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The Global Strategy for Plant Conservation (GSPC) was 

developed due to the need for a global vision to protect plants. The GSPC 

initiated excitement and rallied conservation organizations and partic-

ularly botanic gardens to a joint plant conservation cause. As a result of 

the GSPC, other strategies, both international and country based, have 

been developed, all with specific objectives for conserving plants. 

The following strategy is the first to use all available information to pro-

vide guidelines for protecting a specific group of plants, targeting those 

growing in the inhospitable land above the trees known as the alpine. 

While not as threatened by habitat loss and human activity as many 

other plant communities, the alpine environment appears to be partic-

ularly threatened by climate change. Conserving its flora now is critical 

because of differences being seen in pollinators, treeline levels and 

species composition. Located at 8,200 feet high in the Rocky Mountains, 

Betty Ford Alpine Gardens is uniquely positioned to spearhead an effort 

to conserve this fragile mountain environment.

I would like to thank Larry Stritch, National Botanist (retired), United 

States Forest Service, for first suggesting we combine forces to protect 

the alpine environment. Since then, Denver Botanic Gardens, and partic-

ularly Jennifer Ramp Neale, have partnered with Betty Ford Alpine Gar-

dens to finalize this strategy and begin the implementation of its targets. 

Also a special thank you to Dawn Welles, PhD student, for her assistance 

with compiling and editing this document.

Nicola Ripley

Executive Director, Betty Ford Alpine Gardens
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The American Pika

The American pika (Ochotona princeps) is a small mammal that lives exclu-

sively in the alpine and is dependent on it for its survival. The pika is closely 

related to rabbits and hares, thriving above treeline in rocky, mountainous 

habitats of talus and scree fields with nearby alpine meadows. Their frequent 

shrill calls are usually the first indication that one is nearby, using the calls 

to alert others to the presence of danger. American pikas are generalized 

herbivores, feeding on alpine plants and selecting their forage based on its 

nutritional value. They are well known for haying - collecting plants during 

growing seasons and caching them in large haypiles. The haypiles are moved 

into burrows to serve as a winter food source, with up to 30 species of plants 

in a single haypile. Long-term population trends of pikas are being studied to 

assess how the species responds to a warming climate, with many popula-

tions showing documented declines in number. Protecting the alpine means 

protecting the whole ecosystem, including these furry creatures that depend 

on the alpine to survive.

INTRODUCTION
The North American Botanic Garden Strategy for  
Alpine Plant Conservation (Alpine Strategy) is a blueprint 

for protecting alpine plants and ecosystems in the United States, Can-

ada and Mexico, focusing on the role of botanic gardens in this effort. 

The strategy is based on two existing templates - The Global Strategy 

for Plant Conservation (GSPC),1 first approved at the Conference of the 

Parties (COP) to the Convention on Biological Diversity in 2002, updat-

ed for the years 2011-20202 and the North American Botanic Garden 

Strategy for Plant Conservation (North American Strategy), written in 

2006 and updated in 2016.3 

The alpine zone encompasses vegetation above the natural high 

altitude treeline.4 Plants that inhabit the North American alpine zone 

are vulnerable to climate change. According to a 2019 special report 

by the United Nations Intergovernmental Panel on Climate Change 

and Land, anthropogenic warming is projected to shift climate zones 

poleward and upward in regions of higher elevation. Worldwide, 

mean land surface air temperature has increased 1.53ºC from 1850-

1900 to 2006-15. The report also states that desertification is expected 

to increase in semi-arid to arid drylands, including the U.S. Southwest 

that contains the Rocky Mountain alpine ecosystems. The result will 

be to lower ecosystem health, including losses in biodiversity. Inva-

sive species are also likely to be aggravated by climate change.5

There is evidence of more amplified warming at higher elevations.6 

Significant altitudinal amplification trends were found for mountain 

locations in the U.S. Rockies and Appalachian Mountains as well as the 

Asian Tibetan, Loess, Yunnan-Guizhou and Mongolian Plateaus, the 

Alps of Europe, and the South American Andes.7 NOAA data indicate 

that the American West has become 1.4º C warmer over the 100 period 

from 1908-2007, more than 0.5º C higher than the planet as a whole.8 

A 100-year study of temperature trends in Western Montana, which 

includes some Rocky Mountain alpine ecosystems, finds that the rise 

in extremes and seasonal averages has been two to three times greater 

than that of the global average.9 At two high elevation sites in Colora-

do, temperatures increased an average of 1.2º C per decade over the 

period from 1983 - 2007.10 

Scientific observations have found that alpine species abundance, 

richness, and distribution have been impacted by warming tempera-

tures, resulting in altered patterns of alpine vegetation.11 For example, 

867 vegetation samples from 60 alpine sites in Europe show a decline 

in cold-adapted and an increase in warm-adapted species.12 Research 

in the Italian Alps has found 52 alpine species to have upwardly mi-

grated 23.9 meters/decade.13 There has also been an observed 31-65% 

decline in abundance of arctic-alpine indicator species being moni-

tored in Glacier National Park, Montana from 1989-2002.14

Hoosier Ridge, Colorado. Photo Mike Kintgen

Lewisia pygmaea. Photo Emily Griffoul
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Situated at 8,200’ (2,500m) elevation in the southern Rocky Moun-
tains,  Betty Ford Alpine Gardens is uniquely positioned to conserve 
alpine biodiversity in ex-situ collections, and currently has more than 
3,000 species in its gardens from high elevation ecosystems all over 
the world, including more than 700 rare and threatened species. 
One of the most valuable and rare species is Penstemon debilis, 
Parachute Penstemon, a critically imperiled species endemic to 
Garfield County, CO. Only five populations remain in the wild, and 
they are at high risk of damage from oil and gas development. Betty 
Ford Alpine Gardens partnered with the Bureau of Land Manage-
ment (BLM) to conduct census surveys, collect seed, and propagate 
this special plant to grow in the Gardens.This ex-situ collection helps 
to keep P. debilis from going extinct even if its habitat is further 
disturbed. About 80,000 species, or 30% of the world’s plants, are 
grown in ex-situ collections in botanic gardens and arboreta, an 
important repository of diversity. 

Collections for Conservation 
at Betty Ford Alpine Gardens

The Alpine Strategy provides a framework for North American botan-

ic gardens to address the environmental and climate change chal-

lenges facing alpine ecosystems. It highlights the critical role that bo-

tanic gardens can play in research, conservation, and education. The 

Strategy is intended to encourage plant conservation organizations to 

contribute to the collective goal of conserving North American alpine 

plants and their habitats. Additionally, it fosters collaborative rela-

tionships among nations in North America, as plant conservation is 

often not as effective when separated by international boundaries.3

The Alpine Strategy is intended for use by not only botanic gardens, 

but natural history museums, universities, governments, native  

plant societies, and any other organization interested in preserving 

the natural heritage and ecological integrity of alpine zones in  

North America.

Plant Conservation Efforts 
The botanical community is increasingly working to conserve plants 

and their habitats in the face of continuing loss of plant diversity. 

Worldwide, between 60,000 and 100,000, or one-third of all plants, 

are threatened with extinction due to habitat loss, fragmentation, and 

degradation.1,15 Strategies to address this plant extinction crisis by the 

botanical community began at the international level with national 

and regional strategies soon joining global efforts.  

The Global Strategy for Plant Conservation (GSPC)2 is the hallmark 

of global plant conservation strategies. It was adopted in 2002 by the 

Convention on Biological Diversity and updated in 2012 to bring both 

awareness and a framework for policy and action to address threats 

faced by plants worldwide. The GSPC provides concrete global goals 

and objectives for plant conservation while also encouraging individ-

ual nations to develop their strategies to support the overall protec-

tion effort. This emphasis resulted in the North American Botanic 

Garden Strategy for Plant Conservation in 2006, updated in 20163, 

that laid the foundation for the protection of plants in North America. 

Motivated by concern for alpine plants and their stewardship, repre-

sentatives of a diverse group of botanic gardens (Betty Ford Alpine 

Gardens, Denver Botanic Gardens, the Canadian Botanic Gardens, 

Botanic Gardens Conservation International, and the Memorial Uni-

versity of Newfoundland) and the United States Forest Service joined 

together in 2010 to specifically address the conservation of alpine 

plants in North America. Its completion is presently being led by Bet-

ty Ford Alpine Gardens and Denver Botanic Gardens. 

The more specific emphasis on alpine habitats of the Alpine Strategy 

is considered within the broader frameworks of the GSPC and North 

American Strategy and is seen as complementary to their goals and 

objectives. The Alpine Strategy notably places a stronger emphasis on 

in-situ conservation as a higher priority for alpine species, supported 

by ex-situ efforts because of the anticipated impacts on natural habi-

tats from climate change and other environmental factors.

Saxifraga chrysantha. Photo Amy Schneider

Penstemon debilis.  
Photo Todd Winslow Pierce

Summit Lake drainage, Colorado. Photo Amy Schneider

CASE  STUDY
OBJECTIVE 2

TARGET 9
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TARGET 1. Develop a working map of all North American  
alpine areas by 2022.
A clear understanding of the distribution of North American alpine habitat is needed in 

order to protect alpine plant diversity. Using the definition of alpine as the treeless regions 

at the uppermost reaches of the mountains,4 a map of alpine habitats in North America 

will be compiled using a GIS format. The map will include all areas that meet the narrow 

definition of alpine described as having a mean growing season temperature of <6.4ºC.15,16

TARGET 2.  Create a list of all known alpine plants of North America  
that highlights alpine plants whose conservation status is ranked  
G1/T1 – G3/T3 by 2022.
A definitive list of online flora providing the scientific names for 300,000 species of 

plants has been created as a result of the work done for the Global Strategy for Plant 

Conservation (GSPC).17 The list of alpine plants known to occur within North America 

will be built from various sources such as the online Flora of North America18, the 

PLANTS database administered by the U.S. Department of Agriculture19 and other 

alpine specific resources. Additional online resources will include the Global Obser-

vation Research Initiative in Alpine Environments (GLORIA),20 and the Rock Garden 

Plant Database.21 Online herbarium specimen databases covering areas that align with 

mapped alpine habitats such as the Global Biodiversity Information Facility (GBIF)22 

and iDigBio23 will also be used.

The compiled list for alpine plant species within North America will be compared to 

the NatureServe database24 to determine conservation ranks for all taxa. Those with a 

global rank of G1/T1 – G3/T3 will be highlighted.

TARGET 3. Assess land management designations for all North  
American alpine habitats by 2023.
Land ownership and management status will be compiled for all Target 1 mapped 

areas of North America. Areas will be classified based on IUCN protection  

designations:25

Category Ia — Strict Nature Reserve • Category Ib — Wilderness Area

Category II — National Park • Category III — Natural Monument or Feature

Category IV — Habitat/Species Management Area — Category V — Protected Land-

scape/Seascape ª Category VI — Protected Area with sustainable use of natural resources

Land management designations will be determined and ranked based on current land 

management agency definitions for habitat protection and security of designation.

SUMMARY OF OBJECTIVES AND TARGETS
The Alpine Strategy has four objectives and twelve targets to 

guide botanic gardens in meeting the objectives, summarized below.

TARGET 1. Develop a working map of all North American alpine areas by 2022.

TARGET 2. Create a list of all known alpine plants of North America that highlights alpine plants 
whose conservation status is ranked G1/T1 – G3/T3 by 2022.

TARGET 3. Assess land management designations for all North American alpine habitats by 2023.

TARGET 4. Provide online access to floristic inventories and research on North American alpine 
plants to minimize gaps in knowledge by 2030.

Understand and document alpine plant diversity.

Conserve alpine plants and their habitats. 

TARGET 5. Protect 50 percent of the most Important Plant Areas (IPAs) for alpine plant conservation 
in North America by 2030.

TARGET 6. Conserve at least 25 percent of all identified North American alpine flora in-situ by 2030.

TARGET 7. Conserve 60 percent of threatened alpine plant species in North America in-situ by 2030.

TARGET 8.  Conserve 60 percent of all identified alpine plant species in North America ex-situ  
by 2030.

TARGET 9. Ensure that at least 75 percent of all identified threatened North American alpine  
plant species are held in ex-situ collections, and 10 percent are in recovery and/or restoration 
programs by 2030.

Promote awareness of the alpine ecosystem and plant 
diversity through education and outreach.

TARGET 10. Incorporate the irreplaceable value of the North American alpine ecosystem and 
plant diversity into educational and public awareness programs at botanic gardens by 2025.

Build capacity for the conservation of alpine plant 
species and associated habitats.

TARGET 11. Increase the number of trained professionals working on North American alpine plant 
conservation to address local, regional and national needs by 2030.

TARGET 12. Establish and strengthen networks, partnerships, associations and stakeholders for 
alpine conservation activities at regional, national and international levels by 2030.

TARGETS FOR BOTANIC GARDENS

OBJECTIVE 1

OBJECTIVE 2

OBJECTIVE 3

OBJECTIVE 4

OBJECTIVE 1. Understand and document alpine plant diversity.
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TARGET 4. Provide online access to floristic inventories and research on 
North American alpine plants to minimize gaps in knowledge by 2030.
Existing data and studies will be compiled to provide comprehensive 

access to resources. This also allows for gaps in knowledge to be  

determined.

Areas where alpine botanical diversity is under-studied or poorly 

understood will be identified based on Target 1 and Target 3 mapping. 

Those areas needing further documentation and greater knowledge 

of the flora with the potential to improve conservation will be prior-

itized. Floristic inventories will be conducted through collections to 

enhance knowledge of alpine plant diversity and distribution. Spec-

imens will be deposited in herbaria of the region where plants are 

collected. Specimen data will be shared broadly on publicly accessible 

platforms such as Global Biodiversity Information Facility (GBIF),22 

iDigBio,23Symbiota,26 and the Southwest Environmental Information 

Network (SEINet).27

OBJECTIVE 2. Conserve alpine plants and  
their habitats.

TARGET 5. Protect 50 percent of the most Important Plant Areas  
(IPAs) for alpine plant conservation in North America by 2030.
An Important Plant Area (IPA) is a natural or semi-natural site exhib-

iting exceptional botanical richness and/or supporting an outstanding 

assemblage of rare, threatened and/or endemic plant species and/or 

vegetation of high botanic value.28 

Protection of alpine plants will be increased by additional habitat con-

servation. Areas of high alpine diversity, particularly those with nu-

merous occurrences of G1-G3 plants, will be highlighted as IPAs. The 

Native Plant Conservation Campaign’s IPA Program29 and the Colorado 

Natural Heritage Program methodologies for IPA identification30 will 

be utilized in alpine areas of North America. Once North American 

alpine IPAs have been designated, they will be further ranked based 

on level of protection following the IUCN Protected Area Management 

Categories.25 Botanic gardens will work with land managers to protect 

at least 50 percent of these areas. 

The broad goal is to maintain or improve the management of protect-

ed areas to achieve a favorable conservation status for alpine plant 

species. While only public land management organizations can con-

trol the level of protection on various parcels, the scientific communi-

ty can work to provide the agencies with robust, sound data on which 

to base management decisions. Success will involve collaboration 

among botanic gardens and public land management agencies.

TARGET 6. Conserve at least 25 percent of all identified North American 
alpine flora in-situ by 2030.
Following Target 5 identification of IPAs, it will be verified that 25 per-

cent of North American alpine plants are located in protected areas. 

Areas that are designated as IPAs with low protection designation 

and areas with high alpine flora diversity not included in IPAs will 

be targeted for improved protection. Scientists will conduct studies 

to further clarify life histories of species and floristic inventories that 

improve understanding of species distributions. Recommendations 

can then be made for fencing and road closures that enhance pro-

tection for individual species where appropriate. This can only be 

accomplished through collaborative efforts among botanic gardens, 

scientists and public land management agencies.

Phenology, the timing of biological events, is recognized as one of the best indicators 

of biological responses to climate change. Using observations of plant phenology, like 

the timing of flowering, we can track how plants have responded to climate change and 

predict future changes in plant communities. While we regularly record 

phenological measurements to understand seasonal and recent pheno-

logical patterns, at Denver Botanic Gardens we use herbarium specimens 

to look back in time and measure how plant phenology has changed over 

longer periods. Our 2018 publication “Using Herbarium Specimens to 

Select Indicator Species for Climate Change Monitoring,” explains our pro-

cess of doing so. Studying species in Colorado’s alpine areas, we analyzed 

herbarium specimen data to look at flowering time over the course of a 61-

year period and its relationship to temperature and precipitation. We found 

that, on average, species that showed earlier bloom times than in previous 

years bloomed 39 days earlier at the end of the 61-year study than at the 

beginning. This indicates the sensitivity of these species to climate change. 

CASE  STUDY
OBJECTIVE 1

TARGET 4
Using Herbarium Records to Track 
Climate Change in the Alpine 

Collection of herbarium 
vouchers in the alpine.  
Photo Dominique Taylor

Lupinus sp. Mt Hood, Oregon.  
Photo Mike Kintgen

Dryas octopetala. Photo Nick Courtens

Hufft, R. A., M. E. DePrenger-Levin, R. A., Levy, and M. B. Islam. 2018. Using herbarium specimens 
to select indicator species for climate change monitoring. Biodiversity Conservation 27: 1487-1501.



Physaria alpina. Photo Alex Seglias
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Denver Botanic Gardens (the Gardens) and Regis University in Denver, Colorado 

partnered  to explore species richness at nine previously understudied sites in the 

Southern Rockies. The project assessed the role that soil pH and precipitation play 

in driving species richness in fell fields and dry meadows. The sites ranged from 

areas with heavy recreational use to those deep within wilderness areas. Herbarium 

specimens were collected to document species diversity at the sites for the Kathryn 

Kalmbach Herbarium (KHD) at DBG . There were no previous collections at three of 

the sites and the other six sites ranged from well to poorly collected. Additionally, a 

full species list, phenology, and percent coverage of each species were collected.

This study of sites in the Southern Rockies indicates that an increase in both precipi-

tation and soil pH results in an increase in species richness. The pattern runs counter 

to what was found in the Southern Andes and the Central Alps, where drier areas 

showed greater species richness. More study sites are needed to confirm the ob-

served pattern. If confirmed this would help predict the best alpine areas to target 

for in-situ protection.

Assessing Species Richness Across 
the Colorado Alpine Ecosystem

TARGET 7. Conserve 60 percent of threatened alpine plant species in 
North America in-situ by 2030.
Sixty percent of threatened alpine species - those with a G1-G3 rank, 

will be conserved in areas identified as protected by IUCN protection 

designations.25 Botanic gardens will commit to preventing alpine 

plant species extinction and habitat loss through in-situ conservation 

activities. Botanic garden staff will endeavor to work collaboratively 

with land agencies to provide technical skills and botanical  

information.

TARGET 8. Conserve 60 percent of all identified alpine plant species in 
North America ex-situ by 2030.
Sixty percent of identified North American alpine plant species will 

be maintained in ex-situ collections of botanic gardens or seed banks 

as plants, living tissues or seeds, with appropriate genetic repre-

sentation to support restoration and will be managed according to 

science-based protocols.

Ex-situ conservation measures such as seed banking, cryopreserva-

tion and tissue culture are the most important methods to preserve 

alpine plant genetic material. Alpine species are particularly vulner-

able to climate change and banking seed of these species will allow 

for studies to understand their ecological tolerance and potential for 

adaptation, thus informing conservation and restoration programs. 

This target will require cooperation with public land management 

agencies as well as private landowners for collection permitting.

It is also important to develop carefully monitored living collections 

for a better understanding of propagation protocols and ecological 

requirements. Collections grown as living specimens in botanic 

gardens can also be valuable for educational purposes and raising 

public awareness.

Data on all these collections will be shared with the community 

through tools such as BGCI’s Plant Search database.31

TARGET 9. Ensure that at least 75 percent of all identified threatened 
North American alpine plant species are held in ex-situ collections, and 
10 percent are in recovery and/or restoration programs by 2030.
As noted in Target 8, ex-situ collections can take the form of plants, 

living tissues or seeds. Target 9 focuses on securing 75 percent of 

those with a G1-G3 rank in living and seed bank collections. A higher 

ex-situ collection target of 90 percent is planned for species with 

a greater risk of extirpation or extinction based on conservation 

assessment and threat. Seed banking is considered the highest 

priority for ex-situ conservation.

Ten percent of threatened alpine plants will be placed in recovery 

and/or restoration programs following protocols such as those 

developed by the Center for Plant Conservation (CPC).32 These 

programs constitute rigorously tested science-based protocols for 

conservation and in-situ re-introduction. 

Alpine Conservation 
Through Seed Studies

Placing seeds in seed banks, 

below-freezing storage facilities, 

has become the primary method 

of ex-situ conservation for plants 

around the world. However, not 

all seeds are able to survive these 

dry, subzero conditions. Studies 

have shown that alpine species are 

short-lived in seed banks com-

pared to lower elevation species 

even though they are adapted to 

extremely cold conditions. Denver 

Botanic Gardens received an 

Institute of Museum and Library 

Services award along with 11 

other collaborating institutions 

for Endangered Exceptional Plant 

Research led by the Cincinnati 

Zoo and Botanical Garden. We are 

researching rare alpine species 

of Colorado to understand if they 

can be considered exceptional, 

requiring a different form of ex-situ 

conservation. This could have a 

dramatic impact on conservation 

strategies in the alpine.

Lake Louise, Alberta Canada. Photo Mike Kintgen

Studying species richness  
in Colorado’s alpine.  
Photo Mike Kintgen

Aconitum columbianum.  
Photo Nanette Kuich

CASE  ST UDY
OBJECTIVE 2

TARGET 8

CASE  STUDY
OBJECTIVE 1

TARGET 4



Gentiana algida. Photo Nanette Kuich
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OBJECTIVE 3. Promote awareness of the  
alpine ecosystem and plant diversity  
through education and outreach.  
	
TARGET 10. Incorporate the irreplaceable value of the North American  
alpine ecosystem and plant diversity into educational and public  
awareness programs at botanic gardens by 2025.
Communication, education, and the raising of public awareness about 

the importance of alpine plant diversity are critical for the achieve-

ment of all targets of the Alpine Strategy. This target is understood 

to refer to both informal and formal education at all levels. Target 

audiences include botanic gardens’ board members, staff, docents and 

volunteers as well as students, the general public, and policy makers. 

Consideration should be given to developing specific indicators to mon-

itor progress toward overall achievement of the target. 

Botanic gardens have an important role in raising public awareness 

about plant biodiversity loss and its potential effects on the alpine eco-

system. Gardens have been shown to positively influence visitors’ envi-

ronmental attitudes ,33 where they expect to receive accurate, unbiased 

information. Multiple informational techniques should be used to meet 

the knowledge, interests and needs of visitors for greatest impact.34 

Visitor conversations with staff and docents is especially important for 

dispersal of sound scientific information. 

It is not enough to just inform visitors about the need for alpine plant 

conservation35 and the work being done by botanic gardens in this 

regard.36 Supplying pathways to be active in conservation projects is 

essential.37 An educated and motivated citizen can discern the accura-

cy of publicly distributed information and provide valuable personal 

support to conservation projects and organizations. Education and 

individual behavior are not sufficient to turn the tide on threats to al-

pine plant biodiversity and survival, however. Change must also occur 

at the legislative level. With education, environmental legislation can 

be proposed and supported by botanic gardens and citizens and, with 

their pressure, compel conservation actions by their legislators.38

OBJECTIVE 4. Build capacity for the conservation 
of alpine plant species and associated habitats.   

TARGET 11. Increase the number of trained professionals working on North 
American alpine plant conservation to address local, regional and national 
needs by 2030.
Botany is an established science. However, there has been a decline in 

formal botanical education programs at all levels and in the number of 

professional government agency botanists, raising concern about the 

future study and fate of plants.39 A deficiency of educational programs 

and interest in botanical studies has led to a general lack of basic botany 

and plant identification skills in the current generation of scientists. 

Botanic gardens must increase educational programs, fieldwork, and 

research in alpine plants to address the decline in botanical studies and 

shortage of botanists and horticulturists. These programs and collabora-

tive efforts with universities will contribute to training future botanists 

and horticulturists whose work will be necessary to stem the growing 

loss of the world’s plants and threats to botanical diversity.
 

TARGET 12. Establish and strengthen networks, partnerships, associations 
and stakeholders for alpine conservation activities at regional, national and 
international levels by 2030.
This Strategy urges botanic gardens to partner with institutions and ap-

propriate stakeholders to strengthen plant conservation activities. Look-

ing after North America’s alpine plants and habitats is a shared respon-

sibility of professional and amateur botanists and horticulturists alike. 

Botanic gardens must take on the responsibility of championing diverse 

partnerships with governments, public agencies, academic institutions 

and individuals who all have a role to play in alpine plant conservation. 

Treeline at Izta-Popo  
National Park, Mexico. 
Photo Alamy Stock

Beartooth Mountains, Montana.  
Photo Mike Kintgen



16 NABG STRATEGY FOR ALPINE PLANT CONSERVATION 17NABG STRATEGY FOR ALPINE PLANT CONSERVATION

REFERENCES

1. The Global Strategy for Plant Conservation. Richmond (UK): Botanic Gardens Conservation International; 2002. 
[accessed 2020 Feb 21] https://www.bgci.org/policy/gspc/ 

2. The Global Strategy for Plant Conservation 2011-2020. Richmond (UK): Botanic Gardens Conservation Inter-
national; 2011. [accessed 2020 Feb 21] https://www.publicgardens.org/resources/global-strategy-plant-conserva-
tion-2011-2020

3. North American Botanic Garden Strategy for Plant Conservation, 2016-2020. Illinois (USA): Botanic Gardens 
Conservation International, U.S.; 2016. [accessed 2020 Feb 21] http://northamericanplants.org/wp-content/up-
loads/2016/05/NAGSPC.pdf

4. Körner C. Alpine Plant Life: Functional Plant Ecology of High Mountain Ecosystems. Berlin: Springer, 2007. p.7.

5. Climate Change and Land: an IPCC special report on climate change, desertification, land degradation, sustain-
able land management, food security, and greenhouse gas fluxes in terrestrial ecosystems. Shukla PR, Skea J, Calvo 
Buendia E, Masson-Delmotte V, Pörtner HO, Roberts DC, Zhai P, Slade R, Connors S, van Diemen R, M. Ferrat M, et 
al., editors. Intergovernmental Panel on Climate Change. 2019. In press; p. 7, 50, 183-4, 271-2, 297. [accessed 2020 
Feb 25] https://www.ipcc.ch/site/assets/uploads/2019/11/SRCCL-Full-Report-Compiled-191128.pdf

6. Pepin N, Bradley RS, Diaz HF, Baraer M, Caceres EB, Forsythe N, Fowler H, Greenwood, G, Hashmi MZ, Liu XD, 
et al. Elevation-dependent warming in mountain regions of the world. Nature Climate Change. 2015;5:424-430. 
[accessed 2020 Feb 21] https://www.nature.com/articles/nclimate2563

7. Wang Q, Fan X, Wang M. Recent warming amplification over high elevation regions across the globe. Climate 
Dynamics. 2014;43:87-101. [accessed 2020 Feb 21] https://link.springer.com/article/10.1007/s00382-013-1889-3

8. Saunders S, Montgomery C, Easley T, Spencer, T. Hotter and Drier: The West’s Changed Climate. 2008. [accessed 
2020 Feb 21] https://www.nrdc.org/sites/default/files/west.pdf

9. Pederson GT, Graulich LJ, Fagre,DB, Kipfer T, Muhlfeld CC 2010. A century of climate and ecosystem change in 
Western Montana: what do temperature trends portend? Climate Change. 2010;98:133-154. [accessed 2020 Feb 21] 
https://link.springer.com/article/10.1007/s10584-009-9642-y

10. Clow DW. Changes in the Timing of Snowmelt and Streamflow in Colorado: A Response to Recent Warming. 
Journal of Climate. 2010;23:2293-2306 [accessed 2020 Feb 21] https://journals.ametsoc.org/doi/full/10.1175/2009JC-
LI2951.1

11. Pauli H, Gottfried M, Grabherr G.The Piz Linard (3411 m), The Grisons, Switzerland – Europe’s Oldest Moun-
tain Study Site. In: Nagy L, Grabherr G, Körner C, Thompson DBA, editors. Alpine Biodiversity in Europe, 167. 
Berlin: Springer-Verlag; 2003. p. 443 - 448.

12. Gottfried M, Pauli H, Futschik A, Akhalkatsi M, Barančok P, Alonso JLB, Coldea G, Dick J, Erschbamer B, Calz-
ado MRF, et al. Continent-wide response of mountain vegetation to climate change. Nature Climate Change. 2012 
[accessed 2020 Feb 25]. https://www.nature.com/articles/nclimate1329

13. Parolo G, Rossi G. Upward migration of vascular plants following a climate warming trend in the Alps. Basic 
and Applied Ecology. 2008;9,100–107. [accessed 2020 Feb 21]. https://www.sciencedirect.com/science/article/pii/
S1439179107000126

14. Lesica P, McCune, B. Decline of arctic-alpine plants at the southern margin of their range following a decade 
of climatic warming. Journal of Vegetation Science. 2004;15:679-690. [accessed 2020 Feb 21] https://onlinelibrary.
wiley.com/doi/abs/10.1111/j.1654-1103.2004.tb02310.x

15. Global Mountain Biodiversity Assessment. [accessed 2020 Feb 21] http://www.gmba.unibe.ch/services/net-
work_projects/ 

16. Körner C, Paulsen J, Spehn EM. A definition of mountains and their bioclimatic belts for global compar-
isons of biodiversity data. Alpine Botany. 2011;121,73-78. [accessed 2020 Mar 24] https://link.springer.com/
article/10.1007/s00035-011-0094-4

17. Global Strategy for Plant Conservation. https://www.plants2020.net/

18. Flora of North America. http;//floranorthamerica.org

19. PLANTS Database: USDA, NRCS. https://plants.sc.egov.usda.gov/

20. GLORIA: Global observation research initiative in alpine environments. https://www.gloria.ac.at/species/
vasculars

21. Rock Garden Plant Database. http://flora.kadel.cz/

22. Global Biodiversity Information Facility. https://www.gbif.org/

23. iDigBio. https://www.idigbio.org/

24. NatureServe Explorer Database. http://explorer.natureserve.org/

25. IUCN Protected Area Management Categories. www.iucn.org/theme/protected-areas/about/protected-ar-
ea-categories.

26. Symbiota. http://symbiota.org/docs/

27. SEINet: Southwest Environmental Information Network. http://symbiota.org/docs/seinet/

28. Anderson, S. 2002. Identifying Important Plant Areas. Plantlife International. https://www.cbd.int/doc/pa/
tools/Identifying%20important%20plant%20areas.pdf

29. Native Plant Conservation Campaign. https://plantsocieties.cnps.org/

30. Neely B, Panjabi S, Lane E, Lewis P, Dawson C, Kratz A, Kurzel B, Hogan T, Handwerk J, Krishnan S, et al. 
Colorado Rare Plant Conservation Strategy, Developed by the Colorado Rare Plant Conservation Initiative. 
Boulder (CO): The Nature Conservancy; 2009.

31. BGCI PlantSearch Database. https://tools.bgci.org/plant_search.php

32. Center for Plant Conservation. About Us. http://saveplants.org/about-us/

33. Williams SJ, Jones JPG, Gibbons JM, Clubbe C. Botanic gardens can positively influence visitors’ environ-
mental attitudes. Biodiversity and Conservation. 2015;24:1609-1620. https://link.springer.com/article/10.1007/
s10531-015-0879-7

34. Weiler,B, Smith L. Does more interpretation lead to greater outcomes? An assessment of the impacts of 
multiple layers of interpretation in a zoo context. Journal of Sustainable Tourism. 2009;17(5):91-105. https://
www.tandfonline.com/doi/abs/10.1080/09669580802359319

35. Blackmore S, Oldfield, S, editors. Plant Conservation Science and Practice. Cambridge (UK): Cambridge 
University Press. 2017.

36. Smith P, Harvey-Brown Y. The economic, social and environmental impacts of botanic gardens. BGCI Tech-
nical Review. 2018. https://www.cabdirect.org/cabdirect/abstract/20193089058

37. Jensen E, Wagoner B. (2009). A Cyclical Model of Social Change. Culture & Psychology. 2009;15(2):217-228. 
https://journals.sagepub.com/doi/abs/10.1177/1354067X08099624

38. Moss A, Jensen E, Gusset M. (2017). Probing the Link between Biodiversity-Related Knowledge and Self-Re-
ported Proconservation Behavior in a Global Survey of Zoo Visitors. Conservation Letters. 2017;10(1):33-40. 
https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12233

39. Bidwell A. (2013). The Academic Decline: How to Train the Next Generation of Botanists. US News & World 
Report. 2013 Nov 12.  https://www.usnews.com/news/articles/2013/11/12/the-academic-decline-how-to-train-
the-next-generation-of-botanists

https://www.bgci.org/policy/gspc/ 


18 NABG STRATEGY FOR ALPINE PLANT CONSERVATION 19NABG STRATEGY FOR ALPINE PLANT CONSERVATION

Additional Resources

An Online Flora of All Known Plants. http://worldfloraonline.org/

Bell KL, Johnson RE (1980). Alpine flora of the Wassuk Range, Miner-
al County, Nevada. Madroño. 1980;27(1):25-35. https://www.jstor.org/sta-
ble/41426120?read-now=1&refreqid=excelsior%3A92e30acec1e062d48b217b72e-
b51e551&seq=1 - page_scan_tab_contents

Bjork C. Northern Alpine list. 2019. Unpublished raw data 

Boland T. List of True Alpine Eudicots, Fern Allies, Ferns and Monocots of New-
foundland and Labrador. 2019. Unpublished raw data.

Botanical Capacity Assessment. Botanic Gardens Conservation International.  
https://www.bgci.org/usa/bcap

Botanical Society of America. What Is Botany? 2017. http://botany.org/Resources/
Botany.php.

Botanic Gardens Conservation International. http://www.bgci.org/.

Building living plant collections to support conservation: A guide for public gar-
dens. 	 https://bgci.org/files/United States/MBC_Collections_Guide_2014.pdf

Fowler JF, Nelson BE, Hartman RL. Vascular plant flora of the alpine zone in the 
Southern Rocky Mountains, USA. Journal of the Botanical Research Institute of 
Texas. 2014;8(2):611-636.

Gerrish G. Botanical baseline survey (2011) of the University of Hawaii’s managed 
lands on Mauna Kea. Hilo (HI): University of Hawaii-Hilo; 2013.

Global Mountain Biodiversity Assessment. https://www.gmba.unibe.ch

Global Strategy for Plant Conservation. Botanic Gardens Conservation Internation-
al.  https://www.bgci.org/policy/gspc/

Grunau L, Handwerk J, Spackman-Panjabi S, editors. Colorado Wildlife Action Plan: 
Proposed Rare Plant Addendum. Fort Collins, CO: Colorado Natural Heritage Pro-
gram, Colorado State University; 2011.

GSPC Toolkit: Targets. https://www.plants2020.net

Hird A, Kramer AT. Achieving Target 8 of the Global Strategy for Plant Conserva-
tion: Lessons Learned from the North American Collections Assessment. 13 Dec 
2013. https://bioone.org/journals/annals-of-the-missouri-botanical-garden/vol-
ume-99/issue-2/2011114/Achieving-Target-8-of-the-Global-Strategy-for-Plant-Conser-
vation/10.3417/2011114.short 

Institute for Arctic and Alpine Research. https://instaar.colorado.edu/

IUNC Red List. https://www.iucnredlist.org

Körner C. Alpine Plant Life: Functional Plant Ecology of High Mountain Ecosystems. 
Berlin: Springer; 2003.

MacKinnon A, Pojar J.  Alpine Plants of British Columbia, Alberta and Northwest 
North America. Edmonton: Lone Pine Publishing; 2013.

Mason M. Introduction to Botany. 2017.  http://www.environmentalscience.org/
botany.

Meades S, Hay SG, Brouillet L. Annotated Checklist of the Vascular Plants of New-
foundland and Labrador. Sault Ste. Marie, ONT; 2000 Mar 25. http://www.digitalnat-
uralhistory.com

Nagy L, Grabherr G, Thompson D. Alpine biodiversity in Europe. Berlin: Spring-
er-Verlag. 2003. Vol. 167, Ecological Studies.

Native Plant Network.  https://npn.rngr.net/

North American Botanic Garden Strategy for Plant Conservation 2016-2020.  http://
northamericanplants.org/

Plants 2020: About the GSPC; 2018. http://www.plants2020.net/about-the-gspc/

Porsild AE. Encyclopedia Arctica: unpublished reference work. 1947-51. 15 vol-
umes. https://collections.dartmouth.edu/arctica-beta/html/EA06-12.html.

Roberson EB. Barriers to Native Plant Conservation in the United States: Funding, 
Staffing, Law. Native Plant Conservation Campaign. Sacramento (CA): Center for 
Biological Diversity, California Native Plant Society; 2002.

Rundel PW, Gibson AC, Sharifi MR. The alpine flora of the White Mountains, Cal-
ifornia. Madroño, 2008 Jul 1; 55(3):202-215. https://bioone.org/journals/Madroño/
volume-55/issue-3/0024-9637-55.3.202/THE-ALPINE-FLORA-OF-THE-WHITE-MOUN-
TAINS-CALIFORNIA/10.3120/0024-9637-55.3.202.short

Rundel PW. The diversity and biogeography of the alpine flora of the Sierra Nevada, 
California. Madroño, 2011 Jul 1; 58(3):153-185. https://bioone.org/journals/Madroño/
volume-58/issue-3/0024-9637-58.3.153/The-Diversity-and-Biogeography-of-the-Al-
pine-Flora-of-the/10.3120/0024-9637-58.3.153.short

Seed Banks. Botanic Gardens Conservation International.  https://www.bgci.org/
resources/Seedbanks/

Woodland DW. Are Botanists Becoming the Dinosaurs of Biology in the 21st Centu-
ry? South African Journal of Botany. 2007 Jul;73(3):343–46. https://www.sciencedi-
rect.com/science/article/pii/S0254629907002347

World Flora On-line. http://www.worldfloraonline.org/

https://collections.dartmouth.edu/arctica-beta/html/EA06-12.html



522 South Frontage Road East
Vail, CO 81657 USA

www.bettyfordalpinegardens.org

1007 York Street
Denver, CO 80206

www.botanicgardens.org

20 NABG STRATEGY FOR ALPINE PLANT CONSERVATION


