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FOREWORD

| am pleased to present the final report of the Ecoregional Assessment of the Grasslands of Eastern
Mongolia. The working group that completed this study was established by Order # 8i2Minister

of Nature, Environmentind Tourism on October 28, 2009 to ensure coordination of stakeholders,
exchange information and data, as well as oversee implementation of Development by Design.

For thousands of years, Mongolian grasslands have gedvhabitat for many species of grassland
animals and plants, and forage for livestock of Mongolian herders. In recent years, mineral and olil
development, and the construction of associated infrastructure, have increased in the region. Pastoral
livestock husbandry is recovering from the collapse during transition, and livestock numbers have
increased dramatically. While it is pleasant to note these positive growths in the economy, it is
important to balance the rapid economic development with conservatibwildlife habitat and pastoral
rangelands. Humaimduced impacts, in combination with climate change, are causing declines and
extinctions of flora and fauna, and may cause irreversible disruption of ecological functions and
ecosystem services such asrdge production, freshwater supplies and soil fertility. This report
contributes to meeting the laovementioned challenges by building capacity in conservation planning to
expand the network of protected areas, mitigate impacts of mining development, aapt 40 climate
change.

The Mongolian National Security Concept urges incréasetection of grasslands, and Mongolia made
a commitment to increase protection of grasslands at @OP Important policy papers, including

AAAAA

az2zy3d2ft Al Qa al aid@Adad ahd Mongdlia BiddivelksRy (ICEneiivation Action Plan, aim to
RSAAIYIGS om: 2F O2dzyiNEQa fIFyR a LINRBGISOGSR |
roughly 14% of the land area designated as protected areas. Recent studies indicgamtbetion of

the Mongolian Daurian Forest Steppe and Grassland Ecoregions is lower than the national average. In
order to achieve the goal, it is important to identify priority conservation sites with ecological and
biological significance based on sowudence across the grassland ecoregions. | believe that this report
will contribute to the expansion of the protected areas network and mitigate impacts of mineral

development in the grasslands of Mongolia.

L.Gansukh
Minister of Nature, Environmergnd Tourism

NI
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SUMMARY

1. The Central and Eastern Grasslands of Mongolia span aof&%$000 knf that is bounded by the

Gobi Desert to th south, theKhyangarmountainsto the west, the Chinese border to the East and the

Russian border to the North. Globally, the Temperate Grasslands biome is the most converted and least
protected (Hoekstr&005. The temperate grasslands in Mongolian largely unconverted, suppo&

full assemblagef native wildlifer YR G KS LI aG2NI f fAGPSt AK22R 2F KIFf¥F
the wildlife and indigenous livelihoods of this area tineatened by overgrazing and rapid growith

mining and oiblevelopment.

2. We identified a set of areas theduldmaintain the biodiversity and ecological processes
representative of theegion given adequate protection and management as high quality core habitat
within a larger landscape matrix that suppohabitat use and movemeniThis set of priority
conservation areas is referred to as a portfolio. Thethndsthat we usedwvere developed to address
the scope and scale of conservation planning across the study area using available data. Focal
biodiversity targetsare defined bya mapped ecosystem classification that consists of three levels:
biogeographic zones, ecosystems based on vegetation, and landfo¥i@slesigned the portfolio to a)
meet representatiorgoalsfor the amount and distribution of eaatcosystem type and b) optimize for
ecological condition based on a GIS indedisturbanceand cumulative anthropogenic impacts.o
ensure longierm viability of biodiversityadditional consideration should be given to the maintenance
of connectivity letween sites

3. The portfolioincludesa) areas already designated withine National Protected Area systein)a set

of wetland complexes that have been designated as Important Bird Area)aitds selected with the
conservation planning software MARNX to meet representatiogoalsfor ecosystems and optimize
ecological conditionThe portfolio coverd47,000kn?, or 32 % of the study areand consists 045
sitesthat range in size from 100 Kito 18,000 krA. National Protected Areas a&9%of the portfolio

area To evaluate the significance to conservation of all planning units across the study area, w
developed an index dhe relativeconservation value of ecosystem occurrences that is based on rarity
and relative contribution to the MARXAN tapization.

4. Weidentified areas of potential conflict betwedhe conservation portfoli@and areas leased for
mining or petroleum developmenWithin these conflict areashe areaswith relative conservation
value in the highest 3bpercentilewere designatedasareas to avoid developmentThe remaining
conflict areas were removed from the portfolio, and replaced with sites of similar composition and
condition outside existing leases.

5. We alsoillustrate how the conservation portfolio can be usealoffset impacts associated with
mining, oil and gas as well as other types of development. For developutsitle the portfolig we
demonstratehow to determine potentialimpactsof development projectsind identifya portfolio of
best offset opporturiies.



1.0 INTRODUCTION

Purpose of this study

The purpose of this study is to support sustainable development for the Eastern Steppe grasglands

providinga sound basis for landse planning that balances the needs of mineral and energy

development, pastoral livelihoods, and wildlife habitat conservation. We believe the study can inform

decisionmaking in several ways:

w Support protected areas design and management

w t NEOARS GSIENIe& gl NYyAy3ae 27F LI (icBnservatioigoas2 y ¥t A O
w t NEOARS o0laira F2N LI @Ay3d GKS aYAGAIFGAZ2Y KA

supporting decisiormaking about appropriate impact mitigation practices

w Inform offset design to maximize their conservation values

The Mongolian Steppe is one of the last remaining intact temperate grasslands in the Glmibchlly,

the Temperate Grasslands biome is the most converted and least protected (Hoekstra 2005). The

temperate grasslands in Mongolia support a large assemblagative wildlife includingsrey wolf, Red
fox, Corsac fox, Pallas cat, Grbastard Saker Falcon, Lesser Kest&#herian marmot andverone

million Mongolian gazelle (Olson 2008)akes, ponds, and wetlands provide stopovers and nesting sites

for globallyendangered waterbirds includir§wan goose, Relict gull, aselveral species of cranes
(Nyambayar & Tsveenmyadag 2009)he Mongolian Steppéas a relatively low population density
with less than 0.8 person per square kilometer (Institute of @gaphy 2009). For recorded history,
the steppe has been grazéasupport livelihoods of nomadic herders (Dashnyam 1974)

However, threats and pressures on grasslandetiacreaseddramatically following theransition toa
market economy in 1990-he number of livestockasnearly doubledverthe last two decades
reachingapproximately40 millionanimals(National Statistical Office of Mongal2008). Tis has lead
to overgrazingparticularlyin areas near rurgdopulation centerandwater sources.

Mineral resources exploration and exploitationd#so increased dramaticallyo date, surface rights
for mineral and petroleum exploration have been leasedoss approximately 27% of the countnyth
47% available for leagMMRE 201Q) Expansion bthe railroadis underwayto connectthe mineral
rich southerndessertregion to the TransSiberian railroad networkDevelopment plans for theentral
and easterrgrasslands parallel the national trer@6% of thegrasslandstudy area has been leaseat
exploration and 46% is available for lease (MMRE 2010).

Q)¢

¢CKS GNIyaAldAaAz2y Ay az2y32t Al Qa LRt AGAOlsforcigy R SO2y2Y

difficult decisions to balanceapid developmenbf natural resources with conservation r@ire and
remarkable natural landscape#lining and oil operationand related transportation infrasticture

have the potential to fragment the landscape and endanger wildlife. Large quantities of water used in

the mining and oil processes can disrupt thalrologyof this arid landscapémpactingpastoral
livelihoods andwildlife habitat. Disturbing vegetation cover leaves soil vulnerable to erosion and
desertification.However, most of the planned developmems notyet begun Thewindow of
opportunity for Mongoliato harness land use planning for sustainable development is tmmanage
its vast natural wealth to achieve lasting benefits for people and nature.

Identifying Conservation Priorities in the Face of Future Developmen?



Development by Design

In partnership with the Government of MongoliBhe Nature Conservancyworking to balance mineral
and energy development withastoral livelihoods anthe conservation of habitat througascience
basedapproachcalled 5 S@St 2 LIYSy i o6& 5SaAradayé O0YASASO1ISNI Si
and Kiesecker 2010, Kieser et al 2011)Development by Design (Dbyblgnds landscape
conservation planningith the mitigation hierarchy, avoid, minimize, restore, or offsetto identify
situations where development plans and conservation outcomes may be in coarfiictoidentify

which step of the mitigation hierarchy is consistent with conservation goals. For developnpattts
that are consistent with conservation goaBbyD seeks tmaximiz the returnto conservation

provided bycompensatory mitigation, or biodivetg offsets. The four-step DbyCframeworksupports
sound land use planninpelping decisionmakers avoid and mitigate conflicts between development
impacts and conservation priorities, and suppogtthe use of compensatingonservation actions
(offsets)to achieve better outcomes for people and nature.

DbyDis appliedfor two distinct spatial scalesFirst, DbyD focuses aandscape levésee Study Area
below)to evaluateconservation priorities, assess cumulative impacts in the regientify potential
conflicts between development and conservation gpatsl inform decisionmaking aboutvhere
avoidance and minimizatioof impactsshould be a priority consideratiqi$teps 1 &2) Second, DbyD is
applied at a project or site levéhining or enery site)to assesproject impactsand their suitability for
offsets,andwhere appropriatesupportdesignof an offsets strategy for mitigating these impa¢&eps
3&4)

Landscape Level:

1. Develop a landscape conservation plan (or use an existing m@ties plan such as
an Ecoregional Assessment)

2. Blend landscape planning with the mitigation hierarchy to evaluate conflicts based
onvulnerability and irreplaceability

Project Level

3. Determineresidual impacts associated with development and select agitinffset
portfolio.

4. Estimate offset contribution to conservation goals

Thisstudy focuses oproviding aandscapdevelanalysis as thiss essentiafor addressing the first
criticalquestion concerning the application of mitigatiomhen shouldimpads from planned
developmentgdmining, energybe avoidedaltogether,minimized onsiteor offset?(Kiesecker et al.

2010, Thorne et al. 2006). Conservation planning, in partitkeecoregional assessment (e.g. Groves
2003)carried out for this studyprovides the structure to ensure mitigation is consistent with
conservation goals, maiaining large and resilient ecosystems to suppbuman communities and
healthy wildlife habitat. Blending the mitigation hierarchy with landscape planning offers distinc
advantage over the traditional projeeby-project approach because it: 1) considers the cumulative
impacts of both current and projected development; 2) provides regional context to better guide which
step of the mitigation hierarchy should be applié@.(avoidance versus offsets); and 3) offers increased
flexibility for choosing offsets that can maximize conservation return by fogefforts towards the

most threatened ecosystems or species.



Figure 1: Major Habitat Types and Terrestrial Ecoregions of Mongolia
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Figure 2: Study Area: Central and Eastern Grasslands of Mongolia



Study Area

The study area is the Mongolian portionstiofee terrestrial ecoregions: The MongolidManchurian
Grasslands, the Daurian Forest Steppe and the TBarnsal Boreal Forest (see Figure 1). This covers
458,000 knf andspans the KhentWountain Range and Trasaikal Coniferous Forest to the north, the
Khangai Mountain Range to the far west, the Khyangan Mountain Ranges to the east, and Central Asian
Desert Steppe to the south, and is boundediuy Chinese border to the East and thesRan border to

the North. The region is characterized by extreme continental climate with annual average precipitation
of 200300 mm. Long term average temperature ranges between-+22 C in July an@0¢ (-24) C in
January, and winter temperature meins below 0 C from November to March (Dashnyam, 1974).

The climate change trend Mongoliahas beermore rapidthan other parts of the world. Temperature
increasesrom 1951-2002 are among the highest in the world, with little change in precipitaii@invetz

et al. 2009). This has likely contributed the expansion of the Gobi Desert northward (Yu et al. 2004,
Zhang G. et al. 2010) and the drying of rivers and waterbodies.

Applications of this study

A primaryobijectiveof thisstudy wago identify a st of areas that could maintain thepresentative
terrestrial biodiversity features and ecological processes of the Mongolian Stgiwes adequate
protection and management as high quality core habitat within a larger landscape matrix that supports
habiat use and movementWe designea conservatiomportfolio that met the Mongolian

32 @S NY Y Sof preédeéwing?3®% df all natural systems, in a configuration that is optimized to meet
the following design criteria: avoid areas of low ecological iitegequire the smallest amount of

land, and maintain ecological goals despite projecteihing/petroleumdevelopment. We developed
methods for regional terrestrial conservation planning that address the scope and scale of the
458,000knf study area withavailable data. These methods are suitable for application in other
landscapes.The result isan information system and landscafevel decisiormaking framework to
balance conservation, development atahd use.

The portfolio and underlying informatiasystemare intended tosupport a range of applications to
conservation and management of natural resources, including:

f Protected AreaDesign and Management KS al AaGSNJ tf Iy F2NJ azy3dz2ft Al
Areas (1998) established a goal of designating 30%ofti® 2 dzy G NE Qa I yR Fa yI i
local protected areas. The Resolution #13 of the Parliament of Mon@8I&8 specified
that 15% will be national protected areas and remaining 15% will be local protected
areas. Today, Mongollesdesignated 61 nationgdrotected areaghat cover about
HMOPYy YAffA2Yy KSOUGINBa 2N mm: 2 RAttheKS O2dzy i NE Qa
National and the Aimagevel, he results of this study will supponew designations to
meet Mongolian government goal of protecting 30%umal habitat, and the
development of priorities and strategies for improving management effectiveness of
existing protected areas.

1 & NI & g ByMphlifyhgpotential conflicts between development and
conservation goalgro-active steps can be ka&n to reduce conflict and ensure
development and conservation needs are met

Identifying Conservation Priorities in the Face of Future Developmen6



1 Mitigation of mining and energy developmeintpacts:By providing a framework to
implement the mitigation hierarchydecisionmaking about impact avoidance,
appropriate impact ritigation practicesand compensatory mitigation (offsetsan be
more sciencebased and better informed.

9 Offset designAn understanding of conservation values in the context of existing and
potential cumulative impacts provides the necessary foundatiordésigning offsets
that can contribute effectively to landscape conservation goals in the face of
development.

Conservation Planning

Systematic conservation planning is a methodical and comprehensive process for identifying a set of
places or areas #t, together, represent the majority of species, natural communities, and ecological
systems found within a planning arerandscapédevel planning and action is rapidly emerging as a
necessary strategy for achieving conservation res@tsqnet al.2001). A conservatiorportfolio of

priority sites the end product of conservation planning, is a set of assdscted to representhe full
distribution and diversity of these systems (e.g. Noss et al. 2002). Often systematic conservation plans
utilize anoptimization approach automated with spatial analysis tools such as Marxan (Ball and
Possingham 2000), where the design of the portfolio is meant to meet the minimum viability needs of
each biological target a configuratiorthat minimizes the amount cdrea selected (Pressey et al. 1997,
Ball 2000, Ball and Possingham 2000).

This approachisbasal on ecoregional assessment practices and standards described by @rades
(2002) Groves (2003and Higging Esselman (2006)The basic components ofebe approaches are:
(1) define and map a suite of biodiversitgrgetsincludng species, ecosystems or other features that
collectively represent the biological diversity of the study a@y £t quantitativegoalsfor the
estimated abundance andistribution of biodiversitytargetsnecessaryo maintain ecological and
evolutionary potential over timg(3) evaluate therelative viability andecologicaintegrity of, and
threats to, occurrences (populations and examples of communities and ecosystents) sifite of
biodiversitytargets (4) wsethis informationto identify the occurrences of biodiversitgrgetsthat
collectively meet representatiogoalsandare the most likely to persisti.e. are viablewith highest
relative ecological integrityand minimal risk from future threats A diagram illustrating this process is
shown in Figuré&.

Previous regional conservation plans and priesiting efforts

az2zy3d2t Al SadloftAaKSR 2yS 2F (KS ¢2NI RQa 186 NI A Sai
the Mongolian Ministry of Nature and Environment published Biediversity Conservation Action Plan

for Mongolia.(MNE 1997). Thigport recommended designation @fightstrictly protected areas, 40

national parks and 37 heritage areass of 208, approximately 40% of the recommended areas have

been designated as National Protected Areas WWF 201®.S al aGSNJ t € Iy F2NJ a2y 32
I NBla o6mppyv SadlrofAakKSR F 321Ft 2F RSaAAIYylLIGAYy3I o
areas. The Resolution #13 of the Parliament of Mongolia specified that 15% will be national protected

areas and remaining 15% will be local protected areas.

Today, Mongolidasdesignated 61 national protected areas covering about 21.8 million hectares or
M 2F GKS 02 dzy (i NB Q& MénpojaRalsccantainsik BidsphBrelReBeyiesH n ny 0 ®



(UNESCQ0113, two World Heritage Sites (UNES2@11H and 11 Ramsar sites (Ramsar 201Rixd
Life International has identified 70 Important Bird Areas imiglaia Nyambayar & Tsveenmyadag
2009)

Within the study areathe National Protected Areasover 42,000 kin(9%) of the study arealhese24
PAs includénclucde three Biosphere Reserves (UNESXDD19, two World Heritage Sites (UNESCO
2011b, andfive Ramsar Sitegsee Figure 2)The study area contains 21 Important Bird Aresght of
which are National Protected Area$hese sitesare the foundation, or starting poirdgn which the
conservation portfolio was built

Figure 3: Process for designing a portfolio of conservation areas

Portfolio Design Process

BIODIVERSITY ELEMENTS REPRESENTATION GOALS
Terrestrial Ecosystems (X)) % historic extent
VIABILITY: CONDITION & THREAT SITE SELECTION
optimized
Disturbance / Condition Index site selection
wroad density (MARXAN)

wrailroad density

wherder campdensity |::>
wland use: urban &g

wactive mines

other priority areas

National PAs
IBAs
UNESCQrRamsar

Expert Review
and Refinement
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2.0 METHOD®& RESULTS

2.1 Overview

Ourobjectivewasto identify aportfolio of sitesthat support thenative biodiversityand ecological
processesepresentative of theviongolian Steppe Todefine biodiversitytargets we developed
terrestrial ecosystenctlassificatiorthat maps 286 ecosystem typesWe designedhe portfolio to meet
the following criteria:

U Representation:meetgoalsfor a specified number or amount of each biodiverséyget
neededto maintain their ecological and evolutiary potential over time.We defined
biodiversitytargetswith the terrestrialecosystem classification and set representagoalsas
a fraction of the geographic distribution of each ecosystem type across the study area.

U Ecological Conditionwithin limits of knowledge and available data, ensure that the selected
areascontain biodiversityargetsthat have the highest relative viability or ecological integrity,
as measured by an index disturbance fromhuman impacts.

U Efficiency: The portfoliocontainsthe least area and number of sites that meet biodiversity
goals

U Connectivity: wherethere is a choiceselectadjacentplanning unitdn contiguousgroups,
following the general principle that a portfolio consisting of fewer, larger contiguous isite
preferable to one consisting of maygmaller sites. This does not consider landscape
connectivity beyond adjacetiirst-order neighbors. Evaluating the functional landscape
connectivity of the portfolio, to support movement across the study area,cstical next step.

We designed th@ortfolio through several stepsr components

1. Assemble the working groupWe convened a group of experts and stakeholders to advise and
review the planning process. The working gratgsorganized as followsnembersand affiliationsare
listed in Table 1.

a. Core technical teamtechnicabnd sciencetaff responsible for analysis and reporting.

b. Science dvisory team biologists and geographers with expert knowledge of the study area and
available dataresponsible for advising data development and reviewing results.

c. Policy team Senior managers with knowledge and expertise regarding implementation strategy.

The Science Advisory team reviewed the data development and analysis at several intmnglshed
course of the study, which included three team meetings and many informal interviews. We held two
government workshops, in April and August of 2010, to review results and discuss implementation
strategies. These workshops were attended by tiievworking group and other representatives from
National and Aimag government and NGOs.

2. National Protected AreasWe delineated the boundaries of all NatiodaVel protected areas within
the study area including strictigrotected areas, national pks, national monuments and nature
reserves, and excluding buffer zones. These areas served as the foundation, or starting point, for
portfolio design.



Table 1: Planning team members and organization

Core Technical Team

D. Galbadrakh (Conservationéitor, TNC)

M. Heiner (GIS and Conservation Planning, TNC)

E. Tuguldur (Assistant Biologist, TNC)

L. Ochirkhuyag (WCS Mongolia Program)

D. Sanjmyatav (WWF Mongolia, GIS Specialist)

R. Gankhuyag (Director, Cadastral Division, ALAGAC)

G. Sergele(Scientist, Faculty of Geology and Geography, MNU)

V. Ulziisaikhan (GIS Specialist, TNC)

J. Kiesecker (Lead Scientist, TNC)

B. McKenney (Senior Economic Advisor, TNC)

Science Advisory Team

B. Oyungerel (Scientist, Geography Institure)

D. Dash (@ence Secretary, Geoecology Institute, Academy of Sciences)

L. Jargalsaikhan (Scientist, Institute of Botany, Academy of Sciences)

Kh. Munkhbayar (Professor, Biology Dept., Pedagogical University of Mongolia)

N. Batsaikhan (Zoologist, Faculty &y, MNU)

N. Tseveenmyadag (Head of the Bird Study Laboratory, Academy of Sciences)

D. Ariungerel (Pasture Land Specialist, Gobi Pasture Project, Mercy Corps)

A. Nyambayar (Scientist, MNU, Wildlife Science and Conservation Center)

D. Zumburelma (Scientist, Institute of Botany, Academy of Sciences)

Policy Team

D.Enkhbat (Director of Dept. of Natural Resources and Environment, MNET)

R.Gankhuyag (Director, Cadastral Division, ALAGAC)

N. Boldkhuu (Deputy Director, Dept. of Fuel PolidylRE)

. Tamir (Officer, Mining Policy Dept., MMRE)

. Magvanjav (Director, Dept. of Mining, Technology and Environment, MMRE)

Erdenesaikhan (Mineral Resources and Petroleum Authority, MMRE)

. Erdenebayasgalan (Officer, Dept. of Sustainablel®@ment and Strategic Planning, MNET)

. Dolgormaa ( Specialist, PA Management Department, MNET)

. Enkhtaivan (Officer, Dept. of Protected Area Management, MNET)

. Sansardarimaa (Contract Officer, Mineral Resources and Petroleum Authority, MMRE)

. Jargalnemekh (Officer, Environmental Restoration and Conservation, MMRE)

. Enkhtuya (TNC Mongolia Program Director)

. Chimed (WWF Mongolia Program Director)

ZIO0|OI0|IO|P|O|F T O

. Fine (WCS Mongolia Program Director)

Identifying Conservation Priorities in the Face of Future Developmen10



3. Wetland Complexes We identifiedsevenwetland complexeshat areeither a) designatetdy the
RAMSAR Convention as wetlands of international importance for fundamental ecological functions and
economic, cultural, scientific, and recreational valRarsar 201)1 and/or b) designatedy BirdLife
International as Important Bird Areas that support globally threatened species, restriatgg species,
biome-restricted assemblages, or large congregatidigafnbayar & Tsveenmyadag 200&s follows
Ogii Nuur (RAMSAR 2MNO004; IBA MNO04).

Lakes irthe KhurkhKhuiten river valley (RAMSAR 2MNO011; IBA MNO058).

Buul Nuur and its surrounding wetlands (RAMSAR 2MNO0O08; IBA MNO068).

Mongol Daguur (RAMSAR 2MNOO1; IBA MNO066).

Khukh Lake (IBA MNOGin buffer zone of Mongol Daguur Strictly Protected Area).

Tashgain Tavahakes (IBA MN@®Gin buffer zone oDornodMongol Strictly Protected Area).
Ulz River and Turgen Tsagaan Lakes (IBA MN064)

=4 =4 = =8 -4 -8 -9

4, Site selection for eosystem representation Througha GIS analysis, we identified a setaoéas
that, in combinaion with NationatevelPAs and IBAswouldmeet representationgoalsfor ecosystems
This analysimvolved threesteps Firstdevelop aerrestrial ecosystem classificatioto define and
mapterrestrial habitat typedased ora hierarchy of biogeogrdjic zones; ecosystem types based on
vegetation and landforms Seconddevelg anindex of ecologicatlisturbancederived fromspatial
data representing current human impacte identify areas that are ecologically degraded and areas
with competing econmic values, such as high livestock use. Third, corsitectelectionusing a
conservation planning software (MARXAN), to identify a sptasfning unitghat, in combination with
Nationatevel PAs and selected IBAseets representatiogoalsfor ecosytems in aconfiguration that
optimizes for ecological condition and connecti\itpntagion)

5. Redesign b minimize conflict with planned mineral and oil developmen¥We examined how the
conservation portfolio overlapped with future potential degpment. To represent future development
pressure we mapped all oil and gas and mining leases within the study@veslap between the
portfolio and leased areas were-designed as follow®verlap between the conservation portfolio and
mineral or petpleum leases witlbiological valuén the highest 38 percentile, defined as a
combination of optimacity and rarity, were designated as areas to avoid developifemremaining
conflict areas were removed from the portfolio, and replaced with sitesnoifai composition and
condition outside existing leases.

2.2 BiodiversityTargets TerrestrialHabitat Classification

Theessentiafeature of systematic conservation planning is the clear articulation of a biodiversity vision
that incorporates the fultange of biological features, how they are currently distributed, #red

minimum needof each feature to maintain lorgerm persistence.Given the complex organization of
biological systems and the limits of existing data and knowledge, it is néghsible nor desirable to
analyze individually the many thousandsbaddiversity targetdor a given region. Therefore, we must
select an effective representative subset of species and environmental featureidrersitytargets

a) that best represats the brad range of native biodiversity and b) for which data exists to map current
distributions.

Biodiversity is expressed at a variety of spatial scales and ecological levels of organization. Therefore, a
comprehensive regional vision must considpatial scales and levels of organization from species to
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ecosystems (Noss 1996, Margules and Pressey 2003, Groves 2003). Biodiversity targets can be
organized by spatial scale in a framework created by Poiani et al (2000) that defines local, intermediate
coarse and regional scales (Figdye

Figure 4: Selecting focal biodiversity elements: Spatial scales and Biodiversity elements

Biodiversity Targets Characteristics
REGIONAL . . . .
© 5000 kn? Regional Scale Species wide ranging
© " : successionahosaiclarge
O - Y
wn COARSE HEWHRRUTING ECossiems extent, amorphous boundaries
o 100-5,000 kn? NP ) ,
= Coarse Scale Species areadependent,habitat generalists
8 INTERMEDIATE Large Patch Ecosystems / determined by physical setting,
D 5-200 k. \emeememee e s homogenous or patchy
8 e imElEts utlizelarge patches
) ScaleSpecies gep
LOCAL Small Patch & defined bygeomorphology,
<10 ki? Linear Ecosyste fixed discrete boundaries

habitat restricted

(adapted from Poiani et al. 2000)

wSIA2yIt O2yasSNBIGA2Y LIXlya 2F4G4Sy FLLXe I wO2l NAS
targets This includes treatment of all ecosystem tygbe €oarsefilter) and a subset of natural

communities and species which will not be well represented by ecosystems(#@herine filter) such

as those that are rare, with highly specific habitat requirements, or are migratory over long distances

(Groves et al 2002; Grov803). The coarsfter premise is that conserving representative

ecosystems conserves many common species and communities, species that are unknown or poorly
sampled, and the environments in which they evolve (Jenkins et al 1976, Hunter 188b)efocus on

species is not adequate because species sampling data does not represent the environmental matrix and
broad-scale processes necessary to maintain habitat.

This coarse filter/fine filter approach has ecological advantages in that it consideiplensttales of
organization, environmental patterns and processes that influence habitat structure and function.
Choosing targets that represent the range of environmental gradients and settings is a way to address
the dynamic nature of ecosystems and tlngcertain impacts of climate change (Hunter 1988, Halpin
1998, Groves 20Q0Beier & Bros2010, Anderson & Ferre2010).

This approach also has practical advantages in that it makes best use of available data to represent the
full range of representativeibdiversity with a practical number tdrgets Our knowledge regarding
species ranges and habitat needs will always be incompls$eparse filtertargets ecosystens can

often be mapped with available GIS data. This alone provides a basis for ediesgmlanning and fills

a significant information gap. Fhiidter species and natural community data are typically more limited
and dependent on survey effort, and therefore vary in geographic coverage. Thus, the coarse but
geographically consistent esystem classification complements the locally accurate but uneven
coverage of species data.

Identifying Conservation Priorities in the Face of Future Developmeni2



Given the short time frame of this assessment and the lack of GIS data to comprehensively map the
current range of species that are rare to the study areapefened biodiversitytargetsfollowing a

coarse filter approach focused on terrestrial habitat, and did not define or develop information for fine
filter targets Todefine and maoarsefilter biodiversitytargets we developed mecosystem
classificatiorthat is organized as a hierarcbfbiogeographizones terrestrialecosystens based on
vegetationand geomorphologyandlandforms This classification describes 216 ecosystemdype
described in Table.3Source data and mapping method are describetbw and in Table 2.

Table 2: Ecosystem types: source data and mapping method

UPLAND source data mapping method
Steppe grasslands
Desert Steppe Reclassified by WWF
I\D/Irczldzitp;)e/ I;ry Steppe * Vostokova & Gunin (2005 :*zgtlrgzified by land
orms

Meadow Steppe *

Reclassified by WWF

Sand massives Vostokova & Gunin (2005 (2010)

satellite imagery

Cinder cones (Landsat 5 TM)

manual interpretation

Boreal Forest
High mountain tundra
Alpine meadow and Subalpine woodlan(

High mountain steppe .
. Reclassified by WWF
Mountainous boreal coniferous forest | Vostokova & Gunin (2005 (2010) y

High mountain deciduousoniferous
woodland

Subboreal coniferousdeciduous forest

LAKES and WETLANDS

1) topographic model

Riverine and Palustrine Wetlands DEM (SRTM) and drainag 2) edited per manual

large river floodplais network (HydroSHEDS) | interpretation of
small river rioarian areas and satellite imagery satellite imagery and
P (Landsat 5 TM) 3) stratified by major
ephemerally wet depressions basins.
Lakes and small water bodies
Large lakes Vostokova & Gunin (2005

manual interpretation,
mapped as polygons
and mint locations;

satellite imagery (Landsat

Small lakes and water bodies 5 TM)
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Table 3: Ecosystem types: distribution by biogeoraphic zone (page 1 of 2)

Biogeographic Zone:

_ _ Mongolian-Manchurian Grassland Daurian Forest Steppe TransBaikal
Terrestrial Ecoregiorfs Boreal Forest
Mandal Pre- Menengiin | Middle | Tola :
Ecological zees® Orkhon Gobi | Khingan Tal Kherlen | Onon Dharkhan Uldzin
UPLAND Total
matrix-forming steppe
Desert Steppe 9,651 km? 7,360 2,290
Dry Steppe * 129,505 km? 30,430 1,998 46,343 48,672 2,063
Moderately Dry Steppe * 112,378 km? 8,223| 22,860 3,499 30,417 19,836, 3,772 13,679| 10,090
Meadow Steppe 89,359 km? | 12,954 10,955 6,639 4,510 2,545/ 20,077 8,221| 19,516 3,942
Sand massives 3,246 km? 288 1,710 100 985 163
Cinder cones 135 km? -- -- -- -- -- -- -- -- --
Boreal Forest
High mountain tundra 1,076 km? - - - - - - - - -
Alpine meadow and
Subalpine woodland 2,891 km -- -- -- -- -- -- - - -
High mounain steppe 458 km? -- -- -- -- -- -- - - -
Mountainious boreal
coniferous forest 15,759 km? -- -- -- -- -- -- -- -- --
High mountain deciduous
coniferous woodland 380 km? -- -- -- -- -- -- -- -- --
Subboreal coniferous
deciduous forest 25,521 km? 333 847 8,496 4,441 563 10,842

* stratified by landforms
! Vorostokova & Gunin (2005)
2Qlson et al. (2001)

Identifying Conservation Priorities in the Face of Future Development4



Table 3: Ecosystem types: distribution by biogeoraphic zone (continued from previous page)

LAKES and WETLANDS Total
Gal Matad

Riverine and Palustrine Wetlands Selinge Onon Kherlen Uldz Khalkh  Tuul east endorheic

large river floodplains 10,021 km? 4,019 1,384 3,014 721 792

small river riparian areas 10,267 km’ 2,200 919 2,775 1518 1,878 977

ephemerally wet

depressions 6,566 km? 2,866 3,701

Buul Gal Matad Middle Matad NE

Lakes and small waterbodies Selinge Onon Kherlen Uldz Nuur Tuul east Khalkha Kkalkha north Dornod

Lakes 1,579 km? 49 10 73 107 691 186 55 56 56 36 260

small water bodies ** 1,291 96 41 169 112 70 81 68 268 146 99 141

** units = count
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Tierl: BiogeographicZones

Biogeographic Zonespresent broadregional patterns oflimate, physiographyandrelated variation

in species and geneticgorwidespread ecosystenypes such as Dry Steppsratification by
biogeographic zone captures regional differences in species composition and environmental patterns,
and ensures that site selection will include multiple occurrences that are geographiséilyuied

across the study area. This geographic redundanayides soménsurance against local extinctions
caused by disturbance events such as climate extremes, disease and/or invasive species.

For upland ecosystem typesgwldineatedbiogeographi zonedased on the combination @ftological
zonesmapped byostokova and Gunin (2005) and WWF terrestrial ecoregidlssii et al. 2001)as
shown in Figur®. For Lakes and wetlands, we defined biogeographic zacesrding to the
boundaries ofmajor river basinsderived from HydroSHEDsehner, Verdin & Jarvis, 200 shown in
Figures6 and 7

Tier II: Terrestrial Ecosystems

Ecosystemare generally defined as a biotic component (vegetation) and abiotic component (physical
environmental featues and processes)lable2 listseach ecosystem type, source data and mapping
method. Ecological definitions of the ecosystems typeslatedin Appendix 1. Tabl@lists the
distribution of each ecosystem type by biogeographic zamelFigure5 isa map of ecosystem types

and biogeographic zones.

For upland ecosystems, our primary data source was a map developémstnpkovaand Gunin (2005).
This map was was 1dassified by WWF to produce a national mapped ecosystem classifiCafityif
2010. This was also the source for mapping large lakes.

To map floodplains and riparian wetlands, we used a GIS topographic model that delineates potential
riverine wetlands based on topography of the stream channel, as derived from a digital elevation model
(Lehner, Verdin & Jarvis, 2008 3second (77m) resolution. We edited the model results based on
manual interpretation of the satellite imagery described previously, and classified the resulting features
as large river floodplains and riparian areasoagsted with smaller tributaries and ephemeral streams.

We further classified the floodplains and wet riparian areas according to major river basin. In endorheic
basins, we classified the wet lowland features as ephemerally wet valley bottoms, whicallgyform

salty depressions, and divided these into two-gangraphic zones, as shown in Figure 6 and described

in Table 3.

To mapsmall lakes andvaterbodies, we digitizethe boundaries and point locations wfater bodies
through manual interpretatiorof satellite imagery. We compilé&#t Landsat TM5 satellitscenedo

cover the study are@NASA 2009 The date of acquisition for 31 of the scenes was between June 30 to
September 28, 2009. For 3 scenes, the best available image was acquired intge@ear. Pre
processing included an atmospheric correction algorithm and tasseled cap transforfiE2ROAS 1999
The tasseled cap transformation produces-ba®d image that improves the contrast between bare
ground, water, and vegetation. The resndf image is very useful for classification and manual
interpretation of landscape features. Using the transformed images, we digitized waterbodies on
screen at 1:250,000. Through this process, we added 210 polygon lake features for waterbodies larger
than 0.3 kmdand 1565 point features for small water bodies smaller than O.§.kﬁinally, we classified
lakes and water bodies by river basin or biogeographic zone, as shown in Figure 7.
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Figure 5: Terrestrial Ecosystems
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Figure 6: Floodplains, riparian areas and otluepressionalwetlands
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Figure 7: Lakes & small water bodies
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