume of 23,615.39 km?,

Lake Baikal contains appr oxi marfaceclfreshwatér% of t he wor | dos
Table 2.1.1: Characteristics of Lake Baikal compared to the African Rift Lakes
Lake Lake Lake Lake
Baikal Tanganyika Malawi Victoria
Estimated age (million years) 25-30 9-12 4.5-8.6 0.25-0.75
Maximum depth (m) 1,642 1,470 706 80
Mean depth (m) 744.4 570 264 40
Surface area (km?) 3,1722 32,600 29,500 68,870
Volume (km®) 23,615.39 18,880 7775 2760
Length of the lake (km) 636 670 569 412
Length of the shoreline® (km) 2,000 1,900 1,500 3,460
Catchment drainage area (km?) 542,672.2 223,000 100,500 193,000

Lake Baikal contains 22 islands. The | ar gareabf?&’Oixmz,an
making it one of the largest lacustrine islands in the world. Other significant islands are Boruchansky and
Izhilkhey. Main island groups in the lake are Bolshoi Ushkaniy®, Chayachiy, Listvianichny and Yarki.

® The total length of the shoreline varies with the fluctuation of the lake water level.
o Ushkaniy island is one of the important breeding grounds for the endemic freshwater seals of Lake Baikal.
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Figure 2.1.1.a: Shaman Rock on Ol kdédbhon |Island near Khuzir, con s
people, and one of the most iconic touristic images from Lake Baikal. Photo: Andrzej Barabasz

The Baikal Basin also includes Lake Khovsgol, which is situated 1,645 m asl in the northwest of Mongolia at
the foot of the Sayan mountain. With a maximum depth of 262 m, a surface area of 2760 km?, and a volume
of 380.7 km® (Tserensodnom Zh., 2000), Lake Khovsgol is the largest lake by water volume and second
largest by water surface area.

Figure 2.1.1.b: Lake Hovsgol, photo by Janchivdorj L.

As a result of its location in a tectonically active rift zone, the Baikal Basin is characterised by dramatic
mountain ranges (Figure 2.1.1.c). The western shoreline of Lake Baikal is rimmed by the Primorsky and
Baikalsky ranges, with a maximum height of 2,678 m. The Barguzinsky mountain range, with maximum
height of 2,840 m is found in the east, whereas the south-east and the south of the lake are rimmed by the
Khamar-Daban range.
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Figure 2.1.1.fy Map of the main mountain ranges in the Baikal Basin. Source: Wikipedia.com

The Baikal Basin furthermore includes the Yablonoviy mountain range, which runs north-east from Mongolia
into Russia, with a peak of 2,500 m. The Altay-Sayan mountain range is situated between north-western
Mongolia and southern Siberia, with a general elevation of 2,000-2,700 m. The highest peak in this mountain
range is the M°nkh Saridag, which has a height of
is the Otgontenger in the Khangai mountain range in Mongolia, which has a peak of 3,905 m.

The continued extension of the rift is associated with high seismic activity, and as a result, earthquakes are
common in the region (Radziminovitch 2006). Annually, more than 2,000 earthquake tremors are registered
by seismic stations in the Russian part of the Baikal Basin. In 1959, an earthquake with a magnitude of 9 on
the Richter scale caused displacements of 12-20 m at the bottom of Lake Baikal. The occurrence of
earthquakes in the region is being monitored closely. In 2001, monitoring data indicated that during a period
of 40 years over 110,000 earthquakes had taken pl

Another result of the fact that Lake Baikal is situated in an active rift system, is the occurrence of so-called
ficold seepso, vdreother fludedctivelyrescapa from the lake floor, forming mud volcanoes
(Granin and Granina 2002).

2.1.2 SURFACE WATER HYDROLOGY

Lake Baikal has only one outlet, the Angara River, which exits the lake in the west near Irkutsk. The Angara
River is 1,779 kilometers long and forms the headwater tributary of the Yenisei River, which flows into the
Arctic Ocean. Lake Baikal is predominantly fed by run-off from 336 rivers and streams. The largest
contributions come from the Selenga, Upper Angara, Barguzin, and Ruka Rivers. On average, 57.77 km?® of

river water is contributed annually to Lake Baikal, adding up to 82.4% o f the |l akeds tota
Precipitation contributes 13.2% to the | akeds arenugal

4.4%.

Table 2.1.2.a Average annual water balance of Lake Baikal (MNRE 2012).

Inflow km® Jyear Outflow km® lyear
Surface waters 57.77 Angara River 60.89
Precipitation 9.26 Evaporation 9.26
Groundwater 3.12

Total 70.15 Total 70.15
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The Selenga River (also called Selenge River in Mongolia) is the largest tributary to the Lake Baikal. The

river has a length of 1,024 km, of which 615 km in Mongolia and 409 km in Russia. The Selenga River ends

in a | arge delta of 680 h&lakein Republic bf 8uryata.sTheebasim covenssevens o f  t
provinces in Mongolia (Zavkhan, Khubsgul, Bulgan, Arkhangai, Uvurkhangai, Selenga, and Tuv), including

the capital Ulan Bator and two provinces in Russia (Republic of Buryatia and Zabaikalsky Krai).

The catchment of the Selenga River occupies 447,060 km?® (E.J.Garmaev, 2010), of which 299,690 km?

(67%) is located in Mongolia (Figure 2.1.2.a) and 147,370 (33%) in Russia (Janchivdorj L. Reason of the

drying of the Eg River and ecological degradation of Lake Hovsgol. Geoecological issues in Mongolia, # 8,

Ulaanbaatar 2009). The Selenga River contributes on average 29,2 km® water to Lake Baikal annually (E.J.

Garmaev, 2010), adding up to half the | ak eelSslengadiiver Hepasiiseverr i ne i n
3,5 million tons of sediment per year.

¥ -

M1:6000000

Figure 2.1.2.a: The Selenga River catchment basin in Mongolia.

The Selenga River is mainly fed by thawing water and precipitation, and starts at the confluence of the Ider
and Delgermurun Rivers in T © m®° r b Mdngolia,(Figure 2.1.2.b). The Ider River originates southeast of the
highest peak of the Khangai Mountain range in central Mongolia (4,301 m asl), whereas the Delgermurun
River originates in the Ulaan Taiga mountain range (2,616 m asl) close to the border of Russia.

The main tributaries of the Selenga River are the Orkhon, Tuul, and Eg River in Mongolia (Table 2.2.2.b),
and the Djida, Uda, Chikoy and Khilok Rivers in Russia. The Djida, Uda and Khilok Rivers flow through dry
steppe areas and only contribute very low volumes of water (0.0005- 0.002 m®/sec). The Orkhon River is the
largest tributary to the Selenga River. Its source is the sacred Suvraga Khairkhan mountain in the eastern
Khangai Mountain range, from where it flows northwards for 922 km before joining the Selenga River. The
Orkhon is the longest river in Mongolia, and it has a catchment area of 132,725 km?®.

Table 2.1.2.b  Characteristics of the Selenga River and its tributaries in Mongolia (Janchivdorj L. Reason of
the drying of the Eg River and ecological degradation of Lake Hovsgol. Geoecological issues in Mongolia, #
8, Ulaanbaatar 2009).

River Catchment area (km?) length (km)
Selenge 25,441 534
Ider 24,094 440
Chuluut 19,999 280
Delger 23,000 391

| 28 |




Hanui 14,890 338
Eg 42,200 453
Orkhon 132,725 922
Zelterin 5,477
Tsukh 11,864

Total: 299,690

The catchment basin of the Selenga River is predominantly mountainous, and the basin is characterized by
substantial differences in elevation. The Selenga basin includes Lake Khovsgol, which contains 75,1% of
Mongol i ads avail abl e s ubtakeakhasgdl has 86hribdaries and ondy e woutflowe, s
the Eg River, which joins the Selenga River. During flash floods, sediment inflow can create a natural dam in
the mouth of the Eg River. As a result, the water flow from the Eg River is sometimes blocked.

The volume of the Selenga River shows significant variation on an annual basis, and the difference between
low-flow and high water level can be as much as six meters. Large floods of the Selenga River occur on
average once in every ten years.

Figure 2.1.2.b: The origin of the Selenga River at the confluence Delger River and Ider River.

For most of the rivers in the Lake Baikal Basin, 80-90% of the annual run-off occurs during the summer, with
flow peaks from July to August. The majority of the rivers in the basin freezes during winter months from
around November to April. In Mongolia, rivers flow approximately 6 months, as a result of limited precipitation
and freezing during the winter. The uneven distribution of annual run-off, as well as the freezing and shallow
depths during the winter hampers economic utilization of the majority of the inflowing rivers in the Lake
Baikal Basin.

2.1.3 GROUNDWATER HYDROLOGY

Groundwater forms a significant component of the overall hydrological cycle®, and aquifers are important
hydrological units in watersheds and river basins. It plays an important environmental and socio-economic
role as a reservoir, and as a linkage between water systems. In nature, groundwater is a key element of
many geological and hydrochemical processes, and it plays a role as a geotechnical factor that conditions
soil and rock behaviour. Groundwater forms a valuable component of ecological systems that sustain spring
discharge and river basin flow, as well as lakes and wetlands.

Groundwater resources play an important role in supporting Russian and Mongolian households and
economic development. The majority of the urban and rural populations in the Baikal basin depend on

% Eor additional detailand information relevant to this section, see UNESCO (2013) Groundwater resource
assessment as a contribution to the TDA, including surface watemdwater interactions and groundwater
dependent ecosystem in the Baikal Basin, Preliminary Report, 20rye2QB, 72 pp. and Annek
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groundwater for domestic purposes. Groundwater resources are also important for supporting mining,
industrial and agricultural activities.

In Mongolia, 80% of the water supplies for domestic, industrial agricultural purposes are derived from
groundwater resources. The main cities are fully dependent on groundwater. In Russia, groundwater is used
mostly for domestic purposes and drinking water supplies. Mining industries also use groundwater, whereas
other industrial enterprises mainly use surface water.

The groundwater system in the Lake Baikal Basin is characterised by both deep and shallow circulation.
Deep groundwater flow occurs through tectonic activity that creates vertical passes and cleavages in the
rock environment. Tectonic structures allow rainwater to penetrate into great depths and form active
geothermal systems. The Baikal Basin also includes deep aquifer systems, which contain non-renewable
fossil water. Shallow groundwater circulation occurs through topsoil and permeable river sediments that are
widely developed in the Baikal basin. This type of groundwater is most sensitive and vulnerable to the
human impacts and pollution. The main source of groundwater recharge is influx from mountains and
precipitations. Discharge of river water into shallow aquifers also occurs in many parts of the Baikal Basin.

Groundwater is naturally discharged via springs and natural watercourses (rivers, streams, lakes), or by
man-made facilities (wells, galleries). The discharge rates of groundwater depend on the type of rocks and
their permeability. For instance, karst formations in the Baikal Basin can discharge groundwater in wet
seasons up to 200 l/sec. However, the yields of karst springs can fluctuate substantially. Discharge from
sandstones is lower (tens of I/sec.) but is more stable. Discharge from granite and other hard rocks varies
mostly between 0.517T3 | /sec. However, yield of wel
rocks may reach several tens of I/sec.

In the Mongolian part of the Selenge River Basin, two groundwater units have been identified according to
geological conditions and tectonic structure: i) Northern Mongolia, and ii) Mongolia T Transbaikal unit. Both
are affected by the deep tectonic faults of Tamir and Bayangol. A variety of unconsolidated deposits and
hard rock formations contain significant resources of groundwater.

Shallow aquifers in alluvial deposits composed by porous sands and gravels are often hydrologically
connected to surface streams or rivers. Highly productive shallow aquifers with abundant groundwater
resources exist in the fluvial deposits of Selenge, Tuul and Orkhon, as well as other rivers. They are used as
a main source of drinking water supplies for major cities in Mongolia including Ulaanbaatar, which is the
largest consumer of groundwater resources in Mongolia, as well as in Erdenet, Darkhan, Murun, Sukhbatar,
Tsetserleg, and Zuunkharaa cities.

Groundwater is also stored in continuous permafrost deposits. In the high plateaus of the Khovsgol, Khangai
and Khentii mountains in Mongolia, the permafrost deposits are particularly widely developed, and can reach
a thickness of 200-500 m. Continuous and non-continuous permafrost islands with a thickness ranging from
15-25 or 50-100 m are spread accross the Khangai mountain zone and small river valleys. In the major part
of the Russian territory of the Baikal Basin mostly fragmented permafrost occurs. However, continuous
frozen grounds can be found in the southern and northeast flanks of intermountain basins (East Sayan
Mountains, Barguzin, and Severomuyski). Groundwater in permafrost deposits can be either in frozen or
liquid form, and is mostly used as water supply for small rural settlements and for pasture livestock.

Three areas with significant groundwater resources have been identified in the Russian part of the Lake
Baikal basin: i) the eastern part of the Lena-Kirenga Basin; ii) the Baikal Rift zone, and iii) Trans-Baikalia. In
each of these areas there are different hydrogeological conditions, depending on their geological and
tectonic features. The groundwater basins in the Baikal Rift zone contain significant groundwater resources
in aquifers in intermountain deep, asymmetric depressions filled by unconsolidated sediments. Basins
composed by Pre-Cambrian crystalline rocks can be found between 3,000-5,000 m below ground. The main
groundwater resources in Russian part of Baikal Basin are found in artesian basins in inter-mountainous
areas, and in shallow aquifers in fluvial deposits in the valleys of large rivers. The shallow aquifers in
Selenge River fluvial deposits provide groundwater for Ulan-Ude city, which is home to about half of the
population of the Republic of Buryatia, and consumes most of the groundwater resources that are presently
being extracted.
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2.1.4 CLIMATIC CONDITIONS

The Baikal Basin is situated near the centre of the Asian continent, and as such characterized by a
pronounced continental climate with very cold winters (dominated by anticyclones centred over Siberia), cool

to hot summers, large annual and diurnal ranges in temperature, and generally scanty precipitation. The

di fference between the mean temperatures of January .
of as mu c banacsuriBasihdle day.

Lake Baikal itself functions as a large thermo-stabilizator, due to the fact that water masses accumulate
much heat and are warmed during the summer to depths of 200-250 m. The average annual temperature of

the | akeoateriswdrNua.cel nw t he -shanerwater temperatara can reach +1 7 A 4 | and uj
+23 Ad i n s h Winterdempemiargssare significantly warmer and summer temperatures are cooler
around the coast of Lake Baikal than in the rest of the Siberian territory. For instance, there is typically a
100C difference in temperature between |l ocations <cl o

west of the lake.

Lake Baikal freezes every year, for a period of almost five months (Figure 2.1.4.a). The lake is gradually
covered with ice from the north to the south, starting in late October when shallow bays freeze, until the
entire lake is frozen in the middle of winter (around the first two weeks of January). In the winter, the ice is
about 1 m thick. When the temperatures decline, ice compresses at night and subsequently tears into
separate fields following thermal patterns. As the temperatures increase, the ice expands, pressure emerges
on cracks, and hummocks are formed. Around April 25-30 the ice typically starts to break open near the
Bolshoi Kadilny Cape, as a result of increasing air temperatures and deep warm waters being brought to the
surface by lake currents. The northern part of the lake is normally the last to be cleared of ice, around the
first two weeks of June.

Figure 2.1.4.a: Lake Baikal during the winter, when the lake is frozen over. The ice can reach a thickness of
about 1 meter. Photo: Daniil.

Lake Baikal is well-known for being one of the roughest lakes in the world, with waves that can reach over 6
m. Maximum wind speeds are recorded in April, May and November, whereas minimum wind speeds occur
in February and July. The diversity of prevailing wind patterns in Lake Baikal is reflected in the fact that over
30 local names exist for different types of wind. For instance, the Gornaya is a western and north-western
mountainous wind that picks up suddenly and very quickly becomes very strong. The most powerful wind is
the Sarma, which is a variety of the Gornaya and reaches speeds of up to 40 m/sec.

The air temperature above Lake Baikal is influenced by the temperature of the underlying water surface and
follows its isotherms curves. Throughout the year the average air temperature over the surface of Lake )
Baikal in the open waters changesfrom-2 1 AC i n winter to +152ACAG nt os utineAC
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coastal areas. The water temperature of the coast is influenced by the shallow delta areas of the Selenga, )
Barguzin, and Upper Angara Rivers, which reach +22AC du1

Precipitation as rain, snow, or air condensation forms the second most important contribution to the water
balance of Lake Baikal after river runoff. On average, 9.26 km® of precipitation (294 mm) contributes 13.2%
to the annual water balance of the lake.

Precipitation patterns in the catchment basin of Lake Baikal are highly unevenly distributed. The following
five areas can be distinguished in the Baikal Basin based on their average annual precipitation patterns:

1 South-Western near-Baikal (from the Angara River to the Pokoyniki River): 475 mm.
9 Northern-Baikal (north from the Pokoyniki and Turka Rivers): 700 mm.

i Khamar-Dabansky: 1,145 mm

i Chikoy taiga: 555 mm.

i Selenginskaya Dauria (SRB without Chikoy taiga): 420 mm.

Ol 6khon | sl and dthe ndarhykTazheBaaskyksteppes between Lake Baikal in the east and the
Primorsky mountain range in the west receive the overall lowest amount of precipitation, with an annual
average of 164 mm.

Precipitation in the Mongolian part of the Baikal Basin increases with elevation and latitude. Precipitation
patterns are highly variable in amount and timing, and fluctuate considerably from year to year. Maximum
rainfall occurs during the summer months, and varies from 300-500 mm in the mountains to 50-100 mm in
arid zones. The Orkhon-Selenga Basin receives about 250-300 mm of precipitation annually. At the same
time a high evaporating capacity is characteristic of all regions of Mongolia. In some regions, and in some
years, the evaporation exceeds the precipitation. In the highland regions the volume of precipitation and
amounts to 500 mm/year, in the forest-steppe evaporation amounts to 550-700 mm, evaporation from the
water surface - 550-700 mm, in the steppe i 650-750 mm, and in the desert areas it amounts to 800-1000
mm (MARCC 2009).

Data collected for over 70 years in Mongolia revealed that precipitation follows a pattern of wet and dry
cycles that reaches a maximum every 13-16 years (Figure 2.1.4.b). Wet cycle years occurred between 1970-
1990, resulting in an increase of floods. A dryer cycle was observed from 1998-2008, with less precipitation
and as a result a significant decrease in the number of floods.

"
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Figure 2.1.4.b: Precipitation patterns in the Selenga River Basin (Ulaanbaataar).

There is mounting evidence that global climate change is increasingly impacting the Baikal Basin.
Environmental warming in Siberia has surpassed estimates of temperature increases elsewhere (Serreze et

al. 2000, Shimaraev et al. 2002). The average air temperaturein Mongol i a has i ncreased wit
the past 60 years (Ma et al. 2003). The surface water temperatures of Lake Baikal have increased with
1.21UC since 1946 (Hampton et al. 200 8)-term €ffedssor bothh ang e s

terrestrial and aquatic ecosystems and their services in the Baikal Basin (see Chapter 4.7).
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2.2 BIODIVERSITY AND NATURAL RESOURCES

2.2.1 TERRESTRIAL HABITATS AND BIODIVERSITY

I n total, the Bai kal Basin encompas s e scticlpartoof thetAgian e c o
continent (Figure 2.2.1.a). This diversity is the combined result of: i) the location of the basin at the junction

of three biogeographically distinct regions, namely the Central Asian, Eastern Asian, and European-Siberian

region; ii) climatic variation across latitudes and longitudes; iii) the existence of multiple mountain ranges with
large differences in altitude. Main ecosyst @wgaest ypes
steppes™, as wel |l as r i v etem tgped carab@ $urther Mubidimidedk acamrsliggsto climatic
variables (Figure 2.2.1, Table 2.2.1.a).

In general, landscapes at high altitudes of over 1,800 m asl are dominated by mountain tundra. Alpine
forests, and Siberian cedar forests in the lower regions of these high altitudes. Mid-elevation landscapes
between 1,200-1,800 m asl are characterised by coniferous forests and cedar groves. Low-mountain
landscapes between 600-1,200 m asl are dominated mostly by conifers, cedar and larch, pines, and mixed
taiga habitats. The low plains are characterised by forest, steppe and march landscapes.

The Iandscaj)es in the Baikal Basin also include three areas that have been assigned as important Global
Ecoregions™ for the conservation of biodiversity: the Siberia Taiga (Russian part of the basin), Altai-Sayan
(shared by Mongolia, Russia, China and Kazakhstan) and the Daurian Steppe Ecoregion (shared by
Mongolia, Russia, and China).

Table 2.2.1.a Terrestrial ecosystems in the Selenga River Basin (Gunin et al. 2012),

tGyrpoeuSps of ecosystem Ecosystem types Area in Mongolia (%) | Areain Russia (%)

Automorphic and Nival-golets™ 3.63 0.9

polyhydromorphic Mountain-tundra-grassland 5.46 1.32

natural Sub-golets 3.55 5.53
North-taiga 9.20 11.81
Mid-taiga 12.95 22.04
South-taiga 13.50 16.63
Forest-steppe 30.69 5.64
Moderate dry steppe 0.69 1.69

" Tundra landscapes are characterised by extremely cold climates, low biotic diversity, simple vegetation structures, and
absence of trees.

!2 Taiga landscapes are characterised by coniferous forests, which consist mostly of pines, spruces and larches.

13 Steppe landscapes are characterised by grassland plains that are mostly without trees.

14 Global Ecoregion is a concept that was developed by WWF and global experts to rank habitats according to their
importance for biodiversity conservation. See: wwf.panda.org/about_our_earth/ecoregions/about

!5 Golets are bold rocks in the landscape. The nival zone is characterised by vegetation that lives on rocks and gravel,
with a few scattered areas of continuous meadow.
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Dry steppe 7.46 5.73
Hydromorphic natural High-mountain and forest 7.79 8.42

Forest-steppe and steppe 1.17 15.19
Anthropogenic Arable and abandoned 2.50 3.12

Urbanized 1.39 1.98
Total area 100 100

As a result of the diversity in ecosystems and habitats, the Baikal Basin harbours a wide diversity of flora and
fauna species (Table 2.2.1.b), including numerous rare and endangered species (Table 2.2.1.c). In total, 129
species of animals, and 121 species of plants in the Baikal Basin are listed as protected in the Red Books of
Russia and Mongolia (of which 51 animal and 75 plant species in Mongolia).

Figure 2.2.1.a: Ecosystem groups in the Baikal Basin. | high mountains wilderness and glades; I
mountains forests with larch (Larix sibirica, Larix dahurica gmelinii); Il mountains forests with cembra pine
(Pinus sibirica) and fir (Abies sibirica); IV forest with pine (Pinus silvestris); V forest-steppe; VI middle high
mountains steppe; VII plain or valley steppe; VIII rivers glades; IX special natural protected areas.
(Kalikhman 2011).

The highest levels of biodiversity are found in the forested areas in the Baikal Basin. In general, Mongolia
has a relatively low forest cover and most of its forests are located in the northern parts of the country on the
transition zone between the Great Siberian boreal forest and the Central Asian steppe deserts. A large part
of Mongoliabs f or e sBaikal Basin ahdofan trapsboundaryt ehosystents that are shared
with Russia.
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Table 2.2.1.b  Numbers of species of terrestrial flora and fauna in the Mongolian and Russian parts of the
Baikal Basin.

Mongolia Russia Total Baikal Basin

Mammals 70 108 178

Birds 415 400 815
Reptiles and amphibians 12 20 32

Insects (Coleopterous beetles) 3,500
Vascular plants 2,010™ 2,000’ 4,010
Muscoids 380 -

Lichens 450 -

As the southernmost extension of the east Siberian taiga, the forests consist mainly of Siberian Larch (Larix
sibirica) and Siberian Pine (Pinus sibirica), as well as plenty mosses and lichens. Ungulates typical of
Eurasian forests are found here, including Musk Deer (Moschus moschiferus), Elk (Alces alces), Roe Deer
(Capreolus pugargus), and Reindeer (Rangifer tarandus). Forest predators include the grey wolf (Canis
lupus), brown bear (Ursus arctos), wolverine (Gulo gulo), and Eurasiona lynx (Felis lynx). Typical birds of
these forests include great grey owl (Strix nebulosa), boreal owl (Aegolius funereus), black-billed capercaillie
(Tetrao parvirostris) and pine grosbeak (Pinicola enucleator). At lower altitudes, a high degree of biodiversity
occurs in areas where the taiga forest meets the steppes. Here mixed conifer and broadleaf forests
intermingle with lush grasslands, and the fauna includes species characteristic of both taiga and steppe
(Batsukh 2004).

The Altai-Sayan Ecoregion between north-western Mongolia and southern Siberia (Figure 2.2.1.b) is one of
the most diverse terrestrial landscapes in the Baikal Basin. It includes a mosaic of coniferous forests, tundra,
taiga, forests, semi-desert, intermontane steppes, alpine meadows, rivers, flood plains, and salty marches,
and harbours a diversity of wildlife (Onon et al 2004). The conservation of the Altai-Sayan Ecoregion and its
biodiversity is of global significance, and offers opportunities to protect ecosystems that are still relatively
intact.

Figure 2.2.1.b: The picturesque beauty of the Sayan Mountain range in the north of Lake Khovsgol.

The Altai-Sayan fauna includes a number of rare and endangered wildlife species such as snow leopard
(Uncia uncia), wild sheep or argal (Ovis ammon), Siberian ibex (Capra sibirica), Mongolian saiga (Saiga
tatarica mongolica), musk deer (Moschus moschiferus) , Pal | as 6 Eelistmaruly, blavla tailad
gazelle (Gazelle subgutturosa), wild boar (Sus scrofa nigipes), stone martin (Martes foina), marbled polecat

'8 This includes 95 families and 476 genera of vascular plants. In total, 37 species of plants are endemic.
Y This includes 100 families and 600 genera of vascular plants. In total, 180 species of plants are endemic.




(Vormela peregusna), Altai-Sayan subspecies of the reindeer (Rangifer tarandus), and elk or European red
deer (Cervus elaphus).

The Altai-Sayan furthermore harbours a number of rare and endangered birds, including the snowcock or
Altain ular (Tetraogallus altaicus), cenereous vulture (Aegypius monachus), golden eagle (Aquila
chrysaetos), lammergeyer (Gypaetus barbatus) , spoonbills (Platalea Leucorodia), Dalmatian pelican
(Pelecanus crispus), great white egrets (Egretta alba), whooper swans (Cygnus cygnus), great blackheaded
gulls (Larus ichthyatus), black Storks (Ciconia nigra) and swan goose (Anser cygnoides).

Other important species that are found in the Baikal Basin and are listed as rare and endangered include the
bighorn (Ovis nivicola), Siberian moose (Alces alces pfizenmayeri), Przewalski horse (Equus przewalskii),
zeren (Procapra gutturosa), Daurian hedgehog (Erinaceus dauricus), red dog (Cuon alpinus), East Siberian
brown bear (Ursus arctos), river otter (Lutra lutra), Mongolian beaver (Castor fiber), Mongolian marmot
(Marmota sibirica) , and t he PHapbHediand col uber (

Rare and endangered birds in the Baikal Basin include the red-throated diver (Gavia stellata), swan goose
(Cygnopsis cygnoides), Gray goose (Anser anser), lesser white-fronted goose (A. erythropus), the taiga
subspecies of the bean goose (A. fabalis), the bar-headed goose (Eulabeia indica), Baikal teal duck (Anas
formosa), common crane (Grus grus), white-naped crane (G. vipio), white crane (G. Leucogeranus),
demoiselle crane (Anthropoidos virgo), common bastard (Otis tarda), greater spotted eagle (Aguila clanga),
fish hawk (Pandion haliaetus), saker falcon (Falco cherrug), relic gull (Larus relictus), black tern (Chilodonis
niger), whiskered tern (Ch. hybridus), little tern (Sterna albifrons), Caspian tern (Hydroprogne caspia), and
the common eagle-ow! (Bubo bubo).

Table 2.2.1.c Numbers of rare and endangered species in northern Mongolia and Buryatia, Russia.
(Gunin et al. 2012).

Type Buryatia, Russia Mongolia

Mammals 25 10
Birds 70 21
Reptiles 4 0
Amphibians 3 2
Fish 5 3
Insects 22 14
Molluscs 0 1
Fauna (total)* 129 51
Vascular plants 115 55
Bryophytes 0 2
Algae 0 4
Lichens 6 9
Mushrooms 0 5
Flora (total)* 212 75

*Note that some of the species listed in the Red Book of Buryatia are absent in the Red Book of Mongolia, and vice versa

2.2.2 WETLAND HABITATS AND BIODIVERSITY

The Baikal Basin encompasses numerous delta areas as well as marshlands and swamps, including in the
upper reaches of the Selenga, Orkhon, and Tuul Rivers. Wetland functions are extremely important because
they provide a multitude of ecosystem services:

9 Accumulate and maintain fresh water supplies.

9 Regulate surface groundwater runoff.

T Maintain groundwater levels.

91 Purify water and act as a filter against pollutants and suspended substances.
9 Produce and emit oxygen to the atmosphere.

1 Act as a stock and reserve of atmospheric carbon.

i Stabilize microclimate conditions, especially precipitation and temperature.

9 Slow down erosion and stabilize coastlines.

9 Present high levels of primary ecosystem production.

9 Support high levels of floral and faunal biodiversity.
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| Serve as a habitat for many species of plants and animals, including rare and economically important
species.

Wetlands in the Baikal Basin provide habitats for threatened migratory bird species such as the relict gull
(Ichthyaetus relictus), swan goose (Anser cygnoides), and white-naped crane (Grus vipio).

The main wetland area in the basin is formed by the 6 8 0  #elta) of the Selenga River. The Selenga Delta
is included on the list of Ramsar Wetlands of International Importance, plays a significant role as a habitat for
flora and fauna, as well as its role in functioning as a water filter against pollution flowing into the lake. The
delta serves as a habitat for over 170 seasonally migrating bird species, and a nesting site for over 110 bird
species. Furthermore, 31 rare and endangered animal species are found in the delta, which are listed in the
Red Data Book of Buryatia (2005).

The water of the Selenga delta is inhabited by 27 fish species, including pike, nerfling, dace, bream, roach,
Siberian spiny loach, river perch, eelpout, Baikal omul, and white Baikal grayling. The Amur carp, bream,
Amur catfish and Amur sleeper are also found in the Selenga River Delta. They have been introduced to
river systems in the region and they are not native to the Baikal Basin.

The benthic microfauna in the delta is numerically dominated by oligochaetes, chironomids, and amphipods.
Dominant insects in the delta are dayflies, stone flies, dragonflies, caddis flies, beetles, bugs, ticks, and
biting midges. Gastropoda are also found in the delta, including two species of swan mussel.

Over 700 species of plants are found in the delta, including algae, 520 species of moss, and 190 species of
vascular plants. This includes 44 rare and endangered plant species, listed in the Red Data Books of
Buryatia (2002) and the Russian Federation (1988). The main macroalgae in the benthic area of the delta
are Oedogonium sp. ster. And Cladophora fracta. A recent study on benthic habitats and ecosystem health
in the Selenga River Delta done in the framework of this TDA found 22 species of algae, including 8 species
that are new to science and remain to be described (Annex IlI).

2.2.3 RIVERINE HABITATS AND BIODIVERSITY

The Baikal Basin includes hundreds of rivers and streams, which are characterized by predominantly pebble
riverbeds, sometimes alternated with pebble-sandy or slimy-sandy substrates. Floral and faunal diversity of
riverine habitats is generally low, and has not been intensively studied.

The riverine flora in the Russian part of the Lake Baikal Basin encompasses a total of 140 species, including
77 semi-aquatic species and 63 aquatic plant species. The most diverse families are the Poaceae (12
species), Potamogetonaceae (11 species), Polygonaceae (9 species), Asteraceae (8 species), Cyperaceae
(6 species), and Ranunculaceae (5 species).

Riverine plankton communities typically include three main groups (in order of dominance): bacterial
plankton, phytoplankton and heterotrophic flagellates. Total plankton biomass in Mongolian rivers was
estimated to be between 182 and 591 mg C/I.

In the SRB, 219 species of zooplankton have been found, including 63 species of Cladocera, 16 species of
Calanoida, 23 species of Cyclopoida and 117 species of Rotatoria. The majority of these zooplankton
species are also found in other water bodies in the Baikal Basin. Seventy six species of macro-zoobenthos
have been described from lakes within the Selenga and Tuul River Basins in Mongolia.

The species diversity of fish depends on the size and hydrological features of the river. Shallow, rapid rivers
up to 10 km long are generally populated by grayling, minnow, spotted sculpin and Siberian loach. Small
rivers up to 50-80 km long, include grayling, minnow, spotted sculpin, Siberian loach, lenok, taimen, burbot,
and dace. Rivers over 80 km long typically harbour over 15 species, predominantly made up of Cyprinids.
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2.2.4 AQUATIC HABITATS AND BIODIVERSITY IN LAKE BAIKAL

Lake Baikal is famous for its outstanding diversity of aquatic species of flora and fauna. At present, over

2,550 species are known from Lake Baikal, including 1,550 species of fauna and 1,000 plant species

(Timoshkin 2001) and numbers continue to increase as new species are being discovered (e.g.
Kaygorodova 2012; 2013) . I n compari s ol My)tshcenddeepedtd 6 s sec
(max. depth 1.47 km) Lake Tanganyika harbours over 1,500 species.

The levels of endemicity in Lake Baikal are extraordinary. In total, 40% of plants and 85% of animal species
are found nowhere else on earth. The origin of the diversity of species in Lake Baikal has been the subject of
many studies. With the development of increasingly improved molecular techniques, the phylogenetic and
evolutionary processes that shaped the diversity in ancient lakes including Baikal as well as Tanganyika and
Malawi are now beginning to emerge (e.g. Martens 1997, Sherbakov 1999, Kontula et al. 2000, Kornfield
and Smith 2000).

It is generally accepted among evolutionary biologists that the outstanding diversity and endemicity in
ancient lakes is the combined result of their longevity, water clarity, and diversity of aquatic habitats. Lake
Baikal has exceptionally clear water, which can reach Secchi depths of 20-40 m (Hampton et al., 2008),
although some shallow areas near river deltas have Secchi depths as low as 112 m (Kozhova and
Izmest'eva, 1998). In contrast to Lake Tanganyika, where oxygen only reaches the upper 200-150 m as a
result of temperature-induced stratification, the water in Lake Baikal is oxygenated throughout the water
column (Kozhova and Silow, 1998), allowing fauna in the lake to inhabit substrates at over 1000 m depth.

Table 2.2.4.a Summary of diversity and endemicity in the main taxonomic groups found in Lake Baikal.

Taxon Family/Genus Endemic % Endemism
Species/Subspecies

Mammalia Pennipedia 1 100
Osteichthyes Cottidae 33 97
Osteichthyes Coregonidae 2 100
Amphipoda Gammaridae > 259 >99
Copepoda Canthocamptidae 35 81
Gastropoda Baikaliidae 37 100
Tricladida Dendrocoelidae 40 100
Bacillariophyta Cyclotella 3 75

The substrate in Lake Baikal alternates between rocks, pebbles, sand and mud, providing a variety of
habitats. The lake also harbours unique underwater reefs of living sponges that filter bacteria and algae from
the water, and provide a habitat for a diversity of fish, crustaceans, molluscs, and other invertebrates.
Hydrothermal vents are found at a depth of about 400 meters and provide a habitat for sponges, bacterial
mats, snails, transparent shrimp, and fish.

With the exception of the partially closed shallow bays in some of the eastern shores of Lake Baikal, higher
plants are essentially absent from the open littoral region. Exceptions are Elodea Canadensis, which was
introduced into the lake in the 1950s, as well as the cosmopolitan plants Myriophyllum and Potamogeton
spp-, which can be locally common in sheltered areas along the shore.

Benthic algae occur throughout the littoral zone, especially in rocky habitats. The upper 20 cm of the littoral
are dominated by Ultothrix, Tetmspora, and Draparnaldioides species. Benthic macroalgae including
Cladophora and Draparnaldioides species, together with green cushions of Aegagrophila extend to over 30
m depth. With the exception of Ulothrix, all these genera include endemic species.

Lake Baikal contains over 400 taxa of diatoms (Badllariophyta), of which over 50% is endemic (Flower 1993,
Pomazkina and Votyakova 1993, Shcherbakova et al 1998). The most common planktonic diatoms in the
lake are dominated by the endemic Aulacosdra baicalensis and Cyclotella minuta. Diatoms are ubiquitous
siliceous microalgae that are often used as important indicators of water quality. Because their siliceous
remains (frustules) are typically well preserved in sediments, and can provide a record of past changes in
environmental conditions as well as past species diversity (e.g Mackay et al. 2006).
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The littoral areas between 15-20 m are characterised by the highest levels of zoobenthic productivity.
Dominant groups in rocky habitats are amphipods, molluscs, caddis flies and chironomids. Zoobenthos
biomass in these habitats can reach 20-50 g/m?.

Sandy littoral habitats harbour lower levels of biomass, with a maximum of 20 g/m2 in the deeper areas
between 15-20 m, and approximately 1-3 g/m’ in shallow near-shore areas. Oligochaetes and amphipods
constitute the bulk of zoobenthic biomass in these habitats. The Selenga shoal is one of the most productive
shallow sandy habitats of Lake Baikal, which is related to the large amounts of organic matter that are
deposited by the Selenga River.

Littoral habitats often harbour larvae of insects, mainly belonging to the Pkcoptera, Trichopetera and the
Chironomidae. Plecoptera and Trichopetera do not live below 20 m, whereas Chironomidae can be found at
great depths. In total, 135 species and larval forms of chironomids are found in Lake Baikal (Representatives
of the Sergentia genus have formed a diverse subgroup of endemic chironomid species (Proviz 2000).
Endemic Trichoptera are famous for their mass abundance after the ice breaks, usually in June. Freshly
emerged species of Baicalina, and to a lesser extent of Apatania, can form 10 cm thick living caddis fly
carpets near the lake shore.

Thus far, 180 species of molluscs have been described in Lake Baikal and adjacent water bodies, of which
117 are endemic (Kozhov 1936, Starobogatov and Sitnikova 1990, Sitnikova 2006). The majority of mollusc
species diversity in Lake Baikal is found within the Gastropoda. In total, 15 species of gastropods has been
found in deep water (>200 m depth), mainly in the genus Benedictia. Littoral gastropods are numerous, often
dominated by endemic taxa within the families Acroloxidae and Planorbidae. Overall gastropod diversity is
highest in the littoral zone between 5-20 m (Sitnikova 2006).

The crustacean fauna of Lake Baikal encompasses high levels of species diversity and endemicity,
particularly among ostracods, copepods and amphipods. The ostracods are very diverse, and includes
approximately 200 species with over 90 per cent endemicity (Martens et al 2008). Planktonic copepods are
not very diverse, but they can occur in great numbers. The endemic copepod Epischura baikalensis® (Sars
1900) constitutes 80-90% of the total zooplankton biomass throughout most of the year, and it is a key
species in the food webs of the lake (Penkova 1997). Benthic cope-pods (Harpacticoidea and Cyclopoidea)
are diverse, and also largely endemic. More than 120 species are known, and new species continue to be
described (Boxshall et al., 1993)

Sponges are mainly found in the shallower littoral zones, as they harbour zoochlorellae that require light. The
best known sponges from Lake Baikal are the endemic Lubomirskia baicalensis, which can form vivid green
branches rising up 70 cm from rocky substrates, and species of Baicalospongia, which form large crusts over
stones.

Annelid worms are also well represented in Baikal with over 200 species, of which about 75 per cent are
endemic. One of the most unusual species is the endemic tube-dwelling polychaete Manayunkia baicalensis.
Oligochaetes achieve high densities of up to 20,000 individuals m? (Kozhova and Izmesteva, 1998) on silty
bottoms with plenty of food. They extend to the deepest depths of the lake, but in the oligotrophic abyssal
zones their population densities are low.

Free-living Platyhelminthes (flat worms) or turbellarians include over 80 species. Endemic species flocks
have been described in the Letithoepithdiata, Tridadida, and Proktithophora (Timoshkin 1994). The
flatworms express a variety of shapes and colours. One of the most remarkable flatworms is Baikaloplana
valida, which occurs in deep water and can reach a length of 30 cm.

The Baikal amphipods are well-known among evolutionary biologists for their remarkable morphological
diversity (Figure 2.2.4.a). Macrohectopus branickii (DYB.) is adapted to the open-water pelagic zone, and it
is the dominant invertebrate zooplanktivore in the lake. Its average biomass in the upper 50 meters reaches
6-24 g/m2 during its peak population density between August-September. Several deep-water species of
amphipods exist, including Hyakllopsis spp. that occur in deep-water sediments. In shallower waters,
armoured gammarid amphipods are common. The largest of these is the carnivorous Acanthogammarus
maximus (up to 70 mm in length). Some of the amphipod species occupy very specialized niches. For
example, Spinocanthus spp. is adapted to graze on the surface of sponges. In the upper littoral zone smaller
gammarid species can be found. This includes less specialized species, such as Gamdinoides fasdatus,

18 Epischura baikalensis is listed as vulnerable on the IUCN Red List of Threatened Species (Reid 1997).




which has colonized rivers and lakes around Baikal. Amphipods can be very abundant in the upper littoral
zone, were densities of up to 30,000 individuals per m? have been found (Kozhov 1963).

a Hyalellopsis carpentai Dyb. (30 mm) ¢ Macrohectopus branickii Dyb. (35 mm)

d Hyalellopsis costata Sow,
(10 mm)

Figure 2.2.4.a: Examples of morphological diversity in La k e Bai kal 6s endemi @)
Hyalellopsis carpenteri Dyb. (30 mm), (b) Acanthogammarus maximus Garjajew (70 mm), (c) Macrohectopus
branickii Dyb. (35 mm), (d) Hyalellopsis costata Sow. (10 mm). Figures in parentheses are maximum
lengths. After Kozhova and Izmesteva (1998)

Other major groups include the Nematoda, Protozoa, and Rotifera and these are all species-rich (Kozhova
and Izmesteva, 1998). The classification and taxonomy of these groups largely remains to be done, and
opinions differ on their reported degrees of endemism.

One of the most famous species from Lake Baikal is the endemic freshwater seal Pusa sibirica (Figure
2.2.4.b). The Baikal seal, or nerpa, together with the Saimaa ringed seal (Pusa hispida saimensis) and the
Ladoga seal (Pusa hispida ladogensis) are the only exclusively freshwater pinniped species in the world
(Reeves et al. 2002). Similar to the Caspian Seal, the Baikal seal is related to the Arctic ringed seal. Female
Baikal seals reach sexual maturity around 3-6 years of age, whereas males reach it around 4-7 years. The
Ushkanyi Islands are among the most important breeding grounds of the seal. The Baikal seal is classified
as requiring special attention and enhanced protection measures. A population estimate conducted in 2000
indicated that approximately 55,000-65,000 seals remain in Lake Baikal (Schofield 2001).

Figure 2.2.4.b: Endemic Lake Baikal seal (Pusa sibirica). Photo: Per Harald Olsen.
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The fish fauna of Lake Baikal encompasses 56 species in 15 families (Table 2.2.4.b). The majority is
endemic, however six species have been introduced to the lake, and some of the shallow-water species are
cosmopolitan (e.g. the perch Perca fluviatilis, and roach Rutilus rutilus).

Table 2.2.4.b  Species diversity of the Lake Baikal ichthyofauna.

Family Species and % of total number of Number of endemic
subspecies species (sub)species
Cyprinidae 7 9 -
Percidae 1 1 -
Cobitidae 2 2 -
Esocidae 1 1 -
Gadidae 1 1 -
Thymallidae 1 2 2
Coregonidae 1 3 1
Salmonidae 3 3 -
Acipenseridae 1 1 1
Cottidae 4 7 5
Comephoridae 1 2 2
Abyssocottidae 6 20 20
Siluridae 1 1 -
Total 30 53 31

Rare and endangered species include the Baikal sturgeon (Acipenser baerii baikalensis), Baikal white
grayling (Thymallus arcticus brevipinnis), taimen (Hucho taimen), lenok, (Abyssocottus elochini Taliev), and
the dwaf sculpin (Procottus gurwici Taliev). The Frolikh char (Salvelinus alpinus erythrinus), has not been
registered in Lake Baikal for over 40 years, and is probably extinct.

The Baikal sturgeon is the most ancient and the largest fish in the lake, and one of the most endangered
species. The sturgeon occurs mainly in habitats at a depth of 20-50 m in river deltas and bays in Lake
Baikal. In autumn, when strong winds pick up, the sturgeon descends to 150 m depth. Males become mature
at the age of 15-16 years, when they reach approximately 1 m length and 6-7 kg. Females mature at the age
of 18-20 years with a body length of 100-120 cm and a weight of 12-14 kg. Spawning occurs every one or
two years. A typical spawning flock consists of males of 15-28 years and females of 20-37 years. The
fecundity of the sturgeon depends on its size: the larger the female, the higher level her fecundity.
Reproduction mainly takes place in the Selenga, Upper Angara, Barguzin Rivers. The sturgeon enters the
rivers in great numbers in late May-early June. Spawning takes place at 10-1 5 UC. Adul t Bai ka
mostly feeds on benthic organisms including amphipods, juvenile fish, larvae of chironomids and other
insects.

One of the most famous endemic fish species from the lake is the Baikal omul (Coregonus autumnalis
migratorius). At present, there are three groups of omul known that each have different ecological and
morphological adaptations: a pelagic group (Selenginskaya), a coastal group (North-Baikalian and
Barguzinskaya), and near-bottom deepwater group (Posolskaya, Chivyrkuiskaya and other populations
reproducing in small rivers). The pelagic omul spawns in the Selenga River, where it goes upstream at a
distance of 1600 km. Adult pelagic omul feed on zooplankton, Macrohectopus, pelagic sculpins, and their
larvae. It overwinters at a depth of 200-300 m. The coastal omul spawns in the Upper Angara (640 km), the
Kichera (150 km), and the Barguzin (400 km). Adult coastal omul feed on zooplankton (23%),
Macrohectopus of medium size (34%), pelagic sculpins (26%), and other organisms (17%). The near-bottom
deepwater omul occurs up to 350 m depth. It spawns in small tributaries with a spawning distance from 3-5
km (the Bezymyanka River and the Maly Chivyrkui River) to 20-30 km (the Bolshoy Chivyrkui River and the
Bolshaya Rechka). The prevailing food of the near-bottom dwelling omul is Macrohectopus of medium size
(52%), fish (25%), benthic gammarids (12 %), and zooplankton (10%).

Two species of grayling inhabit lake Baikal: the white grayling (Thymallus arcticus brevipinnis) and the black
grayling (Thymallus arcticus baicalensis). The black grayling inhabits rivers entering Lake Baikal, as well as
coast and bays. The black grayling is found mainly in the southern and northern parts of the lake, in habitats
with a stony-pebble bottom. In summer, the grayling occurs at a depth of 10-20 m. In autumn, it migrates to
the shores to overwinter, where the fish aggregate at depths of 3-12 m. Spawning migrations are observed in
late March and spawning starts when the water temperature is between 4-8 . 5UC. The bl ack gr
in streams with stony and pebble habitats and swift currents. Maturity is reached at a body length of 25-30
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cm and weight of 250-400 g. The white grayling inhabits coastal zones of Lake Baikal up to the depth of 50
m, where it mainly feeds upon benthic organisms. It spawns in Lake Baikal, and can reach a weight of 3.0-
3.5 kg.

BAMKAALCKHMA XAPHYC ta. BAMKAABCKAM OMYADL

Figure 2.2.4.c: Russian postal stamps from 1966 with the endemic grayling (Thymallus arcticus) and the
Baikal omul (Coregonus autumnalis migratorius).

The cottoid fish, or sculpins, consist of 33 species (Sideleva 2001). They are typically small (< 20 cm), and
the majority occurs in benthic habitats. Some species have adapted to shallow waters (e.g.
Cottocomephorus and Procotus spp.) while others have adapted to deep water (e.g. Abyssocottus spp.).
Two species occur in open water, Comephorous dybowskii and C. baicalensis. Both have evolved large
pectoral fins and translucent bodies with reduced ossification as adaptations to their pelagic habitat. Cottoid
fish are consumed by seals and other fish, and they are key components of the food webs in Lake Baikal.

2.2.5 PROTECTED AREAS

The Baikal Basin encompasses multiple protected areas, which include Nature Reserves, National Parks,
Management Areas, and National Heritage Monuments (Table 2.2.5). The level of effective biodiversity
protection of these areas depends partly on their protected area status. Nature Reserves, or Zapovedniks in
Russian, are Strictly Protected Areas, whereas Management Areas or Zakazniks in Russian have the least
protected status. The level of protection also depends on the remoteness from human settlements, ability to
control visitor numbers, the adequacy of zoning, and presence of buffer zones against human impacts.

In both Mongolian and Russian cultures nature plays an important role, and traditional ways of life are built
on a strong respect for the environment. Many natural objects are traditionally considered sacred. The Baikal
Basin encompasses numerous natural monuments with a special cultural value. This includes mountains,
rocks, caves, volcanic craters, islands, individual trees, etc. As a result, indigenous people treat these sites
with special care, thus protecting associated landforms and waterscapes over centuries.

Several of the tributaries to the Selenga River derive from the slopes of mountains that are traditionally
considered as sacred by the Mongolian people. The upper courses of the Rivers Murun, Ider, Orkhon, and
Tuul are sacred places. In 2004, the Mongolian Government officially recognized Bogd Uul as a sacred area,
followed by Burkhan Khaldun in 2004 and Suvraga Khairkhan in 2007. Lakes Khovsgol, Terkhiin Tsagaan,
and the Otgon-Tenger Mountain peak also play important roles in traditional cultures.

Lake Baikal itself has traditionally been treated with a high degree of sacredness, and until fairly recently it
was considered taboo to settle on the shores of t he
numerous legends about spirits and sacred sites along Lake Baikal. In the Republic of Buryatia, 111 aquatic
monuments exist, including 3 glaciers, 61 springs, 33 lakes and 12 waterfalls. Among the most sacred
places for the Buryats are Ol 6 k Island and its Shaman Rock (Figure 2.1.1.a). The strong emotional
attachment of the Buryat people to Lake Baikal also gave rise to the first Russian environmental movement
inthemid-1 96 06s, which continues today.

The total protected area coverage constitutes 17% of the entire Baikal Basin (61% of which is protected by
Mongolia and 39% is protected by Russia). In Mongolia, 5,7 million ha of the Baikal Basin enjoys a protected
status (Figure 2.2.5.a), which adds up to 18.9% of the total protected area in the country. The largest part of
the protected areas is located in the upper mountainous areas of the SRB, including Lake Khovsgol and
Khangai Nuruu National Parks.
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Bogd Khan Uul is the oldest nature reserve in Mongolia. It is located to the south of Ulan Bator, in the
southernmost forest steppe zone and the Khentii Mountain area. Nature conservation in this area dates back
to the twelfth and thirteenth century when the Toorl Khan of Mongolian Ancient Khereid Aimag claimed the
Bogd Khan as a holy mountain. The reserve was officially protected in 1778. The area was traditionally used
by nomads, and continues to be inhabited. In 1994, a total of 70 families (346 people) lived in the reserve
who are mostly nomads that are engaged in traditional livestock raising (UNESCO 2007).

The Mongolia Government has committed to expand the network of protected areas in the Baikal Basin, and
included Zed, Khantai, and Buteeliin Nuruu in 2011 as strictly protected areas (SPA). Furthermore, the Ulan
Taiga was recently upgraded from a special protected area to a SPA. There are currently 5 strictly protected
areas in the SRB in Mongolia, 10 National Parks, 4 reserves, and 4 natural and historic heritage monument
areas (Table 2.2.5).

LOCATION MAP OF SPECIAL PROTECTED AREA

INSTITUTE OF GEOECOLOGY OF

MAS

LEGEND
PROTECTED AREA

* Capital city
@  Centre of aimak == Strictly protected area
/\/ Big river [ National convervation Par.
[ Lake [  Nature Reserves
———— Boundary of basin | Monuments
—— Boundary of aimak [ Local protected area
——— Boundary of iums 12 Number of protecied area

Figure 2.2.5.a: Protected areas in the Mongolian part of the Baikal Basin.

In the Russian part of the Baikal Basin, a total of 7 protected areas exist along the shoreline of the lake:
Pribaikalskiy National Park (NP), Zabaikalsky NP, Frolikhinsky NR, Kabanskiy NR, Pribaikalskiy NR,
Stepnodvoretskiy NR, and Verkgeneangarsky NR. In Irkutsk Oblast, 1.12 million ha within the Baikal Basin is
protected, constituting an almost uninterrupted belt along the western shoreline. Other protected areas are
situated within the catchment in the Republic of Buryatia (Figure 2.2.5.b).

Zabaikalsky NP is situated on the eastern shores of Lake Baikal, adjacent to the southern border of
Barguzinsky NR. The park includes the Ushkany island archipelago, which is a key habitat for the endemic
Baikal seals. Zabaikalsky NP is one of the best protected areas in the Russian part of the basin. The park is
relatively remote, it only has two entry points that are well controlled, and its zoning is in agreement with the
previous use of the area. Several very small seasonal settlements exist within the protected area, which
were traditionally used as summertime camps for local fishermen. Their continued use was allowed after the
establishmentofthepar k in 1969 so there was no conflict of

Pribaikalsky National Park is a narrow area that stretches 600 km along the western coast of lake Baikal in
the Irkutsk Oblast. The park has numerous entries from both the water and the land, which makes it difficult
to exert control over the number of annual visitors. Another problem is that the zoning of the park did not
meet its initial use. Areas that have been used as recreational sites for many decades were turned into
conservation zones after the park was established in 1986. On the other hand, over 40 settlements
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remained, and agricultural lands within the park were not converted into protected areas. These factors limit
the usefulness of Pribaikalsky National Park for the protection of biodiversity.

Tunkinsky NP Is situated in the southern part of Lake Baikal, and includes part of the Khamar-Daban and
Eastern Sayan mountain ranges. The boundaries of Tunkinsky National Park partly overlap those of
Pribaikalsky National Park, resulting in the confusing situation where one area is under two different
administrations. As a result, it is difficult for Tunkinsky National Park to implement its environmental
protection regime.

In total, 3.6 million ha is protected within the Republic of Buryatia, including three reserves in the Selenga
River Delta and its adjacent territory. The Kabanskyi reserve includes 12,100 ha within the Selenga Delta
itself, mostly comprised of wetlands.
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Figure 2.2.5.b: Protected areas in the Republic of Buryatia (from Gunin et al 2012).
Table 2.2.5: Location of protected areas in the Baikal Basin and the year of their establishment (protected

areas that have been re-established/re-classified are denoted in brackets). Special international designations
are denoted in bold.

Name Administrative Unit Area (ha) Year
Baikalo-Lensiky Nature Reserve SPA Irkutsk Oblast, 659,919 1986
Olkhonsky, Kachugsky
Barguzinsky Nature Reserve SPA Rep. Buryatia Severobaikalsky 374,423 1916
Biosphere Reserve (1986)
Baikalsky Nature Reserve SPA Rep. Buryatia Kabansky, 165,724 1969
Biosphere Reserve (1986) Selenginsky, Djidinsky
< |Pribaikalsky NP Irkutsk Oblast Olkhomsky, 418,000 1986
2 Irkutsky, Sludyansky
© |Dzherginsky Nature Reserve Rep. Buryatia Kurumkansky 238,100 1992
& |Sokhondinsky Nature Reserve Chita Province Krasnochikoisky, 211,000 1973
& [Biosphere Reserve Kyrinsky, Uletovsky
S |Zabaikalsky NP Rep. Buryatia Barguzinsky 245,000 1986
@ Tunkinsky NP Rep. Buryatia Tunkinsky 1,183,662 1951
e Frolikhinsky NR Rep. Buryatia Severobaikalsky 68,000 1976
Kabanskiy NR Rep. Buryatia Kabanskiy 12,100 1967
Wetland of International Importance,
Ramsar Convention (1994)
Stepnodvoretsky NR Rep. Buryatia Kabanskiy 15,000 1975
Verkgeneangarsky NR Rep. Buryatia Kabanskiy 24,500 1979
Enkhelutsky NR Rep. Buryatia Kabanskiy 12,300 1995
Total 3,627,728
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Khan Khentii SPA Tuv, Khentii, Selenge aimag 1,227,736 1992
(1995, 2012)

Boghd Khan Uul SPA Tuv aimag, Ulaanbaatar 41,651| 1778 (1957,
Biosphere Reserve (1996) 1974, 1995)
Khoridol Saridag SPA Khovsgol aimag 188,634 1997
Zed, Khantai, Buteeliin Nuruu SPA Bulgan aimag 611,300 2011
Ulaan Taiga SPA Khovsgol aimag 108,237.6| 2003 (2011)
Lake Khovsgol NP Khovsgol aimag 1180,270 (19915?922011)
Khugnu-Tarna NP Ei‘:T']%Z”' Uvurkhangai, Arkhangai | g5 615 311997 (2003)
Tarvagatai Nuruu NP Arkhangai, Zavkhan aimag 525,440 2000
Lake Terhiyn Tsagaan NP Arkhangai aimag

< |Wetland of International Importance, 77,267| 1965 (1995)

S |Ramsar Convention (1998)

= Gorkhi-Terelj NP Tuv aimag 293,168 1993

§ Khangain Nuruu NP grkhangal, Uvurl_<hanga|, 888,455 1996

ayankhongor aimag

Noyon Khangai NP Arkhangai aimag 59,088 1998
Khustai Nuruu NP Tuv aimag 50,620 1993 (1998)
Tujiin Nars NP Selenge aimag 70,019.5 2002
Khanjargalant NP Bulgan aimag 62,968 2003
Orkhonii Khundii NP Uvurkhangai Arkhangai aimag
UNESCO World Heritage Site (2000) 92,956.7 2006
Batkhaan Mountain NR Tuv aimag 21,850 1957 (1995)
Namnan Mountain NR Bulgan aimag 29,721.8 2003
Bulgan Mountain NHM Arkhangai aimag 1,840] 1965 (1995)
Huisiin Naiman Lake NHM Uvurkhangai aimag 11,500| 1992 (1995)
Dayan Deerkhi cave NHM Khovsgol aimag 31,3034 2006
Uran Togoo-Tulga Mountain NHM Bulgan aimag 5,800] 1965 (1995)
Total 5663,438.8

SPA Strictly Protected Area; NP National Park; NR Nature Reserve; NHM National Heritage Monument

Three sites in the Baikal Basin are included in the Ramsar™® list of wetlands of international importance. The
Mongolian territory of the Baikal Basin encompasses 2 Ramsar sites, namely Lake Terhiyn Tsagaan (1998)
and Lake Ogii (1998). Laka Tsagaan has a protected status as a National Park (Table 2.2.5), whereas Lake
Ogii currently does not have an officially protected status. The Russian territory of the Baikal Basin
encompasses the the Selenga River Delta Ramsar site, which is located in Kabanskiy Nature Reserve
(1994).

Furthermore, four areas in the Baikal Basin were declared as important Biosphere Reserves under the Man
& Biosphere Programme? (Table 2.2.5), which is an intergovernmental scientific programme supported by
UNESCO that aims to set a scientific basis for the improvement of the relationships between people and
their environment globally. The MAB programme supports research and capacity building that targets the
ecological, social and economic dimensions of biodiversity loss.

Lake Baikal itself was listed as a UNESCO World Heritage Site®* in 1996 for its unique flora and fauna and
its importance as an outstanding example of a freshwater ecosystem (see section 1.1.1), the lake itself does
not receive a specially protected status and there are no protected aquatic habitats within the lake itself.

In 2000, the 121,967 ha Orkhon River Valley Cultural Landscape in Mongolia was also listed as a World
Heritage Site, out of which 92,956.7 ha has a protected status as a National Park. The Orkhon Valley
includes numerous archaeological remains dating back to the 6th century. The site also includes
Kharkhorum, the 13" and 14" century capital of GenghisKhan 6 s vast Empire. The
links between nomadic, pastoral societies and their administrative and religious centres, and show the
importance of the Orkhon valley in the history of Central Asia. The grassland is still grazed by Mongolian
nomadic pastoralists.

9 http://ramsar.wetlands.org
20 http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/man-and-biosphere-programme
% http://whc.unesco.org/en/list/754
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In total, the combined area of sites with some protected status in the Baikal Basin adds up to 9,291,166
hectares (Table 2.5.5). Although the National Parks and Nature Reserves were designed to cover a diversity
of ecosystems and wildlife, including rare and endangered species (also see section 2.2.1). The majority of
the water catchment of Lake Baikal has no protected status.

The lack of protected status is particularly pressing for the surface and groundwater ecosystems, as well as
riparian habitats and deltas of important rivers and streams in the Baikal Basin. The Selenga River Delta is
the only significant wetland with a partly protected status, whereas other wetland areas that fulfil key roles as
freshwater filters and habitats for migratory birds and other important flora and fauna remain unprotected.
Moreover, there are practically no protected areas in the central part of the Selenga Basin, which is an
i mportant where most of Mongol irmadsversand gireamd aredoeatet.| e ment s

To address part of this problem, a strategy was developed to extend the network of important areas for
biodiversity conservation. In total, 15 areas within the Mongolian part of the SRB have been designated for
future protection. This strategy is being planned and implemented step by step. Areas designated for future
protection within the SRB include: Nogoon nuur, Gun yamaat, Khonin nuga (spa), Badryn nuruu (NR),
Khalkhan Bulnain nuruu (NR), Shariin adag, shar khyaruuni belcher (NR), Bust nuur (NR), and Bokhloi
chagtai mountain (NR).

The establishment of Transboundary Protected Areas (TPAs) between Mongolia and Russia would be
beneficial to ensure conservation of important ecosystems and wildlife that are shared between the two
countries. Several areas would be eligible for the establishment of a TPA:

In the east of the Baikal Basin a Khentey-Chikoyskoye Highland TPA could be established. In the Chita

Oblast on the Russian side this could include the existing Sokhondinsky SPA, Burkisky and Atzinnsky
management areas, as well as the planned Chikoysky NP. In Mongolia, the Khan Khentiy and Bogd Khan

Uu l S®&Md st he Terelzh and Khustain Nuruu NPs could be 1
Basin could be connected to establish even wider wildlife corridors, including Onon Balzh NP and Nagal

khaan NR. Connecting these areas would contribute to the protection of important mountain taiga, steppe,

and forest-steppe ecosystems, as well as wildlife such as the Chikoy sable.

2.2.6 LAND USE PATTERNS

The Baikal Basin has traditionally been inhabited by nomads and hunters that had very low impact on the
land. Livestock keeping, including sheep, horses, cows, camels and goats, remains an important part of the
economy today, especially in Mongolia (also see 3.2.2). The two other main land use categories in the area
are agriculture and forestry. In the Mongolian part of the Baikal Basin, agriculture is presently the most
important form of landuse, whereas in the Russian part of the basin the land is mostly used for forestry
(Table 2.2.6.a).

Agriculture in Buryatia is mostly concentrated in the southern and central regions. As a result of the cold and
dry climate in the region, and the generally low fertility of the soil due to its extreme exposure to wind and
water erosion, the agricultural production potential is 2-2.5 times lower than in western Russia. Agricultural
lands in Buryatia cover 3,149.4 thousand hectares (5.5 % of the total farmland of the Siberian Federal
District).

Table 2.2.6.a: General land use patterns in the Lake Baikal Basin area in Russia and the Selenga River
Basin in Mongolia. Numbers are provided in percentage of the total area.

Baikal nature territory (central zone, buffer zone | Selenga River basin,
Land type and zone of atmosphere impact), Russia, % Mongolia, %
Forest 62.6 28,2
Agriculture 15 50,5
Protected areas 10 18,9
Water bodies 9.4 15
Towns & settlements 1 0,6
Industry & infrastructure 2 0,3
Total 100 100




Since the mid-1 9 9 0ad shift in landuse patterns has taken place in Mongolia, with an increase in
urbanisation and mining activities as well as an increase in protected areas. At the same time, a decrease is
observed in the available amount of arable land, water bodies, and forest cover (Table 2.2.6.b). Shifts in
landuse patterns have also been observed in the Russian part of the Baikal Basin. Since 2000, there has
been a reduction of agricultural use in nearshore areas and an increase in recreational use (Solodyankina
2012).

The SRB is most intensively used for agriculture. Over 50% of the river basin is used for agricultural
purposes in Mongoli a. I n Russi a, extensive parts
including the Selenga River Delta (Figure 2.2.6). The basin includes 80% of the total cropland in Mongolia,
due to its favourable natural conditions for the cultivation of crops (Mun et al. 2008). Grain represents the
main cultivated crop in the Mongolian part of the Selenga Basin.

One of the challenges is that crop cultivation requires significant water resources, and appropriate
management . Crop cultivation began in the 1960606s
However, after 1990 the expanse of cultivated land dropped dramatically due to the breakdown of the
centrally planned management system. People in rural areas returned to their traditional nomadic husbandry
systems and abandoned large part of crop land. In combination with expansion of livestock breeding and
unsustainable land management practices this resulted in massive soil erosion problems, which further
degraded the land (Mun et al. 2008).

Irrigation plays an important role in the landuse in the SRB. Existing irrigation systems are presently mainly
concentrated in the northern and central parts of the basin. In 2007, almost 4,000 hectares for the production
of cereals, fodder, potatoes, vegetables and fruits were irrigated by sprinkler systems (Mun et al. 208).

Table 2.2.6.b: Land use change in Mongolia during the period 1975-2005 (in thousands of hectares). Data
adopted from P.Myagmartseren (2011)

Yea 1975 1990 2005 ClEng e beien
Land use types SN
Forest land 15,171.5 14,403.1 14,748.1 -423.4
Arable land 748.5 1281.6 697 -51.5
Pasture 120,990.4 119,304.6 111,229.7 -9,760.7
zg:'ig‘t’l"l’uig??:no d”ed 196.9 84.4 478.4 +281.5
Protected areas 132.5 5,282.7 20,864.8 +20,732.3
Water bodies 1,619.2 1,630.5 667.8 -951.4
Towns & settlements 464.6 501.0 466 +1.4
Mining area 46.8 58.9 97 +50.2
Road 61.1 203.8 278.2 +217.1
Utility - 45 50.1 +50.1
Military 2,543.3 2593.2 218.1 -2,325.2
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Figure 2.2.6.a: Land use in the Baikal Basin in Mongolia (Mongolian land cadastre, georeferenced basin

map).

Figure 2.2.6.b: Land use in the Selenga River Delta. Areas highlighted in pink and red denote agriculture
and human infrastructure. Image from NASA U.S. Geological Survey, August 2003,USGS/EROS/NASA

Landsat Project Science Office.
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