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Abstract

Climate change poses unprecedented threats to ecosystems worldwide, and
mountainous regions with rare ecosystems, unique landscapes, a large number of
endemic species, and enormous plant biodiversity are highly sensitive to the effects of
climate change. Early spring and late autumn events are major phenological changes
observed in plants in response to climate change, and such changes mainly disturb the
interaction between plants and their pollinators, thereby affecting the fitness and sur-
vival of both species. Climate warming is causing plant species to shift upward along
the elevational gradient in the mountain, resulting in species accumulation at higher
elevations and range contraction of several alpine plant species. Further, climate
warming is augmenting the plant invasion by removing climatic barriers, thus threat-
ening the diversity of native plant species. Moreover, climate warming is contributing
to habitat fragmentation and loss and accelerating the associated impacts. All these
impacts of climate change can potentially alter the composition, structure, and func-
tion of pristine mountain ecosystems, which leads to irreversible biodiversity losses.
Thus, various climate change mitigation strategies, such as conventional mitigation
strategies, negative emissions technologies, and radiative forcing or geoengineering
technologies, are suggested to stabilize climate warming, thereby conserving irrevers-
ible global biodiversity loss.

Keywords: climate change, habitat fragmentation, habitat shift, mountain ecosystem,
phenology, plant invasion

1. Introduction

Climate change refers to long-term alterations in local, regional, or global
weather patterns (e.g., changes in temperature, precipitation, humidity, and
atmospheric pressure) due to natural and anthropogenic activities. An increase in
global air and oceanic temperature, the retreating of the global ice sheets, a rise in
sea level, extreme weather events such as prolonged drought, frequent heat waves,
erratic rainfall, an increase in flooding events, and the frequent occurrence of
pests and diseases are the consequences of the climatic change evident at national
and international levels. These events are posing unprecedented threats to the
agroeconomy, the livelihood of marginal populations, global biodiversity, and
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the structure, composition, and functions of various ecosystems across the globe.
Climate change, therefore, has become a formidable intergovernmental challenge
that impacts various domains of the environment, ecology, sociopolitics, and
socioeconomy [1].

Mountains are unique ecosystems recognized for their complexity and diversity
[2]. They harbor about 23% of the Earth’s forests and 30% of all land, along with
high levels of biodiversity and endemism [3]. Approximately 1/4th of the global
human population inhabits mountainous regions across the globe, and many
of them are poor [3]. Thus, the biodiversity of the mountains is pivotal for the
sustainable development and survival of human societies [4]. Mountains possess
the most distinct climatic gradients on earth and are one of the key “experimental
fields of nature” because of the sharp environmental gradients they cover and the
spatial fragmentation they generate at the otherwise global occurrence of habitat
types and wilderness [5]. An average temperature decrease of —6°C is observed in
mountains with every 1000 meters increase in elevation due to adiabatic lapse rate,
and inversely, precipitation increases with increasing elevation because air masses
cool and condense if it is elevated to higher elevations [6]. Thus, temperature and
soil moisture are the major factors that determine the zonation of ecosystems along
mountain gradients [5]. Such a type of zonation is the unique feature that differ-
entiates mountain forests from other forests. The definition of mountain forest is
obscure; however, a reasonable definition according to Price et al. [7] is “forests on
land with an elevation of 2500 m above sea level or higher, irrespective of slope, or
on land with an elevation of 300-2500 m and a slope with sharp changes in elevation
within a short distance.” However, mountain environments are highly sensitive to
climate change [8, 9] and experience climate warming at a rapid pace compared to
the Northern Hemisphere [10] or the lowlands [11]. Also, the future air temperatures
of these regions are predicted to be higher than present-day temperatures [10, 12].
The macroclimate warming on mountains has accelerated the rate of species accumu-
lation and potentially jeopardized the primary function of mountains, which is to act
as long-term refugia for biodiversity [13].

Climate influences the vegetation patterns (structure, distribution, and ecology)
of forests around the world [14]. Global warming of 1-2°C is sufficient to impact
most landscapes and ecosystems by altering species composition, productivity, and
biodiversity [15]. When environmental conditions alter, living organisms either
escape, adapt, or become extinct [5]. In the case of plants, they mostly change
their phenology [16] and shift their distributional range to higher latitudes and/or
elevations [17, 18] to track climatic niches in response to climate change. Changes in
flowering phenology often lead to plant-pollinator mismatches, which impact the
reproduction, dispersal, fitness, and survival of the plants and associated pollinators
and other species. The latitudinal or elevational shifts of plant species change the
native species composition, increase the probability of the spread of alien invasive
species (e.g., Eupatorium, Lantana, and Parthenium spp.) in the native ecosystems,
and risk biodiversity. These events potentially accelerate competition among native
and non-native plant species, which can lead to habitat fragmentation, biodiversity
loss, and eventually the extinction of native flora. Therefore, this chapter delves into
the influence of climate change on the phenology, habitat shifting, plant invasion,
habitat fragmentation, and their consequences on native mountain biodiversity and
ecosystems, along with the prospect of the preservation of mountain ecosystems and
their unique plant diversity.
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2. Climate change influencing plant phenology

Phenology is the study of the timing of various seasonal events in an organism’ life
cycle [19], including the response of organisms to climatic or seasonal changes (such as
variation in temperature, precipitation, and duration of sunlight) in the environment
in which they live [20]. Plants are adapted to the annual-seasonal cycle of a particular
region, and seasonal atmospheric variations regulate the different stages of a plant’s
life cycle, such as the appearance of leaves and buds, first bloom or flowering, pollina-
tion, fertilization, seed dispersal, leaf senescence, and germination [20]. Temperature
and photoperiod are the two major environmental factors that cause and control
phenological patterns, especially in higher-latitude ecosystems [11-23]. The global
climate warming phenomenon has drastically changed the various biological processes
[24-26], including phenology [27, 28]. Thus, phenological events are sensitive and the
most prominent indicators of climate change [29-32]. However, according to the study
on Mediterranean shrubland and Mediterranean mountain forest, rainfall and water
availability also affect plant phenology in addition to temperature [33]. Nonetheless,
the early arrival of the growing season of vegetation, the early bud break, leaf flush or
flowering during spring, and late leaf senescence and fruit maturation during autumn
are the most widely studied impacts of climate change on plant phenology [34-37].

The climate warming in the Himalaya is higher than the average global tem-
perature increase [38], and such warming immensely impacts the biodiversity in
mountainous regions [39]. These regions are the “natural laboratory,” which is ideal
for studying the influence of climate change on floral phenology [40]. Variation
in flowering phenology in response to climate change in mountainous regions has
attracted many ecologists [40], and their studies have found that the mean flowering
time of the mountain plant species is sensitive to temperature changes [41] as well as
to changes in elevation, temperature, and precipitation along the elevation gradient of
the mountains [42]. The temperate plant species in the Himalaya showed a mean phe-
nological advancement of 1.9 days in spring events and a mean delay of 1.4 in autumn
events per decade, and the average growing season length was extended by 3.3 days
per decade [43]. Studies on flowering phenology in temperate mountains (e.g., the
Alps) also indicated that spring phenology has preponded over the last few decades
[44-46], and spring flowering times became earlier in the southern subtropical
Nanling region of southern China in response to climate warming [47]. Field-based
observations in the Himalaya showed that some species of Rhododendron are flower-
ing a month earlier than in the past [48]. A similar result of 15 days early flowering in
Rhododendron arboreum Smith compared to previous reports was observed in Kumaun
Region of Central Himalaya (India) [49]. These shifts in peak flowering dates in
R. arboretum over the past 100 years were due to the elevated seasonal and annual
average maximum temperatures [50]. The mean flowering time in Rhododendron spp.
advances 2.27 days per 1°C rise in mean annual temperature [41]. Periodic leafing
and bud break in trees in the Himalayan forests has also advanced by 0.20 days per
year for the past 30 years, and these changes are related to an increase in atmospheric
temperature at the rate of 0.038°C per year [51].

The phenological responses of various plant species to climate change can cause
asynchronous ecological interactions that threaten the structure and function of the
ecosystem [52, 53]. Early and late flowering of the plants impact their ability to adapt
to the surrounding environment, which determines the survival and death of the
plant species [54]. Plant species can adapt to the changing environment if the changes
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in their flowering phenology can track the rate of climate change; however, if the
flowering phenological changes of the species cannot track the rate of climate change,
such species cannot adapt and are eliminated [40]. Thus, the phenological alterations
affect the demography, fitness, and survival of the plant species [55, 56]. Further,

the survival of plant species depends on the reproductive success of pollinators [40].
Therefore, the risk of plant-pollinator mismatches increases with changing flowering
phenology, which threatens the stability of the plant community and impacts ecosys-
tem structure and functions [57]. For example, the changes in the timing of flowering
of Corydalis yanhusuo W. T. Wang gave rise to a phenological mismatch with bumble-
bees (pollinators), which resulted in a low seed setting rate [58]. These observations
indicate the inimical impact of climate warming on the phenology of plants [59, 60].
Thus, plant phenology is becoming an instrumental tool to monitor the effects of
climate warming on vegetation shifts, which have detrimental impacts on biodiversity
and ecosystem functioning [61, 62].

3. Climate change causing habitat shifts

Climate change is altering the environmental conditions of the habitats of plant
and animal species, causing them to shift their habitat range in search of their climatic
niche for survival [63]. Plant species either change elevational range or latitudinal
range in response to climate change [64]. However, the tolerance level of individual
species to environmental change determines the need for a shift and its extent [63].
It has been predicted that climate warming will shift the distributions of plants and
animals toward the pole along the latitudinal gradient and toward higher elevation
along the elevational gradient in the track of isotherms [65]. For example, a meta-
analysis of more than 1700 plant species indicated that climate change is attributing
to the advance of spring events by 2.3 days per decade and an average range shift of
6.1 m/decade toward the pole [17]. Several studies in the Alps indicated upslope eleva-
tional shifts of species in response to climate change, and they were able to track their
ecological niche with rising global temperatures [66-69]. A study on changes in the
optimum elevation of 171 forest plants between 1905-1985 and 19862005 indicated
the upslope migration of plant species across six mountain ranges in France [66]. A
study on Mt. Gongga (China) also depicted an upward shift of 53 plant species in
response to climate change [70]. In the Nordic region (Northern Europe), the distri-
bution of cereal and grass is likely to shift by up to 92.8 and 178.7 km, depending on
the intensity of climate change [71], and some crop species have already been intro-
duced to new areas [72]. Our study on large cardamom (Amomum subulatum Roxb.,
a commercially important spice crop of Sikkim, India) also indicated that cultivars
previously grown at low elevations (below 975 m asl) are shifted to high elevations
(above 975 m), and climate change is augmenting this elevational shift [73].

The plant diversity of the Alpine region in the mountain range is higher than the
global average [74, 75]; thus, the Alpine meadows are included under the 200 critical
global ecoregions [76]. However, plant species in the GLORIA (Global Observation
Research Initiative in Alpine Environments) network of mountains in Europe have
shifted their elevational distributions to higher elevations between 2001 and 2008,
with an average shift of 2.7 m/year [77]. Telwala et al. [78] suggested that the winter
temperature of alpine regions of Sikkim Himalaya (India) has become warmer than
the winter temperature of the last two centuries, and the upper elevation limit of
the species was shifted to 23-998 m with an average upward displacement rate of

1



Climate Change and Its Impact on Mountainous Plant Species: A Review
DOI: http://dx.doi.org/10.5772/intechopen.1004445

275 + 22.1 m per decade. About 87% of the 124 endemic plant species have shifted
their geographic range in the region, which caused an increase in species richness in
the upper alpine zone compared to the nineteenth century, and the plant assemblages
and community structure of the region were substantially different compared to

the last century [78]. The species richness of vascular plants on Mount Schrankogel,
which is a major GLORIA site located in the Tyrolean Alps (Austria), increased by
11.8% within a decade [79]. Similarly, Parolo and Rossi [80] also reported that plant
species richness in the Italian Alps was higher between the years 2003-2005 compared
to 1954-1958. In addition to elevational shifts of mountain species [69], climate
change can also cause contraction of the elevational ranges of mountain plants, which
accelerates the threat of local extinctions of the endemic alpine species [80-84]. Such
redistribution of plant species to new areas may alter the existing native plant com-
munities and increase competition for space and nutrients for survival, which may
disturb the prevalent structure and function of the mountain. Besides competition for
resources and space, such exotic species expanding the elevational area and becoming
invasive could disturb the functioning of the mountain ecosystem and increase the
loss of mountain biodiversity [85, 86].

Along with the redistribution of native plants along mountain slopes, non-native
plant species also tend to shift upward and expand their elevational range to colonize
new habitats in the mountain ecosystem [87-90]. This habitat expansion or redis-
tribution of non-native plant species toward the higher elevation of the mountain
exerts an additional threat to native plants by increasing competition between them
and non-native plant species at higher elevations [91]. Native and non-native species
follow distinct patterns of distribution along the elevational gradients of the mountain
because they have different ecological backgrounds and evolutionary histories [92, 93].
Thus, the direction and magnitude of elevational range shifts for native and non-native
plant species differ significantly under changing macroclimates. However, several
controversial results on species redistributions have also been reported in the past few
decades, both at regional [66, 94] and global levels [95]. Apart from rising tempera-
tures, changes in precipitation and the functional traits of plant species, such as their
ability to disperse and colonize new areas, also contribute to the upward shift of species
along an elevational gradient [70]. For example, studies in California [94] and the
Mediterranean mountains of southern Europe [77] found that changes in precipitation
patterns contributed more than temperature increases to the elevational shifts of plant
species. Therefore, it is crucial to determine the major abiotic and biotic factors respon-
sible for species redistribution. Nonetheless, the distinct macroclimatic gradients along
the slope from the bottom of the valley to the top of the mountains act as a natural
experimental field to investigate the effect of climate change on biodiversity [96, 97].

4. Climate change and plant invasion

Invasive plants are non-native plant species that are intentionally or inadvertently
introduced into new geographic areas, eventually posing a threat to native plant
diversity. Species with a broader physiological niche can tolerate a wide range of envi-
ronments, and such species have a high potential to become invasive [98]. Biological
invasions aided by climate change can exert extremely critical environmental impacts
[99] and thus significantly contribute to environmental change across the globe [100].
Climate change intensifies the risks and losses in ecosystems through different mecha-
nisms, including the removal of climatic barriers, thereby augmenting the spread of
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invasive species [101, 102]. Compared to native plants, invasive plant species tend to
shift their niche rapidly and are likely to adapt to new dwelling environments quickly
[101, 103]. In addition, a rise in atmospheric carbon dioxide (CO,) concentration and
global warming favors the survival of invasive plant species over native plant species
[104]. For example, the range of alien evergreen plants in Swiss forests has expanded
in response to a decrease in the frequency of frost intervals due to climate warming
[105]. Therefore, vegetation communities across the globe are expected to change
because of the increases in global temperature [106].

Climate change has already elevated the spread of invasive species [107] and
accelerated the expansion of native species [108], transforming them into invasive
ones. For example, Yushania maling (Gamble) R.B. Majumdar & Karthik, which is
native to the temperate zones of the Eastern Himalaya [109, 110], whose occurrence
in Darjeeling district of West Bengal, India, was first recorded during the 1980s [111].
It has spread rapidly in the forest areas, potentially due to climate change causing a
threat to the native floral diversity and ecosystems [109, 110, 112, 113]; thus, it is now
considered a native invasive species in the region [109, 110, 113]. In mountain eco-
systems, non-native invasive species are abundant between low and mid-elevations;
however, anthropogenic activities and ongoing climate change are likely to acceler-
ate their spread and dominance at high elevations [114]. Priyanka and Joshi [115]
also suggested that most parts of the western and southern regions of the western
Himalaya (India) tend to become suitable for the expansion of invasive pant Lantana
camara L. in the future due to increased warming. In Kashmir (part of the western
Himalaya), the invasive species are already augmenting the homogenization of the
terrestrial ecosystems [116]. These invasive species are invading protected areas of the
region and disturbing the habitat and food availability of the native wildlife [117, 118].
Such reports indicate that the mountainous regions are vulnerable to plant invasion
due to climate change, specifically climate warming.

Invasive plant species are known to alter the diversity and composition of the
native flora and form nearly mono-specific stands (homogenization). They also
impact a wide range of abiotic and biotic factors that could potentially change the
function and services contributed by the invaded ecosystems. Invasive plant species
can directly impact the activity, productivity, and survival of native biota [119].
They have superior potential to compete for space and resources and a more efficient
capacity to utilize resources than the native species. Thus, they have a major influence
on resources (e.g., nutrients) and space in new habitats, as well as modify ecological
processes, thereby outcompete native species and degrade the habitats of native biota
in the ecosystems [120]. In brief, invasive plant species displace native plant species
from their original habitats, degrade ecosystems, have a negative impact on human
health [121, 122], homogenize the world’s biological systems, and cause global biodi-
versity loss. Therefore, climate change-driven biological invasions could potentially
disrupt the diversity, composition, structure, function, and services of mountain
ecosystems and cause a severe impact on mountain biodiversity.

5. Habitat fragmentation and biodiversity loss due to climate change

Global biodiversity is under severe threat due to increasing anthropogenic
activities (e.g., habitat destruction) and climate change. Habitat fragmentation or
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habitat loss of plants is generally attributed to human-induced causes such as change
in land-use patterns, deforestation, overexploitation, intentional forest fires, and
pollution. However, climate change also causes fragmentation of favorable habitats,
leading to a decline in the habitat quality of the species [123]. Habitat fragmenta-
tion produces small populations with widening spatial isolation, which potentially
accelerates the risk of extinction [124-126]. Mantyka-Pringle [127] suggested that
recent climate and climate change are key factors that determine the negative effects
of habitat loss, and raising temperatures is the major determinant of habitat loss
and fragmentation effects, while change in precipitation over the past 100 years is of
secondary importance. Further, habitat loss and fragmentation effects were highest
in regions with high maximum temperatures [127], suggesting that climate change
is contributing to enhanced habitat fragmentation across the globe. In landscapes
undergoing habitat fragmentation, certain species will obviously be affected by
habitat loss, and in such a scenario, associated or dependent species may also be
lost, causing populations to decline [128-130]. Nonetheless, there has been massive
biodiversity loss over the past few decades that can potentially initiate the sixth
mass extinction crisis due to the environmental changes induced by anthropogenic
activities [131].

Climate change is considered a major factor in the decline of global biodiversity.
At a basic level, climate change is influencing the reduction of genetic diversity in
populations due to rapid migration and directional selection, which can further
affect the resilience and functioning of the ecosystem [132]. At the community
level, the “web of interactions” among different populations is likely to be modified
due to the various effects of climate change [133, 134]. As described in the sections
above, climate change alters phenological events, thereby disrupting plant-pollina-
tor interactions [57]. This can cause the extinction of both pollinators and plants,
with expected impacts on the structure of plant-pollinator networks [135, 136].
Based on the study of 9650 inter-specific systems, which include pollinators and
parasites, about 6300 species are expected to disappear along with the extinction of
their associated species [137]. Several climatic variables determine the geographical
distribution ranges of various species, and therefore, species shift their distribution
range depending upon their dispersal capacities and go locally extinct in response
to climate change [138, 139]. Such redistribution of species reduces biodiversity at
low elevations and latitudes and causes habitat fragmentation and range contrac-
tion of several native species in alpine and polar ecosystems, paving the way for
their disappearance from the ecosystem. Further, a global rise in temperature favors
the survival of invasive alien plant species over native plant species [106]. These
invasive plant species are known to alter the environment they invade, have efficient
dispersal and reproductive capacity, and thus outcompete the native plant spe-
cies in terms of space and resource utilization. They homogenize the diversity and
composition of the invaded region, resulting in the loss of native biodiversity. Most
of the studies at present indicate that habitat loss and fragmentation have a greater
impact on species and ecosystems than climate warming [140-143]. However, in due
course, the effect of climate change is expected to increase and contribute more to
determining population trends than habitat fragmentation and loss [144]. Based on
this chapter, the consequences of climate change on mountainous plant species and
the different ways in which climate change leads to biodiversity loss are summarized
in Figure 1.
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Figure 1.
Impact of climate change on mountainous plant species leading to biodiversity loss.

6. Climate change mitigation and future prospective

As of now, the discussion in this chapter has strongly indicated that climate
warming is the major driver of climate change-related biological consequences
like change in plant phenology, upward elevational shift, plant invasion, habitat
fragmentation, and biodiversity loss. Therefore, global climate change mitigation
strategies should focus primarily on minimizing or stabilizing the global tem-
perature increase in order to regulate the biological issues that arise due to climate
change. There is ample literature that provides knowledge about the initiation
of global summits and conventions aimed at framing policies to regulate climate
change and biodiversity loss. Therefore, this section directly focuses on the three
widely discussed climate change mitigation strategies suggested recently by Fawzy
etal. [145]:

Conventional mitigation strategies: energy-related emissions of various gases are
the major driver for raising the concentration of atmospheric greenhouse gases.
Therefore, conventional mitigation strategies prioritize the use of decarboniza-
tion technologies and techniques that decrease carbon dioxide (CO,) emissions.
Conventional mitigation strategies are deployed in four main sectors: on the supply
side (power sector) and on the demand side (industry, buildings, and transporta-
tion sectors). Mitigation efforts on the supply side include decarbonization through
the utilization of renewable energy, fuel switching to low-carbon fuels such as
natural gas and renewable fuels, carbon capture and storage, and nuclear power.
On the demand side, mitigation efforts include gaining efficiency through the
utilization of sector-specific technologies; energy-efficient methods that reduce
the consumption of energy; and the inclusion of renewable power technologies that
are within the energy matrix of sectors on the demand side [146, 147]. Most of the
conventional mitigation technologies are well established and have an acceptable
level of managed risk.

Negative emissions technologies or carbon dioxide removal methods: include the
techniques deployed to capture and sequester atmospheric CO, [148]. For example,



Climate Change and Its Impact on Mountainous Plant Species: A Review
DOI: http://dx.doi.org/10.5772/intechopen.1004445

wetland construction and restoration, afforestation and reforestation, direct air
carbon capture and storage, bioenergy carbon capture and storage, enhanced
weathering, ocean alkalinity enhancement, soil carbon sequestration, etc. To date,
afforestation and reforestation, as well as bioenergy carbon capture and storage, are
included in the IPCC assessments [149]. However, a study suggested that negative
emissions technologies are still in their infancy; therefore, climate policy should
remain focused on conventional mitigation technologies, while further financial
resources should be invested to accelerate the progress of negative emissions
technologies [150].

Radiative forcing geoengineering technologies: focus on the reduction or stabiliza-
tion of atmospheric temperature by altering the radiation balance of the earth
through managing solar and terrestrial radiation. Unlike the above two strategies,
this technique suggests stabilizing temperature without changing the concentration
of greenhouse gases. For example: cirrus cloud thinning, marine sky brightening,
stratospheric aerosol injection, space-based mirrors, surface-based brightening,
etc. However, these strategies are still theoretical, in the early stages of trial, and
uncertain and risky in terms of large-scale practical utilization. Therefore, radiative
forcing geoengineering techniques are still not included in climate policy frame-
works [151, 152].

7. Conclusion

Climate change is one of the major issues facing our planet in the anthropocene.
Mountainous regions of the world harbor unique ecosystems and high biodi-
versity and are considered the refugia of biodiversity. However, these regions of
the world are highly sensitive to climate change; therefore, the impact of climate
change is highly visible on mountains as compared to lowlands. Climate warming,
or an increase in the global earth’s temperature, is the major climatic change that
is impacting the entire world and the mountains in particular. The phenological
changes, such as early spring events and late autumn events, are evidently disturbing
the various plant-animal interactions, such as plant-pollinator interactions. Raising
temperatures are compelling various plant species to shift their geographic ranges
in search of suitable climatic niches. Climate warming is further removing climatic
barriers for invasive alien plant species and increasing the possibilities of their
invasions in new areas. Climate change, along with other anthropogenic activities,
is contributing to major habitat fragmentation or loss for several plant species. All
these responses of mountainous plants to climate change would alter the species
composition, structure, and functioning of the mountain ecosystems, eventually
leading to the extinction and biodiversity loss of native plant species. Therefore, it is
pivotal to mitigate climate change in order to conserve the sixth biodiversity extinc-
tion because the economy and livelihood of people living on mountains directly or
indirectly depend on the biodiversity and services provided by mountain ecosys-
tems. The major focus of climate change mitigation should be reducing or stabilizing
the global temperature because global warming is the major driver of most of the
biological changes caused by climate change. Conventional mitigation strategies,
negative emissions technologies, carbon dioxide removal methods, and radiative
forcing geoengineering technologies are the major strategies that can be explored
further for climate change mitigation.



Sustainable Forest Management — Surpassing Climate Change and Land Degradation

Acknowledgements

The author would like to extend gratitude to the editor Dr. Surendra N. Kulshrestha
from the University of Saskatchewan, Canada; Ms. Ivana Barac (Publishing Process
Manager, IntechOpen); and the entire team of IntechOpen for proving an opportunity
to contribute a chapter to this book.

Conflict of interest

The author has no conflict of interest in the publication.

Author details

Patrush Lepcha
Department of Botany, Sikkim University, Gangtok, Sikkim, India

*Address all correspondence to: patrushlepcha93@gmail.com

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

10



Climate Change and Its Impact on Mountainous Plant Species: A Review

DOI: http://dx.doi.org/10.5772/intechopen.1004445

References

[1] Feliciano D, Recha J, Ambaw G,
MacSween K, Solomon D, Wollenberg E.
Assessment of agricultural emissions,
climate change mitigation and adaptation
practices in Ethiopia. Climate Policy.
2022;22(4):427-444

[2] Messerli B, Ives ], editors. Mountains
of the Word. A Global Priority. New-
York: Parthenon Publishing; 1997. p. 496

[3] Zhang L, Wang J. Mountain
biodiversity, species distribution and
ecosystem functioning in a changing
world. Diversity. 2023;15(7):799

[4] Perrigo A, Hoorn C, Antonelli A.
Why mountains matter for biodiversity.
Journal of Biogeography.
2019;47(10):1-11

[5] Spehn E, Rudmann-Maurer K.
Impacts of climate change on
mountain biodiversity in Europe. In:
Discussion Paper of Convention on the
Conservation of European Wildlife and
Natural Habitats, 6-9 December 2010.
Starsbourg, France: Council of Europe;
2010

(6] Berlyn GP. Some thoughts on
mountain forests: Their benefits and
sustainability. Journal of Sustainable
Forestry. 2023;42(10):961-966

[7] Price MF, Gratzer G, Duguma LA,
Kohler T, Maselli D, Romeo R. Mountain
Forests in a Changing World - Realizing
Values, Addressing Challenges. Rome:
FAO/MPS and SDC; 2011

[8] Beniston M. Climatic change in
mountain regions: A review of possible
impacts. In: Diaz HF, editor. Climate
Variability and Change in High Elevation
Regions: Past, Present & Future.
Advances in Global Change Research.

11

Vol. 15. Dordrecht: Springer; 2003.
pp- 5-31

[9] Beniston M. The risks associated with
climatic change in mountain regions.

In: Huber U, Bugmann H, Reasoner M,
editors. Global Change and Mountain
Regions: An Overview of Current
Knowledge. Dordrecht, Netherlands:
Springer; 2005. pp. 511-520

[10] Rebetez M, Reinhard M.

Monthly air temperature trends in
Switzerland 1901-2000 and 1975-2004.
Theoretical and Applied Climatology.
2008;91:27-34

[11] Mountain Research Initiative EDW
Working Group. Elevation-dependent
warming in mountain regions of

the world. Nature Climate Change.
2015;5:424-430

[12] Nogués-Bravo D, Aratdjo MB,
Errea MP, Martinez-Rica JP. Exposure
of global mountain systems to climate
warming during the 21st century.
Global Environmental Change.
2007;17(3-4):420-428

[13] Steinbauer MJ, Grytnes JA,
Jurasinski G, Kulonen A, Lenoir J,
Pauli H, et al. Accelerated increase in
plant species richness on mountain
summits is linked to warming. Nature.
2018;556(7700):231-234

[14] Negi GCS, Samal PK, Kuniyal JC,
Kothyari BP, Sharma RK, Dhyani PP.
Impact of climate change on the Western
Himalayan Mountain ecosystems:

An overview. Tropical Ecology.

2012;53(3):345-356

[15] Leemans R, Eickhout B. Another
reason for concern: Regional and global
impacts on ecosystems for different levels



Sustainable Forest Management — Surpassing Climate Change and Land Degradation

of climate change. Global Environment
Change. 2004;14(30):219-228

[16] Cleland EE, Chuine I, Menzel A,
Mooney HA, Schwartz MD. Shifting
plant phenology in response to global
change. Trends in Ecology and Evolution.
2007;22(7):357-365

[17] Parmesan C, Yohe G. A globally
coherent fingerprint of climate change
impacts across natural systems. Nature.
2003;421(6918):37-42

[18] Chen IC, Hill JK, Ohlemuller R,
Roy DB, Thomas CD. Rapid range
shifts of species associated with high

levels of climate warming. Science.
2011;333(6045):1024-1026

[19] Visser ME, Caro SP, Van Oers K,
Schaper SV, Helm B. Phenology, seasonal
timing and circannual rhythms:

Towards a unified framework.
Philosophical Transactions of the

Royal Society B: Biological Sciences.
2010;365(1555):3113-3127

[20] Moza MK, Bhatnagar AK. Phenology
and climate change. Current Science.
2005;89(2):243-244

[21] Ferrera TS, Pelissaro TM,

Eisinger SM, Righi EZ, Buriol GA.
Phenology of native tree species in

the central region of the state of Rio
Grandedo Sul/Brazil. Ciéncia Florestal.

2017;27(3):753-766

[22] Souza IM, Funch LS. Synchronization
of leafing and reproductive phenological
events in Hymenaea L. species
(Leguminosae, Caesalpinioideae):

The role of photoperiod as the

trigger. Brazilian Journal of Botany.
2017;40:125-136

[23] Singh P, Negi GCS. Impact of climate
change on phenological responses of
major Forest trees of Kumaun Himalaya.

12

ENVIS Bulletin Himalayan Ecology.
2019;24:112-116

[24] Hughes L. Biological consequences
of global warming: Is the signal already
apparent? Trends in Ecology and
Evolution. 2000;15(2):56-61

[25] Intergovernmental Panel on

Climate Change (IPCC). Summary for
policymakers. In: Metz B, Davidson OR,
Bosch PR, editors. Climate Change 2007:
Mitigation. Contribution of Working
Group III to the Fourth Assessment
Report of the IPCC. UK and USA:
Cambridge University Press; 2007

[26] Chapin FS, Randerson JT,

McGuire AD, Foley JA, Field CB.
Changing feedbacks in the climate—
biosphere system. Frontiers in Ecology
and the Environment. 2008;6(6):313-320

[27] Lesica P, Kittelson PM. Precipitation
and temperature are associated with
advanced flowering phenology in a
semi-arid grassland. Journal of Arid
Environments. 2010;74(9):1013-1017

[28] Woods T, Kaz A, Giam X.
Phenology in freshwaters: A review and
recommendations for future research.
Ecography. 2022;2022(6):e05564

[29] Schwartz MD. Green-wave phenology.
Nature. 1998;394(6696):839-840

[30] Menzel A, Fabian P. Growing
season extended in Europe. Nature.
1999;397(6721):659

[31] Beaubien EC, Freeland HJ.

Spring phenology trends in Alberta,
Canada: Links to ocean temperature.
International Journal of Biometeorology.

2000;44(2):53-59

[32] Sparks T, Menzel A, Stenseth N.
European cooperation in plant phenology.
Climate Research. 2009;39:175-177



Climate Change and Its Impact on Mountainous Plant Species: A Review

DOI: http://dx.doi.org/10.5772/intechopen.1004445

[33] Pefiuelas ], Filella I, Zhang XY,
Llorens L, Ogaya R, Lloret F, et al.
Complex spatiotemporal phenological
shifts as a response to rainfall changes.
New Phytologist. 2004;161(3):837-846

[34] Garonnal, de Jong R,

Schaepman ME. Variability and
evolution of global land surface
phenology over the past three decades
(1982-2012). Global Change Biology.
2016;22(4):1456-1468

[35] Iler AM, CaraDonna PJ, Forrest JR,
Post E. Demographic consequences

of phenological shifts in response to
climate change. Annual Review of
Ecology, Evolution, and Systematics.
2021;52:221-245

[36] Liu Q, Piao S, Campioli M, Gao M,
FuYH, Wang K, et al. Modeling leaf
senescence of deciduous tree species
in Europe. Global Change Biology.
2020;26(7):4104-4118

[37] Xie Y, Thammavong HT, Park DS.
The ecological implications of intra- and
inter-species variation in phenological
sensitivity. New Phytologist.
2022;236(2):760-773

[38] Singh SP, Singh V, Skutsch M. Rapid
warming in the Himalayas: Ecosystem
responses and development

options. Climate and Development.
2010;2(3):221-232

[39] Dedieu JP, Lessard-Fontaine A,
Ravazzani G, Cremonese E,
Shalpykova G, Beniston M. Shifting
mountain snow patterns in a changing
climate from remote sensing retrieval.
Science of the Total Environment.
2014;493:1267-1279

[40] Zu K, Chen F, LiY, Shrestha N,
Fang X, Ahmad S, et al. Climate change
impacts flowering phenology in
Gongga Mountains, Southwest China.

13

Plant Diversity. 2023. DOI: 10.1016/j.
pld.2023.07.007

[41] Hart R, Salick J, Ranjitkar S, Xu J.
Herbarium specimens show contrasting
phenological responses to

Himalayan climate. Proceedings of

the National Academy of Sciences

of the United States of America.
2014;111(29):10615-10619

[42] Rafferty NE, Diez JM, Bertelsen CD.
Changing climate drives divergent and
nonlinear shifts in flowering phenology
across elevations. Current Biology.
2020;30(3):432-441

[43] Khanduri VP, Sharma CM, Singh SP.
The effects of climate change on plant
phenology. The Environmentalist.
2008;28:143-147

[44] Ovaskainen O, Skorokhodova S,
Yakovleva M, Sukhov A, Kutenkov A,
Kutenkova N, et al. Community-
level phenological response to
climate change. Proceedings of

the National Academy of Sciences

of the United States of America.
2013;110(33):13434-13439

[45] CaraDonna PJ, Iler AM, Inouye DW.
Shifts in flowering phenology reshape a
subalpine plant community. Proceedings
of the National Academy of Sciences

of the United States of America.
2014;111(13):4916-4921

[46] Vitasse Y, Ursenbacher S,

Klein G, Bohnenstengel T, ChittaroY,
Delestrade A, et al. Phenological and
elevational shifts of plants, animals
and fungi under climate change in the
European Alps. Biological Reviews of
the Cambridge Philosophical Society.
2021;96(5):1816-1835

[47] Song Z, DuY, Primack RB,
Miller-Rushing AJ, Ye W,
Huang Z. Surprising roles of climate



Sustainable Forest Management — Surpassing Climate Change and Land Degradation

in regulating flowering phenology in
a subtropical ecosystem. Ecography.
2021;44(9):1379-1390

[48] Shrestha UB, Gautam S, Bawa KS.
Widespread climate change in the
Himalayas and associated changes
inlocal ecosystems. PLoS One.

2012;7(5):e36741

[49] Shah S, Verma A, Tewari A.
Timing of shifts in phenological events
in Rhododendron arboreum Smith.
Influenced by climatic irregularities in
Kumaun regions of central Himalaya.
Global Journal of Scientific Researches.
2014;2(2):56-59

[50] Gaira KS, Rawal RS, Rawat B,
Bhatt D. Impact of climate change on the
flowering of Rhododendron arboreum in

central Himalaya, India. Current Science.

2014;106(12):1735-1738

[51] Negi GCS, Singh P, Singh SP.
Atmospheric warming-associated
phenology earliness does not increase the
length of growing season in Himalayan

trees. Forest Science. 2021;67(6):694-700.

DOI: 10.1093/forsci/fxab040

[52] Thackeray SJ, Henrys PA,
Hemming D, Bell JR, Botham MS,
Burthe S, et al. Phenological sensitivity
to climate across taxa and trophic levels.
Nature. 2016;535(7611):241-245

[53] Pelayo RC, Llambi LD, Gdmez LE,
Barrios YC, Ramirez LA, Torres JE,
etal. Plant phenology dynamics and
pollination networks in summits of
the high tropical Andes: A baseline for
monitoring climate change impacts.
Frontier in Ecology and Evolution.
2021;9:679045

[54] CaraDonna PJ, Cunningham JL,
Iler AM. Experimental warming in the
field delays phenology and reduces
body mass, fat content and survival:

14

Implications for the persistence of
a pollinator under climate change.
Functional Ecology. 2018;32:2345-2356

[55] Kharouba HM, Ehrlén J, Gelman A,
Bolmgren K, Allen JM, Travers SE,

et al. Global shifts in the phenological
synchrony of species interactions

over recent decades. Proceedings of
the National Academy of Sciences

of the United States of America.
2018;115(20):5211-5216

[56] Portalier SM, Candau JN,

Lutscher F. A temperature-driven

model of phenological mismatch
provides insights into the potential
impacts of climate change on consumer—
resource interactions. Ecography.
2022;2022(8):e06259

[57] Franco-Cisterna M,
Ramos-Jiliberto R, de Espanés PM,
Vazquez DP. Phenological shifts drive
biodiversity loss in plant-pollinator
networks. bioRxiv Preprint. 2020.
DOI: 10.1101/2020.04.03.023457

(58] Kudo K, Ida TY. Early onset of spring
increases the phenological mismatch
between plants and pollinators. Ecology.
2013;94(10):2311-2320

[59] Menzel A, Sparks TH, Estrella N,
KochE, Aasa A, AhasR, etal.
European phenological response to
climate change matches the warming
pattern. Global Change Biology.
2006;12(10):1969-1976

[60] Piao S, Liu Q, Chen A, Janssens IA,
FuY, DaiJ, et al. Plant phenology and
global climate change: Current progresses
and challenges. Global Change Biology.
2019;25(6):1922-1940

[61] Menzel A. Phenology: Its importance
to the global change community. An
editorial comment. Climate Change.
2002;54(4):379-385



Climate Change and Its Impact on Mountainous Plant Species: A Review

DOI: http://dx.doi.org/10.5772/intechopen.1004445

[62] Inouye DW. Climate change and
phenology. WIREs Climate Change.
2022;13(3):e764

[63] Shifting habitats. Nature Climate
Change. 30 Apr 2020;10:377

[64] Davis MB, Shaw RG. Range
shifts and adaptive responses to
quaternary climate change. Science.
2001;292(5517):673-679

[65] Lenoir J, Svenning JC. Latitudinal
and elevational range shifts under
contemporary climate change.
Encyclopedia Biodiversity.
2013;4:599-611

[66] Lenoir ], Gégout JC, Marquet PA, de
Ruffray P, Brisse H. A significant upward
shift in plant species optimum elevation
during the 20th century. Science.
2008;320(5884):1768-1771

[67] Gaston K]J. The Structure and
Dynamics of Geographic Ranges. UK:
Oxford University Press; 2003

[68] Menéndez R, Gonzalez-Megias A,
Jay-Robert P, Marquéz-Ferrando R.
Climate change and elevational range
shifts: Evidence from dung beetles

in two European Mountain ranges.
Global Ecology and Biogeography.
2014;23(6):646-657

[69] Rowe KC, Rowe KMC, Tingley MW,
Koo MS, Moritz C. Spatially
heterogeneous impact of climate
change on small mammals of montane
California. Proceedings of the

Royal Society B: Biological Sciences.
2015;282(1799):20141857

[70] Zu K, Wang Z, Zhu X, Lenoir J,
Shrestha N, Lyu T, et al. Upward shift
and elevational range contractions of
Subtropical Mountain plants in response
to climate change. Science of the Total
Environment. 2021;783:146896

15

[71] Nainggolan D, Abay AT,

Christensen JH, Termasen M. The impact
of climate change on crop mix shift in
the Nordic region. Scientific Reports.
2023;13:2962

[72] Odgaard MV, Bacher PK,
Dalgaard T, Svenning JC. Climate

and non-climatic drivers of
spatiotemporal maize-area dynamics
across the northern limit for maize
production—A case study from
Denmark. Agriculture, Ecosystems &
Environment. 2011;142(3-4):291-302

[73] Lepcha P, Gaira KS, Pandey A,
Chettri SK, Lepcha ], Lepcha ], etal.
Elevation determines the productivity
of large cardamom (Amomum subulatum
Roxb.) cultivars in Sikkim Himalaya.
Scientific Reports. 2023;13:21673

[74] Korner C. Alpine Plant Life:
Functional Plant Ecology of High
Mountain Ecosystems. Berlin: Springer;
1999

[75] Salick J, Zhendong F, Byg A.
Eastern Himalayan alpine plant ecology,
Tibetan ethnobotany, and climate
change. Global Environmental Change.

2009;19(2):147-155

[76] Olson DM, Dinerstein E. The global
200: A representation approach to
conserving the Earth’s Most biologically
valuable ecoregions. Conservation
Biology. 1998;12(3):502-515

[77] Pauli H, Gottfried M, Dullinger S,
Abdaladze O, Grabherr G. Recent plant
diversity changes on Europe's mountain
summits. Science. 2012;336(6079):353-
355

[78] Telwala Y, Brook BW, Manish K,
Pandit MK. Climate-induced elevational
range shifts and increase in plant species
richness in a Himalayan biodiversity
epicentre. PLoS One. 2013;8(2):e57103



Sustainable Forest Management — Surpassing Climate Change and Land Degradation

[79] Pauli H, Gottfried M, Reiter K,
Klettner C, Grabherr G. Signals of range
expansions and contractions of vascular
plants in the high Alps: Observations
(1994-2004) at the GLORIA*master

site Schrankogel, Tyrol, Austria. Global
Change Biology. 2007;13(1):147-156

[80] Parolo G, Rossi G. Upward migration
of vascular plants following a climate
warming trend in the Alps. Basic and
Applied Ecology. 2008;9(2):100-107

[81] Manne LL, Brooks TM, Pimm SL.
Relative risk of extinction of passerine
birds on continents and islands. Nature.
1999;399(6733):258-261

[82] Pounds AJ, Martin BR, Coloma LA,
Consuegra JA, Fogden MPL,

Foster PN, et al. Widespread amphibian
extinctions from epidemic disease
driven by global warming. Nature.
2006;439(7073):161-167

[83] La Sorte FA, Jetz W. Projected range
contractions of montane biodiversity
under global warming. Proceedings of
the Royal Society B: Biological Sciences.
2010;277(1699):3401-3410

[84] Freeman BG, Scholer MN,
Ruiz-Gutierrez V, Fitzpatrick JW.
Climate change causes upslope shifts
and mountaintop extirpations in a
tropical bird community. Proceedings
of the National Academy of Sciences
of the United States of America.
2018;115(47):11982-11987

[85] Hejda M, PySek P, Jarosik V. Impact
of invasive plants on the species richness,
diversity and composition of invaded
communities. Journal of Ecology.
2009;97(3):393-403

[86] Pauchard A, Milbau A, Albihn A,
Alexander J, Burgess T, Daehler C, et al.
Non-native and native organisms
moving into high elevation and high

16

latitude ecosystems in an era of climate
change: New challenges for ecology
and conservation. Biological Invasion.
2015;18(2):345-353

[87] Dainese M, Aikio S, Hulme PE,
Bertolli A, Prosser F, Marini L. Human
disturbance and upward expansion of
plants in a warming climate. Nature
Climate Change. 2017;7(8):577-580

[88] Koide D, Yoshida K, Daehler CC,
Mueller-Dombois D, Wildi O. An upward
elevation shift of native and non-native
vascular plants over 40 years on the
island of Hawai'i. Journal of Vegetation
Science. 2017;28(5):939-950

[89] Lembrechts JJ, Alexander JM,
Cavieres LA, Haider S, Lenoir J,
Kueffer C, et al. Mountain roads shift
native and non-native plant species'
ranges. Ecography. 2017;40(3):353-364

[90] Rew L], McDougall KL,

Alexander JM, Daehler CC, Essl F,
Haider S, et al. Moving up and over:
Redistribution of plants in alpine, Arctic,
and Antarctic ecosystems under global
change. Arctic, Antarctic, and Alpine
Research. 2020;52(1):651-665

[91] Bezeng BS, Morales-Castilla I,

Van D, Yessoufou K, Daru BH, Davies TJ.
Climate change may reduce the spread
of non-native species. Ecosphere.
2017;8(3):e01694

[92] Sandoya V, Pauchard A, Cavieres LA.
Natives and non-natives plants show
different responses to elevation and
disturbance on the tropical high Andes
of Ecuador. Ecology and Evolution.
2017;7(2):7909-7919

[93] Guo Q, Fei S, Shen Z, lannone BV,
Knott J, Chown SL. A global analysis
of elevational distribution of non-
native versus native plants. Journal of
Biogeography. 2018;45(4):793-803



Climate Change and Its Impact on Mountainous Plant Species: A Review

DOI: http://dx.doi.org/10.5772/intechopen.1004445

[94] Crimmins SM, Dobrowski SZ,
Greenberg JA, AbatzoglouJT,
Mynsberge AR. Changes in climatic
water balance drive downhill shifts
in plant species’ optimum elevations.
Science. 2011;331(6015):324-327

[95] Guo F, Lenoir J, Bonebrake TC.
Land-use change interacts with climate
to determine elevational species

redistribution. Nature Communications.
2018;9(1):1315

[96] Korner C. Why are there global
gradients in species richness? Mountains
might hold the answer. Trends in Ecology
and Evolution. 2000;15(12):513-514

[97] Myers N, Mittermeier RA,
Mittermeier CG, da Fonseca GAB,
Kent J. Biodiversity hotspots for
conservation priorities. Science.
2000;403(6772):853-858

[98] Higgins SI, Richardson DM. Invasive
plants have broader physiological niches.
Proceeding of the National Academy of
Sciences of the United States of America.
2014;111(29):10610-10614

[99] Crowl TA, Crist TO, Parmenter RR,
Belovsky G, Lugo AE. The spread of
invasive species and infectious disease
as drivers of ecosystem change. Frontier

in Ecology and the Environment.
2008;6(5):238-246

[100] Dawson W, Schrama M.
Identifying the role of soil microbes

in plant invasions. Journal of Ecology.
2016;104(5):1211-1218

[101] Hellmann JJ, Byers JE,
Bierwagen BG, Dukes JS. Five potential
consequences of climate change for

invasive species. Conservation Biology.
2008;22(3):534-543

[102] Bradley BA, Wilcove DS,
Oppenheimer M. Climate change

17

increases risk of plant invasion in
the eastern United States. Biological
Invasions. 2010;12(6):1855-1872

[103] Shrestha UB, Shrestha BB. Climate
change amplifies plant invasion hotspots
in Nepal. Diversity and Distribution.
2019;25(10):1599-1612

[104] LiuY, Oduor AM, Zhang Z,

Manea A, Tooth IM, Leishman MR, et al.
Do invasive alien plants benefit more
from global environmental change than
native plants? Global Change Biology.
2017;23(8):3363-3370

[105] Walther GR. Weakening of climatic
constraints with global warming and

its consequences for evergreen broad-
leaved species. Folia Geobotanica.
2002;37:129-139

[106] Lu X, Siemann E, Shao X,

Wei H, Ding J. Climate warming affects
biological invasions by shifting
interactions of plants and

herbivores. Global Change Biology.
2023;19(8):2339-2347

[107] Demertzis K, Iliadis L. The impact
of climate change on biodiversity:

The ecological consequences of

invasive species in Greece. In: Leal

Filho W, Manolas E, Azul A, Azeiteiro U,
McGhie H, editors. Handbook of Climate
Change Communication: Vol. 1. Climate
Change Management. Cham: Springer;
2018. DOI: 10.1007/978-3-319-69838-0_2

[108] Kurz WA, Dymond CC, Stinson G,
Rampley GJ, Neilson ET, Carroll AL,

et al. Mountain pine beetle and forest
carbon feedback to climate change.
Nature. 2008;452(7910):987-990

[109] Roy A, Bhattacharya S,
Ramprakash M, Kumar AS. Modelling
critical patches of connectivity for
invasive Maling bamboo (Yushania
maling) in Darjeeling Himalayas using



Sustainable Forest Management — Surpassing Climate Change and Land Degradation

graph theoretic approach. Ecological
Modelling. 2016;329:77-85

[110] Srivastava V, Griess VC, Padalia H.
Mapping invasion potential using
ensemble modelling. A case study

on Yushania maling in the Darjeeling
Himalayas. Ecological Modelling.
2018;385:35-44

[111] Chi-Son C, Renvoize SA. A

revision of the species described

under Arundinaria (Gramineae) in
Southeast Asia and Africa. Kew Bulletin.
1989;44(2):349-367

[112] Stapleton CMA. The morphology of
woody bamboos. In: Chapman GP, editor.
The Bamboo. London, UK: Academic
Press; 1997. pp. 251-268

[113] Gaira KS, Pandey A, Sinha S,
Badola HK, Lepcha J, Dhyani PP, et al.
Maling bamboo (Yushania maling)
overdominance alters Forest structure
and composition in Khangchendzonga
landscape, Eastern Himalaya. Scientific
Reports. 2022;12:4468

[114] Alexander JM, Lembrechts JJ,
Cavieres LA, Daehler C, Haider S,
Kueffer C, et al. Plant invasion into
mountains and alpine ecosystems:
Current status and future challenges.
Alpine Botany. 2016;126:89-103

[115] Priyanka N, Joshi PK. Effects of
climate change on invasion potential
distribution of Lantana camara. Journal
of Earth Science and Climate Change.
2013;4(6):164

[116] Dhar PA, Reshi ZA. Do alien plant
invasions cause biotic homogenization
of terrestrial ecosystems in the Kashmir
Valley, India? Tropical Ecology.
2015;56(1):111-123

[117] Murphy ST, Subedi N, Jnawali SR,
Lamichane BR. Invasive Mikania in

18

Chitwan National Park, Nepal: The
threat to the greater one-horned
Rhinoceros (Rhinoceros unicornis) and
factors driving the invasion. Oryx.
2013;47(3):361-368

[118] Aryal A, Acharya KP,

Shrestha UB, Dhakal M,
Raubenhiemer D, Wright W. Global
lessons from successful Rhinoceros
conservation in Nepal. Conservation
Biology. 2017;31(6):1494-1497

[119] Pysek P, Jarosik V, Hulme PE, Pergl ],
Hejda M, Schaffner U, et al. A global
assessment of invasive plant impacts

on resident species, communities and
ecosystems: The interaction of impact
measures, invading species’ traits and
environment. Global Change Biology.
2012;18(5):1725-1737

[120] Grice AC. The impacts of invasive
plant species on the biodiversity of
Australian rangelands. The Rangeland
Journal. 2006;28(1):27-35

[121] Zhu B, Ottaviani CC, NaddafiR,
Dai ZC, Du DL. Invasive European
frogbit (Hydrocharis morsus-ranae L.)
in North America: An updated review
2003-2016. Journal of Plant Ecology.
2018;11(1):17-25

[122] Xie W, Zhong C, Li X, Guo Z, Shi S.
Hybridization with natives augments
the threats of introduced species in

Sonneratia mangroves. Aquatic Botany.
2020;160:103166

[123] Li R, Xu M, Wong MHG, Qiu§,

Li X, Ehrenfeld DL, et al. Climate change
threatens Giant panda protection in the
21st century. Biological Conservation.
2015;182:93-101

[124] Opdam P. Metapopulation theory
and habitat fragmentation: A review
of holarctic breeding bird studies.
Landscape Ecology. 1991;5:93-106



Climate Change and Its Impact on Mountainous Plant Species: A Review

DOI: http://dx.doi.org/10.5772/intechopen.1004445

[125] Ellstrand NC, Elam DR. Population
genetic consequences of small
populationsize: Implications for plant
conservation. Annual Review of Ecology
and Systematics. 1993;24:217-242

[126] Young A, Boyle T, Brown T. The
population genetic consequences
of habitat fragmentation for plants.

Trends in Ecology and Evolution.
1996;11:413-418

[127] Mantyka-pringle CS, Martin TG,
Rhodes JR. Interactions between climate
and habitat loss effects on biodiversity:
A systematic review and meta-

analysis. Global Biology Change.
2011;18(4):1239-1252

[128] Fahrig L. Relative effects of habitat
loss and fragmentation on population
extinction. The Journal of Wildlife
Management. 1997;61(3):603-610

[129] Bender DJ, Contreras TA, Fahrig L.
Habitat loss and population decline: A
meta-analysis of the patch size effect.
Ecology. 1998;79(2):517-533

[130] Fahrig L. How much habitat is
enough? Biological Conservation.
2001;100(1):65-74

[131] Shivanna KR. Climate change
and its impact on biodiversity and

human welfare. Proceedings of the
Indian National Science Academy.

2022;88(2):160-171

[132] Botkin DB, Saxe H, Araujo MB,
Betts R, Bradshaw RHW, Cedhagen T,
et al. Forecasting the effects of global
warming on biodiversity. Bioscience.
2007;57(3):227-236

[133] Gilman SE, Urban MC, Tewksbury J,
Gilchrist GW, Holt RD. A framework for
community interactions under climate
change. Trends in Ecology and Evolution.
2010;25(6):325-331

19

[134] Walther GR. Community and
ecosystem responses to recent climate
change. Philosophical Transactions of
the Royal Society B-Biological Sciences.
2010;365:2019-2024

[135] Kiers ET, Palmer TM, Ives AR,
Bruno JF, Bronstein JL. Mutualisms
in a changing world: An evolutionary
perspective. Ecology Letters.
2010;13(1459):2019-2024

[136] Rafferty NE, Ives AR. Effects
of experimental shifts in flowering
phenology on plant - Pollinator
interactions. Ecology Letters.
2010;14(1):69-74

[137] Koh LP, Dunn RR, Sodhi NS,
Colwell RK, Proctor HC,

Smith VS. Species coextinctions and
the biodiversity crisis. Science.
2004;305(5690):1632-1634

[138] Guisan A, Zimmermann NE.
Predictive habitat distribution models
in ecology. Ecological Modelling.
2000;135:147-186

[139] Bellard C, Bertelsmeier C,

Leadley P, Thuiller W, Courchamp F.
Impacts of climate change on the future
of biodiversity. Ecology Letters.
2012;15(4):365-377

[140] Sala OE, Chapin FS, Armesto J],
Berlow E, Bloomfield J, Dirzo R, et al.
Biodiversity — Global biodiversity
scenarios for the year 2100. Science.
2000;287(5459):1770-1774

[141] Warren MS, Hill JK, Thomas JA,
Asher ], Fox R, Huntley B, et al. Rapid
responses of British butterflies to
opposing forces of climate and habitat
change. Nature. 2001;414(6859):65-69

[142] Franco AMA, Hill JK, Kitschke C,
Collingham YC, Roy DB, Fox R, etal.
Impacts of climate warming and habitat



Sustainable Forest Management — Surpassing Climate Change and Land Degradation

loss on extinctions at species’ low-
latitude range boundaries. Global Change
Biology. 2006;12(8):1545-1553

[143] Jetz W, Wilcove DS, Dobson AP.
Projected impacts of climate and land-
use change on the global diversity of
birds. Plos Biology. 2007;5(6):e157

[144] Lemoine N, Bauer HG,

Peintinger M, Bohning-Gaese K. Effects
of climate and land-use change on
species abundance in a central European
bird community. Conservation Biology.
2007;21(2):495-503

[145] Fawzy S, Osman Al, Doran J,
Rooney DW. Strategies for mitigation of
climate change: A review. Environmental
Chemistry Letters. 2020;18(5):2069-2094

[146] Mathy S, Menanteau P, Criqui P.
After the Paris agreement: Measuring
the global decarbonization Wedges from
National energy scenarios. Ecological
Economics. 2018;150:273-289

[147] Hache EN, Nathalie AT, Criqui P,
Lavergne JG, Chevallet L, Gentier S,
etal. Decarbonization Wedges. French
National Alliance for Energy Research
Coordination (ANCRE); 2015.

DOI: 10.13140/RG.2.1.3040.1360

[148] Ricke KL, Millar RJ, MacMartin DG.
Constraints on global temperature

target overshoot. Scientific Reports.
2017;7(1):14743

[149] Intergovernmental Panel on Climate
Change (IPCC). Global warming of
1.5°C. In: Masson-Delmotte V, Zhai P,
Portner H-O, Roberts D, SkeaJ, et al.,
editors. An IPCC Special Report on

the Impacts of Global Warming of

1.5°C above Pre-Industrial Levels

and Related Global Greenhouse Gas
Emission Pathways, in the Context of
Strengthening the Global Response to the
Threat of Climate Change, Sustainable

20

Development, and Efforts to Eradicate
Poverty. Switzerland: IPCC; 2018

[150] Gasser T, Guivarch C, Tachiiri K,
Jones CD, Ciais P. Negative emissions
physically needed to keep global warming
below 2°C. Nature Communications.
2015;6:7958

[151] Lawrence MG, Schifer S, Muri H,
Scott 'V, Oschlies A, Vaughan NE, et al.
Evaluating climate geoengineering
proposals in the context of the Paris
agreement temperature goals. Nature
Communications. 2018;9:3734

[152] Lockley A, Mi Z, Coffman D.
Geoengineering and the block chain:
Coordinating carbon dioxide removal
and solar radiation management to
tackle future emissions. Frontiers of
Engineering Management. 2019;6:38-51



