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Abstract: Mountains are remarkable storehouses of global biodiversity that provide a broad range
of ecosystem services underpinning billions of livelihoods. The world’s network of protected areas
includes many iconic mountain landscapes. However, only ca. 19% of mountain areas globally
are protected (excluding Antarctica); many mountain areas are inadequately (<30% of their total
terrestrial area) or completely unprotected. To support the UN Convention on Biological Diversity’s
Global Biodiversity Framework goal of protecting at least 30% of the world’s lands by 2030, we
have developed a strategic decision-support tool for identifying and prioritizing which candidate
mountain areas most urgently require protection. To test its efficacy, we applied the tool to the Western
Himalaya Case Study Area (WHCSA). The six-step algorithm harnesses multiple datasets including
mountain Key Biodiversity Areas (KBAs), World Terrestrial Ecosystems, Biodiversity Hotspots, and
Red List species and ecosystems. It also makes use of other key attributes including opportunities
for disaster risk reduction, climate change adaptation, developing mountain tourism, maintaining
elevational gradients and natural ecological corridors, and conserving flagship species. This method
resulted in nine categories of potential action—four categories for follow-up action (ranked by order
of importance and priority), and five categories requiring no further immediate action (either because
countries are inadequately equipped to respond to protection deficits or because their KBAs are
deemed adequately protected). An area-based analysis of the WHCSA identified 33 mountain KBAs
regarded as inadequately protected, which included 29 inadequately protected World Mountain
Ecosystems. All 33 inadequately protected KBAs in the WHCSA are Category A1: first-priority
mountain KBAs (located in the Himalaya Biodiversity Hotspot in developing countries), requiring
the most urgent attention for protection and conservation. Priorities for action can be fine-filtered
by regional teams with sufficient local knowledge and country-specific values to finalize lists of
priority mountain areas for protection. This rapid assessment tool ensures a repeatable, unbiased,
and scientifically credible method for allocating resources and priorities to safeguard the world’s
most biodiverse mountain areas facing myriad threats in the Anthropocene.
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1. Introduction

Mountains support a quarter of the world’s terrestrial biodiversity and account for
nearly half of the world’s biodiversity hotspots [1]. Despite covering ca. 22–25% of the
world’s continental land surface, mountains are home to more than 85% of the world’s
species of amphibians, birds, and mammals [2]. Mountains are recognized as regionally
and globally important centres of biodiversity [3] that act as cradles, barriers, and bridges
for species [4], contributing disproportionately to the terrestrial biodiversity of Earth. This
is especially true in the tropics, where they host extraordinary species richness [2]. Given
the sharp gradients of climate and topography over relatively short geographic distances,
mountains exhibit high levels of endemism and beta diversity at genetic, species, and
ecosystem scales of biological organization [4,5].

Mountains not only harbour critically important biodiversity: they also constitute
the headwaters of all major rivers and thus are aptly named “water towers,” supplying
at least half of the human population’s freshwater needs for domestic use, irrigation, and
hydropower (green energy) [6]. Mountains are rich in natural resources—providing raw
materials that support people’s livelihoods and underpin the economies of communities
and nations [6]. Mountains are also centres of cultural and ethnic diversity, crucial for
the survival and sustainability of many human societies, while simultaneously holding
significant recreational, aesthetic, and spiritual values [7,8]. Healthy, resilient mountain
ecosystems equally buffer natural hazards, mitigate greenhouse-gas emissions via carbon
sequestration, and they can serve as early-warning systems of global change [9,10]. More
directly, mountains play a major role in determining and regulating global and regional
climates [4,11]. It is not surprising, therefore, that mountains provide the most diverse and
highest number of ecosystem services, compared to other physiographic land features and
systems [5,12,13].

However, like many other biomes and regions, mountains are experiencing acute
impacts associated with climate and global change. Climate change is influencing moun-
tains at a faster rate than other terrestrial habitats globally, especially in areas near the
0 ◦C isotherm [14,15]. The potential medium- to long-term impacts of climate change in
mountains are predicted to include considerable and unprecedented changes to ecosys-
tems, which are likely to be further altered by various anthropogenic interventions [5].
With ongoing global changes in climate and land use, the role of mountains as refugia for
biodiversity may become compromised [2]. Despite providing life-essential goods and
services, mountain ecosystems, particularly alpine grasslands, remain poorly studied and
are amongst the most imperilled of the world’s ecosystems [16]. Outside Antarctica, 17–19%
of mountain areas are protected globally [17,18]. Although the most strongly protected
terrestrial areas occur disproportionately in mountains at regional to global scales [19,20],
significant mountain areas are regarded as inadequately protected [21,22]. Nearly 40% of
the world’s mountain ranges do not contain any protected areas [23]. This merits further
investigation, as mountains are considered vulnerable places due to the expansion of hu-
man activities and resulting economic development, land-use change, and the effects of
climate change [24]. Biodiversity in mountains is particularly at risk, as many montane
species are adapted to narrow microhabitats, sometimes making them less able to adjust to
climate change [25]. Climate change responses particular to mountains include shifts in
species’ distributions through upslope retractions, “elevators to extirpation,” altered use of
aspects, phenological shifts, and differential use of microrefugia [26–28]; such changes may
have broad-ranging consequences [29]. Many of the world’s mountains lack elevational
corridors to conserve biodiversity. Securing mountain protected areas to better represent
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and connect elevational gradients may safeguard mountain biodiversity, enhance ecological
representation, and facilitate species migration and range shifts [23,30]; efficacy can be
further complemented by considering conservation at broader spatial scales [31]. These
measures will also safeguard mountain biomes such as forest, shrubland, grassland, sparse
and bare cover, and areas with snow and ice; of which the grassland biome is most poorly
protected [17] (Figure 1).
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These dynamic aspects of mountains and their limited and variable levels of protection
warrant further measures to identify, expand, and secure new mountain protected areas
in ways that are equitable and fair to local communities. Global change threats (including
climate change) necessitate adequate conservation measures that build ecological resilience
in mountains [1]. Mountains, however, are not only biophysical entities; they are integrated
and often complex socioecological systems [32]. Therefore, establishing more protected and
conserved areas in mountains may be vital for ensuring the sustainable use of mountain
natural resources in partnership with local communities and could better safeguard the
most biodiverse mountains on the planet. This may be achieved through both top-down and
bottom-up interventions. We focused on the development of a rapid, top-down strategic
approach as one means of addressing the under-representation of protected area coverage
in mountain areas. Therefore, our overall aim was to develop a scientifically credible
decision-support tool for the identification of inadequately protected mountain areas (<30%
of total terrestrial area) and prioritize their importance for protection and conservation.
More specifically, our strategic, evidence-based prioritization tool for identifying and
proposing sites as potential new protected areas in mountain regions of the world involves
the following three core objectives: (1) identifying which mountain areas are currently
under-protected and poorly conserved; (2) developing a structured decision-support tool
to prioritize which mountain areas require the most urgent protection and conservation
and apply it to the Western Himalaya as a case study to test its efficacy; and (3) creating an
enabling environment whereby governments, the International Union for Conservation
of Nature (IUCN) World Commission on Protected Areas (WCPA), NGOs, and mountain
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communities can pursue further actions that will assist in the conservation of the highest-
priority mountain areas.

This approach should simultaneously (1) reinforce an understanding and appreciation
of the critical natural and cultural values of mountain ecosystems; (2) help mitigate the
threats to their integrity and ecological functions; and (3) advocate the importance of
protecting and conserving representative mountain ecosystems through the most efficient,
fair, and equitable ways possible.

2. Materials and Methods

We developed an iterative decision-support tool or “decision tree” (an algorithm
with spatially explicit applications) that follows six steps to identify which mountain areas
should be secured as protected or conserved areas in global priority regions. Because spatial
conservation planning is complex and involves many interrelated factors, our decision-
support tool is intended for rapid and strategic application at regional to global scales, with
the aim to identify area-based priorities for new mountain protected and conserved areas.
We applied this method to the Western Himalaya Case Study Area to identify priority areas
for mountain conservation in the region. Our approach hinged upon the following key
definitions, datasets, frameworks, and principles:

2.1. Nature-Based Solutions: A Framework for Protected and Conserved Areas

The “nature-based solutions” framework emerged from the Ecosystem Approach,
which underpins the UN Convention on Biological Diversity (CBD) and considers biodi-
versity conservation and human well-being to be dependent on functioning and resilient
natural ecosystems [33]. The Ecosystem Approach is a strategy for the integrated manage-
ment of land, water, and living resources that promotes their conservation and sustainable
use, with benefits shared equitably amongst all stakeholders and rights holders [33,34].

“Nature-based solutions” is an umbrella concept for ecosystem-related approaches
employed to address societal challenges through the protection, sustainable management,
and restoration of ecosystems [35]. These approaches have their roots in the relationship
between biodiversity and human well-being [36]. The IUCN has recently published a
Global Standard for nature-based solutions [37].

“Protection” may include area-based conservation approaches such as securing and
managing protected areas [35] to complement species-specific conservation efforts. These
are a cornerstone of global conservation efforts to stem biodiversity loss and focus on
protecting important ecosystems and habitats [38]. They include a wide diversity of
approaches, geographical scales, and interactions between nature and people.

We follow the IUCN definitions of protected areas, protected area management cat-
egories, and governance types [39]. We also subscribe to the expansion of area-based
protection to include “protected and conserved areas” (Figure 2). Conserved areas are areas
that effectively achieve conservation in situ [40]. They include well-managed protected
areas, areas under “other effective area-based conservation measures” (OECMs), “Terri-
tories of Life” (also known as “Indigenous Peoples’ and Local Communities Conserved
Areas and Territories” (ICCAs) [40–44], as well as unmanaged and ungoverned areas [44].
“Other” conserved areas are those areas and territories that, regardless of formal recogni-
tion or dedication and at times regardless of explicit or conscious management practices,
are de facto conserved and/or are showing improved conservation measures likely to be
maintained long term [45]. Despite the crucial role of “other” conserved areas, their extent
is relatively poorly known but monitoring is improving [41–43]. Due to historical data
collection methods and reporting obligations, the UN Environment Programme World
Conservation Monitoring Centre (UNEP–WCMC) has maintained the World Database of
Protected Areas (WDPA). This database is primarily based on protected area data reported
by governments, and, as a requirement, all sites included in the database meet the IUCN or
CBD definition of a protected area [46], together with OECMs and Territories of Life [44]
(Figure 2).
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2.2. The Convention on Biological Diversity and the Kunming–Montreal Global
Biodiversity Framework

The Kunming–Montreal Global Biodiversity Framework (GBF) was agreed to at the
15th meeting of the Conference of Parties (COP 15) to the CBD [47]. The GBF includes
concrete measures to halt and reverse nature loss through 23 target objectives. Target 3
states that by 2030, at least 30% of terrestrial, inland water, and coastal and marine areas,
especially areas of particular importance for biodiversity and ecosystem functions and
services, are effectively conserved and managed through ecologically representative, well
connected, and equitably governed systems of protected areas, OECMs, and Territories of
Life [47].

This target replaces the previous GBF Aichi Target 11, adopted in 2010, which aimed to
have at least 17% of terrestrial and inland water, and 10% of marine areas, protected by 2020.
Although these thresholds were not met by 2020, the March 2023 Protected Planet Report
indicates that 17.08% of terrestrial areas and 8.26% of marine areas now are protected [48].

2.3. Key Biodiversity Areas (KBAs) and Mountain KBAs

We used multiple input datasets, but principally selected Key Biodiversity Areas
(KBAs) as a starting point for numerous reasons. KBAs are sites contributing significantly to
the global persistence of biodiversity, in terrestrial, freshwater, and marine ecosystems [49].
KBAs are the most comprehensive dataset on areas of global importance for biodiversity.
Protected area coverage of KBAs is used by the CBD as one of the measures to track
progress toward Aichi Target 11 (now CBD Target 3) and is also a recognized indicator for
the UN Sustainable Development Goals [49]. Of >15,000 terrestrial KBAs identified to date,
ca. 40% occur in mountains [50]. As indicators of geographic priorities for species-level
conservation efforts, they demonstrate high conservation importance. Of the 6109 KBAs
located in mountains, only 996 (16.3%) are entirely covered by protected areas, while
2467 (40.4%) have no protection, leaving 2646 (43.3%) only partially protected [51,52].

For KBAs to have the highest likelihood of long-term provision of ecosystem services
and long-term conservation of species, it is important to ensure that KBAs achieve better
protection within protected areas and OECMs [46]. KBAs can support the strategic expan-
sion of protected area networks and assist governments and civil society in working toward
achieving new biodiversity targets for protected and conserved areas. KBA criteria incor-
porate threatened biodiversity, geographically restricted biodiversity, ecological integrity,
biological processes, and irreplaceability assessed through quantitative analyses [49].
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Availability of mountain KBA data is a key strategic opportunity to support and
facilitate advancement in the protection of mountains and their contribution to conserving
global biodiversity and supporting societal well-being. Thus, the spatial extent of protection
of mountain KBAs is the main factor used in this assessment framework to initially identify
inadequately protected mountain areas for further assessment. Given the large number
of partially or completely unprotected KBA sites, this framework will help to provide a
pragmatic focus by applying clear logic with explicit, transparent criteria to prioritize areas
for potential action on a repeatable basis.

2.4. Biodiversity Hotspots

The concept of biodiversity hotspots was initially proposed by Conservation Interna-
tional [53]. To qualify as a global biodiversity hotspot, a region must meet two strict criteria:
it must host at least 1500 vascular endemic plant species, and its original extent must have
been reduced by 70% or more (leaving less than 30% of its original area remaining). A
hotspot is thus both threatened and irreplaceable [53]. Around the world, 36 areas qualify
as biodiversity hotspots [54]. Although only representing ca. 2.4% of Earth’s land surface,
these contain >50% of the world’s endemic plant species and ca. 43% of the world’s en-
demic bird, mammal, reptile, and amphibian species. About half of the world’s biodiversity
hotspots occur in mountain regions. Examples of key mountain areas that are recognized as
biodiversity hotspots include the mountains of Central Asia, the Himalaya, Tropical Andes,
Caucasus, Eastern Afromontane, and the mountains of southwest China. Biodiversity
hotspot locations and their associated values appear on the Critical Ecosystem Partnership
Fund website [54].

2.5. IUCN Red Lists for Species and Ecosystems

The IUCN Red List of Threatened Species is the world’s most comprehensive source
of information on the global conservation status of animal, fungi, and plant species. By
evaluating the extinction risk of thousands of species, it is a powerful tool to inform and
catalyze actions for biodiversity conservation. It also influences policy by highlighting
the changes that are critical to protecting the natural resources and associated processes
that humans rely on [55]. The Red List is overseen and guided by the Red List Committee,
which in turn is coordinated by the IUCN Global Species Programme and the Species
Survival Commission. Associated criteria and data are available from the website [55] to
determine the threat status of a species (or ecosystem) [56].

For its part, the IUCN Red List of Ecosystems is a global standard for assessing
the status of ecosystems at local, national, regional, and global levels. This second Red
List is coordinated by the IUCN Commission on Ecosystem Management. Completed
assessments are accessible from the website, as are guidelines and criteria for carrying out
new assessments [57]. Red Lists were valuable for ranking the importance of protecting or
conserving a mountain KBA based on the number of Red Listed species and ecosystems
present in the focal area.

2.6. Mountain Ecosystems: Classification and Level of Protection

The principle of ecosystem representation in protected areas and other conservation
management strategies is a foundational element of conservation priority setting and
systematic conservation planning [58]. It is recognized that conservation of as much as 30%
or more of an ecosystem’s distribution might be necessary for the ecosystem to provide
sufficient habitat for species persistence [59]. Nevertheless, ecosystem protection of over
17% may be considered relatively well represented.

A new classification of the world’s terrestrial ecosystems incorporated global tempera-
ture domains, global moisture domains, global landforms, and global vegetation and land
use, at a fine-scale resolution of 250 metres [17]. Some 431 World Terrestrial Ecosystems
(WTE) have been identified. If each of the 431 globally aggregated ecosystems were to
occur in each of the seven realms there would be 3017 ecosystem units for considera-



Land 2023, 12, 1323 7 of 21

tion (431 × 7 = 3017). However, each ecosystem does not occur in every realm (e.g., moist
tropical forests in mountains do not occur in the Nearctic realm), and accordingly, the
total number of observed ecosystem units according to this classification is 1778. Of the
431 WTEs, 278 are considered natural or semi-natural vegetation/environment combina-
tions. Of these WTEs, 77 (28%) are identified as mountain ecosystems covering 32% of the
world’s natural or semi-natural ecosystems (Table 1) [17]. Freshwater ecosystems within
mountain regions are currently being mapped and are expected to soon be added to the
World Ecosystem dataset.

Table 1. Protection levels of World Terrestrial Ecosystems occurring in mountains [17].

Mountain Terrestrial Ecosystems Area
(km2)

% Protected
IUCN Cat. I–IV

% Protected
IUCN Cat. I–VI

Area Protected
(km2)

Boreal Desert Sparsely or Nonvegetated on Mountains 1530 0 0 0

Boreal Desert Grassland on Mountains 1803 0 0 0

Cool Temperate Desert Grassland on Mountains 33,683 0.006 0.006 2

Polar Desert Grassland on Mountains 951 0.03 0.09 1

Warm Temperate Desert Forest on Mountains 108 0.05 0.66 1

Warm Temperate Desert Shrubland on Mountains 23,376 2.15 2.68 626

Cool Temperate Dry Grassland on Mountains 826,432 1.4 3.31 27,355

Tropical Desert Forest on Mountains 581 0 3.34 19

Tropical Desert Shrubland on Mountains 10,054 0.6 3.34 336

Polar Desert Snow and Ice on Mountains 11 0 3.92 0.4

Warm Temperate Dry Grassland on Mountains 480,653 1.63 5.79 27,830

Tropical Dry Sparsely or Nonvegetated on Mountains 401,978 2.87 6.17 24,802

Polar Dry Grassland on Mountains 940,507 3.26 6.66 62,638

Subtropical Desert Forest on Mountains 602 4.09 7.15 43

Cool Temperate Desert Sparsely or Nonvegetated
on Mountains 98,924 5.24 7.36 7281

Warm Temperate Desert Grassland on Mountains 2500 5.53 7.62 191

Subtropical Moist Grassland on Mountains 129,111 1.97 7.93 10,239

Boreal Dry Grassland on Mountains 476,082 6.42 8.08 38,467

Cool Temperate Dry Sparsely or Nonvegetated
on Mountains 749,317 4.97 8.64 64,741

Warm Temperate Desert Sparsely or Nonvegetated
on Mountains 201,681 3.64 8.88 17,909

Cool Temperate Dry Shrubland on Mountains 591,941 6.19 9.02 53,393

Warm Temperate Dry Sparsely or Nonvegetated
on Mountains 834,991 2.74 9.17 76,569

Warm Temperate Moist Grassland on Mountains 176,172 2.2 9.35 16,472

Tropical Moist Sparsely or Nonvegetated on Mountains 6893 4.27 10.09 696

Tropical Moist Grassland on Mountains 43,999 3.27 10.35 4554

Cool Temperate Dry Forest on Mountains 630,661 7.11 10.46 65,967

Subtropical Moist Shrubland on Mountains 525,318 4.43 10.53 55,316

Boreal Moist Forest on Mountains 3,544,054 7.5 10.74 380,631

Cool Temperate Desert Shrubland on Mountains 11,810 2.06 10.83 1279

Subtropical Dry Sparsely or Nonvegetated on Mountains 547,647 3.33 11.55 63,253
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Table 1. Cont.

Mountain Terrestrial Ecosystems Area
(km2)

% Protected
IUCN Cat. I–IV

% Protected
IUCN Cat. I–VI

Area Protected
(km2)

Cool Temperate Desert Forest on Mountains 19 6.09 11.73 2

Boreal Dry Forest on Mountains 894,446 6.88 11.82 105,724

Boreal Dry Sparsely or Nonvegetated on Mountains 323,358 7.86 12.04 38,932

Boreal Dry Snow and Ice on Mountains 1201 5.75 12.22 147

Warm Temperate Dry Shrubland on Mountains 1,045,259 5.12 12.46 130,239

Polar Dry Snow and Ice on Mountains 60,407 6.88 12.61 7617

Polar Moist Grassland on Mountains 722,899 8.59 12.95 93,615

Tropical Desert Grassland on Mountains 2557 1.31 13.13 336

Tropical Dry Grassland on Mountains 111,453 5.01 13.15 14,656

Cool Temperate Dry Snow and Ice on Mountains 549 9.2 13.25 73

Boreal Moist Grassland on Mountains 356,929 8.56 13.99 49,934

Subtropical Dry Grassland on Mountains 254,297 3.5 15.1 38,399

Warm Temperate Moist Forest on Mountains 2,265,851 7.06 15.43 349,621

Tropical Desert Sparsely or Nonvegetated on Mountains 364,302 5.66 15.61 56,868

Polar Desert Shrubland on Mountains 7645 2.96 15.81 1209

Warm Temperate Moist Shrubland on Mountains 158,965 4.93 16.06 25,530

Polar Dry Sparsely or Nonvegetated on Mountains 464,152 7.69 16.13 74,868

Boreal Moist Shrubland on Mountains 699,650 9.9 16.17 113,133

Tropical Dry Forest on Mountains 306,806 7.01 16.6 50,930

Polar Dry Shrubland on Mountains 81,709 9.9 17.33 14,160

Boreal Moist Sparsely or Nonvegetated on Mountains 584,985 12.59 18.57 108,632

Tropical Moist Shrubland on Mountains 201,410 7.16 18.63 37,523

Boreal Dry Shrubland on Mountains 95,461 8.34 18.87 18,013

Polar Dry Forest on Mountains 34,626 15.78 18.91 6548

Tropical Dry Shrubland on Mountains 311,581 7.35 19.15 59,668

Subtropical Dry Forest on Mountains 753,774 5.61 19.68 148,342

Subtropical Dry Shrubland on Mountains 999,352 6.14 21.03 210,164

Subtropical Moist Forest on Mountains 3,012,368 10.6 21.35 643,141

Cool Temperate Moist Grassland on Mountains 439,006 8.43 21.44 94,123

Polar Desert Sparsely or Nonvegetated on Mountains 10,977 7.79 21.79 2392

Warm Temperate Dry Forest on Mountains 561,636 5.6 21.84 122,661

Polar Moist Shrubland on Mountains 168,806 12.09 22.24 37,542

Cool Temperate Moist Forest on Mountains 2,854,983 12.24 22.52 642,942

Subtropical Desert Sparsely or Nonvegetated
on Mountains 505,825 13.3 23.74 120,083

Warm Temperate Moist Sparsely or Nonvegetated
on Mountains 11,611 10.4 24.21 2811

Polar Desert Forest on Mountains 30 6.66 24.29 7

Polar Moist Sparsely or Nonvegetated on Mountains 950,754 18.97 25.81 245,390

Subtropical Moist Sparsely or Nonvegetated
on Mountains 7962 8.93 26.05 2074
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Table 1. Cont.

Mountain Terrestrial Ecosystems Area
(km2)

% Protected
IUCN Cat. I–IV

% Protected
IUCN Cat. I–VI

Area Protected
(km2)

Subtropical Desert Grassland on Mountains 8759 15.21 29.25 2562

Tropical Moist Forest on Mountains 2,076,010 12.1 30.11 625,087

Polar Moist Forest on Mountains 179,170 19.81 30.56 54,754

Subtropical Desert Shrubland on Mountains 20,822 22.38 32.66 6800

Cool Temperate Moist Shrubland on Mountains 275,865 22.13 37.88 104,498

Cool Temperate Moist Sparsely or Nonvegetated
on Mountains 139,267 25.79 38.85 54,105

Boreal Moist Snow and Ice on Mountains 32,729 36.21 39.67 12,984

Polar Moist Snow and Ice on Mountains 298,440 33.44 42.67 127,344

Cool Temperate Moist Snow and Ice on Mountains 10,711 54.78 60.09 6436

Total 33,962,744 5,663,230

2.7. Mountain Moisture/Vegetation Classes: Coverage and Protection

To obtain a sub-biome, landscape-level perspective of coverage and protection, moun-
tain areas were classified by moisture domains because moisture (along with temperature)
is a key factor driving biotic distributions [17]. Mountain Ecosystems were identified using
15 moisture/vegetation classes based on World Vegetation and 2015 Land-Cover Data and
World Moisture Domains [17]. This approach resulted in the identification of 77 Mountain
Ecosystems (of the 278 natural or semi-natural World Ecosystems). Area coverage and level
of protection of the moisture/vegetation classes in mountains are outlined in Table 2.

Table 2. Moisture/vegetation classes ranked by proportion in mountains (area and level of protection).
Data are derived from [17].

Moisture/Vegetation Classes Size (km2)
% of Global Total

Area of Mountains
Area Protected

(km2) % Protection

Desert Snow and Ice on Mountains 11 0.00003 0.43 3.9

Desert Forest on Mountains 1340 0.00395 73 5.4

Desert Grassland on Mountains 50,253 0.14797 3091 6.2

Dry Snow and Ice on Mountains 62,157 0.18302 7836 12.6

Desert Shrubland on Mountains 73,707 0.21702 10,250 13.9

Moist Snow and Ice on Mountains 341,880 1.00663 146,764 42.9

Desert Sparsely or Nonvegetated on Mountains 1,183,239 3.48393 204,532 17.3

Dry Grassland on Mountains 3,089,424 9.09651 209,345 6.8

Moist Grassland on Mountains 1,868,116 5.50049 268,937 14.4

Dry Sparsely or Nonvegetated on Mountains 3,321,443 9.77967 343,165 10.3

Moist Shrubland on Mountains 2,030,014 5.97718 373,542 18.4

Moist Sparsely or Nonvegetated on Mountains 1,701,472 5.00982 413,707 24.3

Dry Shrubland on Mountains 3,125,303 9.20215 485,638 15.5

Dry Forest on Mountains 3,181,949 9.36894 500,172 15.7

Moist Forest on Mountains 13,932,436 41.02270 2,696,176 19.4

Total Area 33,962,744 5,663,229 16.7
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2.8. Decision-Support Tool for Prioritizing Mountain Areas for Protection and Conservation

A decision-support tool for identifying inadequately protected mountain KBAs and
prioritizing their importance for protection is summarized in Figure 3. The algorithm-type
framework or decision-tree contains six iterative steps for allocating ca. 6000 mountain
KBAs to various categories, each prompting different actions. Data and maps of global
protected areas and KBAs by biogeographical realm were derived from the UNEP–WCMC
and Birdlife International spatial coverages that supported the preparation of the Protected
Planet Report and Sustainable Development Goals in 2016 (Indicator 15.4.1: “coverage
by protected areas of important sites for mountain biodiversity”). Protection status was
derived from the WDPA and KBA status from the World Database of KBAs [48,50–52].
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The mountain KBA maps were discussed at a workshop of the IUCN World Conserva-
tion Congress (WCC) in Hawaii (USA) in 2016. Subsequently, the tool was developed with
broad stakeholder engagement for design, reliance on principles of conservation ecology,
and a robust consultation process including peer review. The United States Geological
Survey has provided new data on World Terrestrial Ecosystems and their level of protec-
tion [17]. This product was presented at the IUCN WCC in Marseilles (France) in 2021 with
feedback incorporated into final design and trial application. We tested this method in the
Western Himalaya Case Study Area (see Section 2.9).

2.8.1. Step 1: Identification of Inadequately Protected Mountain KBAs

The first step in this process of prioritizing mountain areas for protection identifies
mountain KBAs considered inadequately protected and which require further examination.
“Inadequately protected” is defined as those mountain KBAs for which less than 30% of
their area is protected or conserved. “Protected or conserved areas” are those KBAs that
are listed on the WDPA as a protected area or OECM following IUCN definitions [39]. Data
sources are detailed below.

Attribute Data Source

Protected areas World Database of Protected Areas [48]

KBA data and maps World Database of KBAs [50]

KBA and protected area status Integrated Biodiversity Assessment Tool [51,52]

Quantification of global coverage of KBAs by
protected areas

Data held by IUCN WCPA Mountains
Specialist Group [51]

2.8.2. Step 2: Identification of Appropriate Countries for Heightened Consideration

The second step considers countries where there are inadequately protected mountain
KBAs from step 1 to determine if they are appropriate for further evaluation. Prioritization
and heightened consideration will focus on countries that are relatively politically stable,
have capacity and resources to build on an established network of protected or conserved
areas, and where the assessment team (e.g., WCPA or in-country agencies) has access to
regional representatives with appropriate expertise and local knowledge.

Attribute Data Source

Suitability of country to proceed
with assessment

Assessing the suitability of a country is rather subjective.
Guidance of the relevant IUCN regional representatives and
protected area experts should therefore be sought.

Availability of in-country
expertise for assessment
of KBAs

Regional in-country expertise and knowledge is crucial for
accurate validation of the protection status of KBAs in step 3
and to assess and rank other protected area values in step 4.
The IUCN WCPA Mountains Specialist Group regional
representatives will determine if such support is available. If
this expertise is not available or accessible at this stage, the
assessment of KBAs in that country will be set aside, until
adequate capacity becomes available.

2.8.3. Step 3: Validation of Protection and Conservation Status of Mountain KBAs

The third step validates the information available on the WDPA and the UNEP–WCMC
analysis of spatial overlap between KBA polygons and WDPA polygons [51] using the list
of inadequately protected KBAs from steps 1 and 2. This should be performed by regional
experts with access to on-the-ground local knowledge. Mountain KBAs initially identified
as being inadequately protected may, upon further investigation, be noted as adequately
protected or conserved through unregistered de facto instruments. These may be OECMs,
Territories of Life (ICCAs), or protected areas that have not yet been registered on the
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WDPA and/or choose not to be formally recognized. Information in the WDPA may also
be incorrect. Additionally, even if not formally protected or conserved, some mountain
KBAs may not be at risk or under any threat and thus would remain a lower priority for
action. Only those mountain KBAs where a status of inadequate protection is validated
move to step 4 for further consideration.

Attribute Data Source

Protection and conservation status

Protected area specialists and regional
representatives of the IUCN WCPA Mountains
Specialist Group to assist the validation of
protection and conservation status [40].

2.8.4. Step 4: Ranking of Priority Mountain KBAs by Importance, Urgency, and Viability

The fourth step evaluates each mountain KBA on the list of inadequately protected
KBAs in countries that can accommodate further evaluation and that have had their protec-
tion status validated. These KBAs will be scored and ranked as candidates for prioritized
consideration against a range of additional values and attributes that individually and
collectively contribute to increasing their likelihood of protection. Rankings are based on
cumulative scores as calculated in the decision-support tool (Figure 3). This evaluation is
undertaken at the regional level; cumulative scores rank the importance of each mountain
KBA within the region. A broad range of mountain values and attributes are assessed to
confirm and augment the significance of protecting and/or conserving mountain KBAs.
Attributes and supporting data are listed below.

Attribute Data Source

Presence of inadequately protected
world ecosystems

[17]

Opportunity to enhance connectivity
IUCN–WCPA Guidelines for Conserving Connectivity
through Ecological Networks and Corridors [60];
Conservation Corridors [61]

Presence of flagship or iconic species or
ecological communities

A flagship species is a charismatic species selected to
act as an ambassador, icon, or symbol for a defined
habitat. Iconic species or ecological communities may
be internationally recognized or determined by
regional expertise. The snow leopard is an example for
High Asia [62].

Presence of Red List species [55]

Presence of Red List ecosystems [57]

Wide range of elevation gradients
Qualitative assessment based on local knowledge and
expertise; see also [23]

Conservation of KBAs would provide
benefits to local mountain communities,
mainly through the protection of critical
resources and provision of
ecosystem services

IUCN–WCPA Tools for Measuring, Modelling, and
Valuing Ecosystem Services [63]

Protection of cultural sites, cultural
heritage, and cultural landscapes

Qualitative assessment based on regional and
in-country cultural heritage information and World
Heritage Cultural Sites [64]
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Attribute Data Source

Ecotourism opportunities that benefit
mountain communities

Qualitative assessment based on local knowledge and
inputs from the tourism industry and ecotourism
strategies;
IUCN–WCPA Tourism and Visitor Management in
Protected Areas: Guidelines for Sustainability [65]

Peace building across borders

Qualitative assessment based on local knowledge in
transboundary scenarios;
IUCN Commission of Environment, Economic, and
Social Policy (CEESP) and IUCN–WCPA Global
Transboundary Conservation Network Transboundary
Diagnostic Tool [66]

Vulnerability to climate change and/or
opportunity to mitigate the impacts of
climate change

Qualitative assessment based on regional knowledge
and on climate change mitigation and
adaptation plans.

Disaster Risk Reduction (DRR)

Qualitative assessment based on regional knowledge
and risk assessments;
Reducing Vulnerability: The Role of Protected Areas in
Mitigating Natural Disasters [67]; IUCN–WCPA
Natural Solutions: Protected Areas as Tools for
Disaster Risk Reduction [68];
IUCN–WCPA Helping Nature Help Us: Transforming
Disaster Risk Reduction Through Ecosystem
Management [69];
IUCN–WCPA Safe Havens: Protected Areas for
Disaster Risk Reduction and Climate Change
Adaptation [70]

2.8.5. Step 5: Identification of Priority Mountain KBAs Located in Biodiversity Hotspots

The fifth step determines whether mountain KBAs on the ranked list from step 4 occur
in biodiversity hotspots. By definition, biodiversity hotspots have very high threat values
(see Section 2.4). KBAs located in globally recognized biodiversity hotspots are listed as the
first priorities, the second priority list being those not in biodiversity hotspots.

Attribute Data Source

Biodiversity Hotspots Critical Ecosystem Partnership Fund [54]

2.8.6. Step 6: Identification of Priority KBAs in Developing Countries

In step six, first and second priority ranked lists of mountain KBAs from step 5 are
separated into those from developing (~largely global south) and developed countries
(~ largely global north). Many inadequately protected or conserved mountain KBAs occur
in developing countries. One potential source of funding to support the establishment of
new protected or conserved areas in developing countries through grants or concessional
funding is the Global Environment Facility (GEF).

Attribute Data Source

Developing versus developed countries
The UNDP Human Development Index [71];
International Monetary Fund’s World
Economic Outlook Database [72]

2.9. Case Study: Western Himalaya Case Study Area

As a case study, we applied the decision-support tool (Figure 3) to identify priority
areas for mountain conservation in the Western Himalaya Case Study Area (WHCSA).
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The WHCSA spans most of the northern Indian states of Ladakh, Jammu and Kashmir,
Himachal Pradesh, and Uttarakhand, and extends across Nepal and southwestern Tibet
in China (Figure 4). The WHCSA was selected because of its high biodiversity and cul-
tural value; the availability of mountain KBA and other data; its relatively poor levels of
protection; and on-the-ground expertise was available from members of the project team.
The KBA maps identifying unprotected and inadequately protected mountain KBAs in the
WHCSA were also intended to inform a regional workshop attracting local expertise to
initiate a fine-filter prioritization process.
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2.10. Application, Scale, and Limitations

The decision-support tool was originally designed to inform the work of the IUCN
WCPA and, by extension, government and NGO conservation agencies, particularly those
in the mountain community, to facilitate protection and conservation of the highest-priority
sites. Application of the decision-support tool may suit a variety of governance models
and levels of institutional capacity. It is a rapid and strategic assessment approach with
a global reach that makes use of existing global datasets aimed at galvanizing relatively
prompt action where it is needed most. It aims to be a catalyst for further extensive
discussions involving on-the-ground knowledge and truthing, including multistakeholder
consultations at multiple spatial and organizational scales. However, although this decision-
support tool and assessment process has the potential for wider application by a more
diverse range of user groups focusing on other world ecosystems beyond the mountain
sphere, it does not preclude the use of other approaches. These alternatives may be equally
or even more important, based on the evaluation of other factors and/or with more detailed
country-specific systematic conservation planning.

This technique relies heavily on mountain KBAs. They are but one way to initiate a
global strategic assessment of natural values of mountain landscapes important for the
persistence of biodiversity and human well-being. For some regions, current limitations on
capacity and technology may mean that it will take some time to compile the necessary
data and level of detail to demonstrate whether sites meet the quantitative thresholds
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associated with the KBA criteria. In addition, some protected or conserved areas may be
important for other reasons (e.g., maintaining productivity, ecosystem services, aesthetics,
and cultural heritage). Mountain KBAs should not necessarily override other important
values that are identified in other regional assessments; however, it may advantageously
complement these, and their results may be assessed in tandem, each confirming and
strengthening the other or in some instances highlighting the need for more refined inves-
tigation. Furthermore, we want to caution against assuming all KBAs worth conserving
will become protected areas; this may not be possible or even desirable. Mountain areas
identified through this tool as priorities for new protected areas may upon further analysis
and reflection be more suitable for the strengthening of existing sociocultural mechanisms
and conservation outcomes through mechanisms such as OECMs or Territories of Life.
Furthermore, KBAs do not always include all taxonomic groups, meaning that this ap-
proach may overlook other important mountain biota and areas requiring attention. Finally,
the identification of protected and conserved areas does not assume that conservation
objectives will be effectively met. Ascertaining whether the area is effectively managed is
not the purpose of this approach, but the process remains a fundamental aspect of achieving
positive outcomes for biodiversity in the long term. The IUCN has guidelines for assessing
governance approaches [45] and management effectiveness [73].

3. Results
3.1. The Decision-Support Tool in General

Application of the decision-support tool (Figure 3) resulted in nine categories of
priority and action (Table 3). The four categories for follow-up action are ranked in order of
their importance and hence priority for further action:

• Category A1: First-priority mountain KBAs situated within biodiversity hotspots in
developing countries;

• Category A2: First-priority mountain KBAs situated within biodiversity hotspots in
developed countries;

• Category B1: Second-priority mountain KBAs situated outside biodiversity hotspots
in developing countries;

• Category B2: Second-priority mountain KBAs situated outside biodiversity hotspots
in developed countries.

Table 3. Categories of priority and action for mountain KBAs identified through the decision-support
tool.

Categories for Priority Consideration
for Enhanced Protection Status

Categories for No Further Action
Unless Circumstances
Substantially Change

Categories Indicating That Adequate
Protection Status Is Already Achieved

Category A1: List of ranked first-priority
mountain KBAs occurring in developing
countries (and within
biodiversity hotspots).

Category E: mountain KBAs <30%
protected but in unstable areas or with no
effective system or capacity for protected
area governance in place.
No further consideration unless
circumstances change.

Category C: mountain KBAs >80%
protected; no further action for now;
however, management effectiveness
evaluation may be prudent.

Category A2: List of ranked first-priority
mountain KBAs occurring in developed
countries (and within
biodiversity hotspots).

Category F: mountain KBAs <30%
protected but no IUCN WCPA Mountains
Specialist Group contacts to assess steps 3
and 4. Mountains Specialist Group to
seek members that can evaluate KBAs in
these countries;
Otherwise, no further action.

Category D: mountain KBAs >30% but
<80% protected; reserve list for
consideration in later stages of project.
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Table 3. Cont.

Categories for Priority Consideration
for Enhanced Protection Status

Categories for No Further Action
Unless Circumstances
Substantially Change

Categories Indicating That Adequate
Protection Status Is Already Achieved

Category B1: List of ranked second
priority mountain KBAs occurring in
developing countries (and not within
biodiversity hotspots).

Category G: OECMs, Territories of Life or
other arrangements in place (i.e., not
registered on the WDPA) or adequately
protected mountain KBAs or mountain
KBAs not threatened. No further action.

Category B2: List of ranked second
priority mountain KBAs occurring in
developed countries (and not within
biodiversity hotspots).

3.2. Western Himalaya Case Study Area

This working example showcases the application of the decision-support tool and its
value in strategically and rapidly identifying candidate areas requiring urgent protection
(see Tables 4 and 5 and Figure 5).

Table 4. The number of mountain KBAs and their protection status in India, Nepal, and China.

Country Mountain
KBAs

Mountain
KBAs 80–100%

Protected

Mountain
KBAs 30–80%

Protected

Mountain
KBAs <30%

Protected

India 317 51 65 201

Nepal 23 12 3 8

China 419 22 30 367

Total 759 85 98 576

Table 5. The number of mountain KBAs and their protection status in the Western Himalaya Case
Study Area (WHCSA) of India, Nepal, and China.

Country
Mountain
KBAs in
WHCSA

Mountain
KBAs 80–100%

Protected

Mountain
KBAs 30–80%

Protected

Mountain
KBAs <30%

Protected

India 58 14 22 22

Nepal 23 12 3 8

China 3 0 0 3

Total 84 26 25 33

Step 1: Identification of Inadequately Protected Mountain KBAs—An area-based
analysis in the WHCSA identified 33 mountain KBAs regarded as inadequately protected
(<30% protected); these are listed for further assessment. Fifty-one mountain KBAs in the
WHCSA are 30–100% protected; these will not be assessed further at this stage.

Step 2: Identification of Appropriate Countries for Heightened Consideration—
India, Nepal, and China are considered realistic for heightened focus on conservation of KBAs,
owing to each having a relatively stable government and protected area system, together with
locally based IUCN WCPA staff or affiliates available to lead further assessments.

Step 3: Validation of Protection and Conservation Status of Mountain KBAs—This
step requires regional in-country experts to validate WDPA data. Subject to completing
this step, all 33 KBAs proceed to step 4.

Step 4: Ranking of Priority Mountain KBAs by Importance, Urgency, and Viability
—An analysis by regional in-country specialists of various values and world mountain
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ecosystems indicates that of the 33 inadequately protected KBAs, 29 also contain inade-
quately protected world mountain ecosystems.

Step 5: Identification of Priority Mountain KBAs Located in Biodiversity Hotspots
—The 33 inadequately protected mountain KBAs occur in an area largely congruent with
the Himalaya Biodiversity Hotspot [74].

Step 6: Identification of Priority KBAs in Developing Countries—India, China, and
Nepal are classified as developing countries according to the UNDP Human Development
Index [71] and International Monetary Fund’s World Economic Outlook Database [72].

The assessment thus indicates that all 33 inadequately protected KBAs in the WHCSA
will be Category A1: first-priority mountain KBAs (in biodiversity hotspots and devel-
oping countries), unless it is found that their protection status is under-reported when
assessed by regional specialists. The ranking of importance may also be subject to further
regional assessments.
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Figure 5. Case study showing the protection status of mountain KBAs and mountain ecosystems in
the core region of the WHCSA [75], represented by the Western Himalaya Indian States covering most
of (top to bottom): Ladakh (i), Jammu and Kashmir (ii), Himachal Pradesh (iii), and Uttarakhand (iv),
together with Nepal (v). KBA boundaries and status in China are not shown. The WHCSA is not
strictly congruent with country borders.

4. Discussion and Conclusions

Mountains are extremely diverse and account for half of the world’s biodiversity
hotspots [1–4]. Globally, mountains provide a diverse range of ecosystem services, with
freshwater storage and supply arguably the most important [5,6]. It is therefore critical to
safeguard mountains and mountain resources.

Mountains, however, are poorly protected [21,22]. There are numerous reasons, includ-
ing conflicts over resource use, cultural and community concerns about formal protection
mechanisms, political tensions, lack of political will, and/or lack of an appropriate statute
or other protection mechanisms. Inadequate protection may also involve a lack of apprecia-
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tion of current values or lack of recognition of the merits of formal protected area status
and/or the range of protected area governance options available.

Protecting and conserving mountain social–ecological systems through formal recog-
nition as protected areas with good governance and effective management and/or through
other mechanisms such as OECMs and Territories of Life (ICCAs) is a critical component of
area- and nature-based solutions. This will promote more sustainable, resilient, and healthy
mountain regions and the well-being of local and downstream communities who depend
on these essential regions. Identifying global conservation priorities for new mountain
protected and conserved areas necessitates a strategic and scientific approach to ensure that
areas of highest value and most in need of protection are rapidly and objectively identified
as priority areas.

Given that mountain ecosystems are highly imperilled, and the life-essential support
they provide to biodiversity, communities and humanity at large is at risk, we have devel-
oped a scientifically credible decision-support tool to identify and prioritize inadequately
protected mountain areas for protection and conservation. Our iterative and spatially ex-
plicit approach uses a simple and transparent process to help conserve areas of biodiversity
(and cultural) importance within the world’s mountain regions. It is intended to be applied
in the most efficient, fair, and equitable ways possible. It can be augmented by several
ancillary datasets offering meaningful data on priority species and ecosystems (e.g., World
Ecosystem typologies, biodiversity hotspots, IUCN Red Lists, etc.). As a test case, the
inadequately protected mountain KBAs identified in the WHCSA, part of the Himalaya
global biodiversity hotspot, galvanizes first-priority action in mountain areas of developing
countries requiring the most urgent protection or conservation. This further provides a
foundation for fine-filtering through in-country experts, government, NGOs, and com-
munities of interest in assessing a range of quantitative and qualitative factors that will
further guide conservation actions. Culturally sensitive considerations are also vital when
assessing mechanisms for protection and conservation, including the rights of indigenous
peoples and other collective rights, as in many situations, mountain communities relate to
nature in meaningful ways beyond the purely economic and they often consider the land
not just as a natural resource but as their home [76,77].

Our approach aligns with and supports numerous IUCN and other global policy
frameworks, such as the CBD Kunming–Montreal Global Biodiversity Framework, Sustain-
able Development Goal 15, and GEF priorities. The decision-support tool considers a range
of governance options within IUCN protected area categories and governance approaches,
including OECMs and Territories of Life. Through application of the decision-support tool
over time, the entire mountain KBA network can potentially be allocated into one of nine
categories, thereby ensuring the most streamlined and strategic form of action to safeguard
the world’s most biodiverse mountain areas facing myriad threats in the Anthropocene.
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