
Vol:.(1234567890)

Proceedings of the Indian National Science Academy (2021) 87:234–259
https://doi.org/10.1007/s43538-021-00034-5

1 3

                    REVIEW ARTICLE 

 Climate change and plant biodiversity in Himalaya, India 

                                                       Ram   R.     Yadav   1   ·  Pyar   S.     Negi   1   ·  Jayendra     Singh   1  

 Received: 6 July 2019 / Accepted: 3 June 2021   / Published online: 28 June 2021
©   Indian National Science Academy      2021  

                     Abstract 
 The Himalaya, the geodynamically active youngest mountain system of the Earth, due to high environmental variability 

supports rich biodiversity, which makes the fundamental basis for ecosystem services that constitute the basic life support 

for human being. Most of the life support commodities, such as food, shelter, water, quality air and medicine directly or 

indirectly depend on plant diversity. However, due to climate change and growing anthropogenic pressure ecosystem struc-

ture and function is greatly aff ected posing threat to the availability of biotic resources on sustained basis. Ground and space 

based observations show that the biozones across the Himalaya have experienced changes in vegetation in recent decades. 

Many of the high-elevation temperature sensitive plant species are known to be shifting to higher elevations in the Himalayan 

region, though the rate of shift being highly species and site idiosyncratic. Increasing magnitude of ecosystem fragmenta-

tion associated with the developmental activities coupled with projected warming in the twenty-fi rst century could pose a 

serious threat to biodiversity that include many of the endemic plant species, progenitors of cultivated and economic plants. 

The change in climatic conditions also accelerates the invasion of alien species having competitive edge over the indigenous 

ones. Commendable steps have been recently taken for in-situ conservation of species through the establishment of protected 

areas across the elevations in the Himalayan region. However, species specifi c ecological studies and long-term ecological 

monitoring essentially required to understand relative sensitivity of species to environmental changes in the Himalayan region 

are still lacking. Such empirical studies in long-term perspective are required to adopt appropriate biodiversity management 

plans for the Himalayan region. For this it is required to ascertain chronology of species dynamics in relation to environmental 

changes using precisely dated growth rings of plant species. This should provide appropriate clue to the absolute chronology 

of species dynamics in response to environmental changes. 
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      Introduction 

 Biodiversity, which refers to the variety of life on the 

Earth including variety of genes, species and functional 

traits in an ecosystem, is the fundamental basis for eco-

system services and constitutes the life support for human 

being. Many of the commodities essentially required for 

livelihood viz., food, fresh air, fi ber, wood, and medicines 

are supported by biodiversity. It has also signifi cant con-

trol on precipitation, and ground water quality as well as 

soil health, and vice versa. The ecosystem productivity has 

been linked with biodiversity as diff erences in functional 

traits of organisms enhance total resource capture, hence 

to optimize the ecosystem productivity rich biodiversity 

is essentially required to be maintained (Cardinale et al. 

 2012 ; Duff y et al.  2017 ). Studies have revealed that the 

ecosystems with multiple species, on average, are around 

50% more effi  cient and productive than mono-species sys-

tems, and therefore are better at delivering many essential 

goods and services (Hooper et al.  2005 ; Cardinale et al. 

 2012 ). Biodiversity is of immense value to human health 

by providing valuable medicines, and globally ~ 85% of 

the traditional medicines used for primary health care are 
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derived from plants (Farnsworth  1988 ). In view of this it 

could be emphasized that the biodiversity has important 

role in sustaining the productivity of the Earth’s ecosys-

tems and any loss to this shall forestall development (Kim 

and Weaver  1994 ). With the growing realization of the val-

ues of biodiversity, it is now considered as an ecosystem 

service in itself (Mace et al.  2012 ). However, in contrary 

to such a life support value of biodiversity, there are some 

instances where increased biodiversity could also have del-

eterious impact on human society, especially when diverse 

pathogen populations are likely to cause higher risks of 

infectious diseases posing health and economic risks to 

people (Taylor et al.  2001 ). 

 The biodiversity over any region is controlled by a 

number of factors amongst which climate plays a critical 

role. Geological records have revealed that both short- and 

long-term climate changes exert signifi cant impact on bio-

diversity. The climate of the Earth system is known to have 

changed throughout the geological past at diff erent time-

scales from annual-to-millennia. The changes in climate 

could be in the form of changes in temperature, precipita-

tion, and intensity and frequency of extreme events as well. 

Climate change could impose demographic opportunities/

threats at the population level, but changes across the locali-

ties could aff ect species ranges (Garcia et al.  2014 ). The Mil-

lennium Ecosystem Assessment (MEA) identifi ed climate 

change as one of the major drivers having adverse eff ects on 

biodiversity and associated goods and services (MEA  2005 ). 

Additionally, the climate also has overwhelming impact on 

various geomorphological processes viz., landslides, snow 

avalanches, land use land cover changes (LUCC), which 

have direct impact on biodiversity. However, the threats to 

biodiversity grow many folds when multiple metrics in com-

bination with climate change interact. In current scenario 

human dimensions are important contributor in modulat-

ing the climate change impact on species biodiversity. With 

the growing population, human induced stressors such as 

habitat fragmentation and greenhouse warming, in addition 

to natural changes, have signifi cant control on biodiversity. 

 Due to predominant topographic inclinations, the eco-

system in the Himalayan region is highly prone to climate 

and climate-linked stressors. Understanding the response 

of vegetation to climate change in the Himalayan region is 

essentially needed for biodiversity management, an integral 

component for societal development on sustained basis. In 

order to fulfi l India’s vision of sustainable development in 

context of climate change a national action plan on climate 

change was launched in June 2008 (  http:// www. moef. nic. in/ 

sites/ defau lt/ fi les/ Pg01- 52_2. pdf    ). This National Action Plan 

envisages specifi c objectives including a “National Mission 

for Sustaining the Himalayan Ecosystem” to evolve manage-

ment measures for sustenance and safeguarding the Himala-

yan glaciers and mountain ecosystems. 

 The Himalayan mountain region, stretching in an arc 

over ~ 3000  km of northern Pakistan, Nepal, Bhutan, 

northern Myanmar, southeast Tibet, and the northwest-

ern and northeastern states of India over around 27–38°N 

latitude has highly dissected orography with peaks higher 

than 8000  m including the world’s highest mountain, 

Sagarmatha (Mt. Everest) as well as several of the world’s 

deepest river gorges. India in general and Himalaya in 

particular is endowed with a great variety of terrain and 

climate, which are largely responsible for very rich biodi-

versity. The Indian part of the Himalaya, spread over the 

states of Jammu and Kashmir, Himachal Pradesh, Uttara-

khand, Sikkim, Arunachal Pradesh, Nagaland, Manipur, 

Mizoram, Tripura, Meghalaya, upper part of Assam and 

Darjeeling District of West Bengal, covers around 16.2% 

of the geographical area of the country. The great varia-

tions in orography forced climatic conditions in the Hima-

laya result in diverse ecosystems ranging from subtropical 

broadleaf forests along the foothills to temperate broadleaf 

forests in the mid hills, mixed and pure conifer forests in 

the higher hills, and alpine meadows above the tree line. 

The Himalaya during the course of its uplift and evolution 

since the early Cenozoic era, when it collided with the 

Asian plate (Valdiya  2002 ), received biota from the neigh-

bouring regions. Of the 825 eco-regions in the world, 13 

are represented in the Himalaya showing immense biologi-

cal diversity (Olson and Dinerstein  2002 ). The Himalaya 

is one of the 34 global terrestrial biodiversity hotspots 

including northeast India having ~ 4000 endemic plant 

species (Singh and Kushwaha  2008 ). The biodiversity of 

many of the areas in the Himalayan region is not well 

explored (Samant  1998 ). The United Nations is currently 

supporting a project which aims at integrating long-term 

observational fi eld plots into the existing national Forest 

Inventory in India (Tewari et al.  2017 ). The Himalayan 

Forest Research Institute, Shimla has taken steps in estab-

lishing permanent observational studies in high altitude 

regions above 3500 m in Satluj, Ravi and Beas river catch-

ments with the objective to monitor long-term eff ects of 

climate change on vegetation communities. 

 Here, we appraise a diverse set of studies address-

ing biodiversity changes and its potential drivers with a 

brief palaeoperspective since the formation of the Hima-

laya since the middle Miocene (~ 23 Million years (Ma). 

First we briefl y discuss climate change based on weather 

records in the Indian Himalaya region (IHR) followed 

by the factors aff ecting plant diversity, viz., range shifts, 

disasters aff ecting the land scape and plant cover (human 

induced land scape changes, landslide, snow avalanches 

and fi re disasters). Finally in conclusion part we also iden-

tify the focus areas needing more attention under ongoing 

environmental changes. 
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    Palaeo-perspective of biodiversity changes 
in Himalaya 

 Fossil records show that there have been changes in bio-

diversity in the Himalayan region due to climate change 

as well as the establishment of new land connections with 

Eurasia and Southeast Asia. The outermost Siwalik ranges 

were occupied by tropical evergreen forest elements during 

the middle Miocene (~ 23 Million years (Ma)) with members 

of Dipterocarpaceae being an important constituent of the 

forests (Prasad  1993 ). The distribution of Dipterocarpaceae 

in Indian subcontinent today is restricted to the evergreen 

forests of Assam, Western Ghats, Andamans, Bangladesh, 

Myanmar and Malaya (Desch  1957 ; Prasad  1993 ). It is 

noteworthy to mention that at present mixed deciduous for-

ests grow over Siwalik ranges, indicating that fl oral diver-

sity changed tremendously since the middle Miocene with 

change in climate as well as land bridges (Prasad  1993 , 

 2008 ; Prasad and Pandey  2008 ; Khan et al.  2011 ). 

 Most dominant impact of climate change on vegetation 

in the Himalaya is evidenced by the complete disappear-

ance of  Buxus, Litsea, Machilus, Mallotus,  and  Quercus  
etc., from the Kashmir valley after the Pleistocene (2.6 Ma) 

glaciation (Puri  1945a ,  b ). The oaks, which must have been 

a dominant constituent in the fl ora of the Kashmir Valley 

during the Pleistocene, are unrepresented in modern veg-

etation of the valley. Three of the fossils of  Quercus  species 

namely  Q. semecarpifolia ,  Q. dilatata  and  Q. incana  are 

at present very common in the outer ranges of the western 

temperate Himalayas often forming pure forests or mixed 

with conifers, or broad-leaved trees. The conifers invaded 

the Himalayan region with the advent of Pleistocene glacia-

tion. Studies have further revealed that during the glacial 

period when aridity was high in the Himalayan region C4 

plants were more dominant and with increasing humid-

ity towards the mid-Holocene C3 plants became common 

(Galy et al.  2008 ). Extreme climatic events in the past are 

known to have signifi cant impact on rapid turnover in fl o-

ral composition. The extreme cool event “Younger Dryas” 

dated between ca. 12.9–11.6 ka is viewed as a canonical 

abrupt cold event (Alley et al.  2003 ). The major cooling in 

the northwest Himalaya, contemporaneous with the Younger 

Dryas occurred between 12,880–11,640 cal. yrs BP when 

meadows transformed into cold steppe vegetation (Pauli 

et al.  2012 ; Rawat et al.  2016 ). 

    Climate change in Himalaya—weather 
records 

 Weather records show that global temperature has 

increased at the rate of 0.6 °C per century since the obser-

vations began in the mid-nineteenth century. The warm-

ing is unequivocal and each of the last three decades has 

been successively warmer at the Earth’s surface than any 

preceding decade since 1850 (IPCC  2013 ). The National 

Space and Aeronautics Agency, USA reported that in a 

continuing long-term warming trend the 2017 (0.90 °C 

warmer than the 1951 to 1980 mean) was the second 

warmest on record globally after the 2016 (  http:// www. 

thehi ndubu sines sline. com/ news/ scien ce/ 2017- may- be- sec-

ond- warme st- year- on- record- nasa/ artic le100 46297. ece    ) 

and the fi ve warmest years on record have occurred since 

2010. The mountain regions are highly sensitive to climate 

change and growing evidences show that the rate of warm-

ing is amplifi ed with elevation (Diaz et al.  2003 ), such that 

the high-mountain environments experience more rapid 

changes in temperature than the environments at lower 

elevations (Pepin et al.  2015 ). The Himalayan region is 

warming at 3-times higher rate than the global average 

(Xu et al.  2009 ). The warming in the Himalayan region 

in reference to the 1982–2006 is reported to be ~ 0.06 °C/

year, (Shrestha et al.  2012 ), much higher than the global 

average of 0.85 °C warming during 1880–2012 (equivalent 

to 0.006 °C/year) (IPCC  2013 ). The northwest Himalayan 

region warmed by 1.6 °C in the twentieth century with 

winters warming even at higher rate as compared to the 

other seasons (Bhutiyani et al.  2007 ). Distinct seasonal 

diff erences in warming have also been reported in tem-

perature trends in diff erent parts of the Himalaya. The 

winter mean and maximum temperatures show signifi cant 

increases whereas mean and minimum summer tempera-

tures show consistent decline in the Karakoram and Hindu 

Kush Himalayan (HKH) mountains of the upper Indus 

basin (Fowler and Archer  2006 ; Kulkarni et al.  2013 ). 

The increase in mean annual temperature in the western 

Himalaya is more apparent since 1940s (Pant and Bor-

gaonkar  1984 ) and warming rate being the highest during 

1991–2002 (Bhutiyani et al.  2007 ). The rate of warming 

has been noted to be altitude sensitive, i.e., higher eleva-

tions showing higher rate of warming than the lower ones 

(Bhutiyani et al.  2007 ). The weather records from Nepal 

have also indicated that the warming is occurring at much 

higher rate in high-altitude regions (Shrestha et al.  1999 ). 

The climate projections show that the mean temperature 

may increase from 0.5 to 5 °C in the Himalayan region in 

the twenty-fi rst century with the maximum warming in 

the western Himalaya (Kulkarni et al.  2013 ). Multimodel 

simulations show greatest increase in temperature for both 
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the eastern and western Himalayan regions to occur in 

monsoon months (July–September) in the A2 scenario of 

high-range emissions (Panday et al.  2015 ). 

 Precipitation in the Himalayan region occurs largely due 

to southwest monsoon in summer months (June–Septem-

ber) and western disturbances from October-May. The sum-

mer monsoon shows decreasing trend from south to north 

whereas westerlies infl uence decreases from west to east 

along the Himalaya. Annual precipitation over the Hima-

layan region has not shown any distinct trends related to 

climate change (Shrestha et al.  2000 ; Archer and Fowler 

 2004 ; Bhutiyani et al.  2010 ). Using weather data from the 

western Himalaya Bhutiyani et al. ( 2010 ) showed a sta-

tistically signifi cant downward trend (at 95% signifi cance 

level) in summer monsoon rainfall and annual rainfall in 

the northwestern Indian Himalaya during 1866–2006. The 

trend analysis in winter precipitation (1866–2006) revealed 

increasing but statistically insignifi cant trend in the western 

Himalaya (Bhutiyani et al.  2010 ). However, contrary to the 

observational records, the climate projections show continu-

ous increase in precipitation in the twenty-fi rst century over 

the Himalayan region (Kulkarni et al.  2013 ). Multimodel 

simulations also indicate intensifi cation of monsoon with 

more frequent heavy rainfall events in the eastern Hima-

laya whereas projected changes in precipitation indices and 

annual cycle of precipitation indicate a wetter cold season in 

the western Himalayan region (Panday et al.  2015 ). 

    Biodiversity changes in Himalaya 

 The Himalayan region in India harbors rich biodiversity 

with ~ 8000 species of fl owering plants in the eastern Hima-

laya and ~ 5000 species of fl owering plants in the western 

Himalaya (Rao  1994 ). There are over 816 tree species, 675 

edibles and 1748 species of medicinal use (Samant  1998 ). 

However, due to increasing human pressure and climate 

change biodiversity of the ecologically sensitive Himalayan 

region is imperiled. Nearly 214 species of fl owering plants 

in the Himalayan region, are reported endangered (Table  1 ) 

(Khoshoo  1992 ; Anonymous  2016 ). These endangered spe-

cies require in situ as well as ex situ conservation to maintain 

natural biodiversity and its perpetual benefi ts to mankind. 

Out of the 214 endangered species listed in Table  1 , nearly 

37 need priority conservation as most of them are of high 

medicinal value. Besides catering the basic human needs 

plant biodiversity also serves as a repository for genetic 

resources in the form of progenitors. The progenitors are 

wild relatives of cultivated and economic plants and are 

the only source of natural gene pool. These progenitors 

are important for futuristic viability of agricultural and 

economic plants in case if the cultivated varieties become 

extinct due to some unforeseen disease, climate change or 

any other reason. Some of the important Himalayan progeni-

tors are listed in Table  2  (Khoshoo  1992 ; Singh  2017 ).   

 In recent times there are several factors driving the biodi-

versity change and none of the single factor could be taken 

as the sole cause of it. The biotic and abiotic factors inter-

acting together have compounding impact on the vegeta-

tion and biodiversity. We describe herewith the important 

indicators of biodiversity changes in the Indian Himalayan 

region (IHR). 

   Range shift of plants 

 The vegetation over any site is in equilibrium with climate 

operating over long span of time. Any change in climate 

aff ects the regeneration and colonization pattern of plants 

resulting in selective shift of the ecological range of spe-

cies aff ecting local and regional biodiversity (Bell  2001 ; 

Camarero and Gutiérrez  2004 ; Hoff mann  2012 ; Burrows 

et al.  2014 ). The growth of upper tree line plant species is 

largely controlled by low air and soil temperature during the 

growing season (Körner  2012 ; Paulsen and Körner  2014 ). 

The shifts in the position of climatic conditions aff ect the 

ability with which species track climatic conditions (Smith 

et al.  2009 ). Climate change could lead to changes in species 

assemblages with the arrival of new species such as invasive 

ones (Diez et al.  2012 ) and even pathogens. The eff ect of 

climate change on species is also dependent on its intrinsic 

abilities to cope with or adapt to diff erent challenges it faces 

(Chevin et al.  2010 ). Therefore, understanding the multiple 

dimensions of climate change and their likely consequences 

on individual species is important fi rst step toward a better 

estimation of potential threats and opportunities for biodi-

versity (Garcia et al.  2014 ). 

 The ecotonal vegetation dynamics could be medi-

ated through an increased regeneration/recruitment and/

or higher growth of plants (Hofgaard et al.  2009 ; Woodall 

et al.  2009 ). Empirical studies on tree line vegetation have 

revealed that the location of ecotones in high-altitude and 

latitude regions generally coincides with the 10 °C isotherm 

of air temperature of the warmest month (Grace et al.  2002 ; 

Holtmeier  2009 ). Hence, any increase in warm season tem-

perature above the threshold could be a major driver of tree 

line dynamics. However, many a times it is found that the 

growing season temperature alone is not the sole driver of 

tree line dynamics at local to regional scales (Hofgaard et al. 

 2013 ) and there could be a multitude of interacting factors 

playing a dominant role (Malanson  2001 ). Other than the 

growing season climate, tree recruitment and enhanced 

growth across the tree line ecotones also have been dem-

onstrated to be controlled by non-growing season climate 

variables as well (Harsch and Bader  2011 ; Mathisen and 

Hofgaard  2011 ). Non-climatic factors such as biotic interac-

tions (competition and herbivory) also greatly aff ect tree line 
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  Table 1       List of endangered plant species in the Himalaya (Anonymous  2016 ; Khoshoo  1992 )  

   Acer caesium  Wall. ex Brandis (Sapindaceae)     A. hookeri  Miq. ver.majus (Sapindaceae)  

   A. oblongum  Wall. ex DC. (Sapindaceae)     A. oblongum  Wall. ex DC. (Sapindaceae)  

   A. osmastonii  Gamble (Sapindaceae)     A. sikkimense  Miq. (Sapindaceae)  

   Aconitum deinorrhizum  Stapf. (Ranunculaceae)     A.fakonri  Stapf (Ranunculaceae)  

   A. ferox  A. ferox, (Ranunculaceae)     Acranthera tomentosa  R.Br. ex Hook.f (Rubiaceae)  

   Acranthera pseudotenera  Mukh. (Rubiaceae)     Adiantum soboliferum  Wall. ex Hook. (Adiantaceae)  

   Adinandra griffi  thii  Dyer (Pentaphylacaceae)     Albertisia mecistophylla  (Miers) Forman | (Menispermaceae)  

   Allium stracheyi  Baker (Amaryllidaceae)     Alniphyllum forturei  Perkins (Styracaceae)  

   Aneilema glanduliferum  J.Joseph & R.S.Rao (Commelinaceae)     Angelica nubigena  (C.B. Clarke) Mukh (Apiaceae)  

   Anoectochilus tetrapterus  Hook.f. (Orchidaceae)     Aphyllorchis gollani  Duthie (Orchidaceae)  

   A. parvifl ora  King. & Pantl (Orchidaceae)     Archineottia microglottis  (Duthie) Schltr. (Orchidaceae)  

   Arenaria curvifolia  Majumdar (Caryophyllaceae)     A. ferruginea  Duthie ex F. Williams (Caryophyllaceae)  

   A.thangoensis  W.W.Sm. (Caryophyllaceae)     Argostemma khasianum  C.B. Clarke. (Rubiaceae)  

   Apidopteris oxyphylla  Cham. (Oecophoridae)     Athyrium atratum  Bedd (Athyriaceae)  

   A. duthei  Duthei (Athyriaceae)     Begonia aborensis  Dunn. (Begoniaceae)  

   B. breviculis  A.DC. (Begoniaceae)     B. burkillii  Dunn (Begoniaceae)  

   B. lushaiensis  C.E.C.Fisch. (Begoniaceae)     B. rubella  Buch.-Ham. ex D.Don (Begoniaceae)  

   B. rubrovenia  De Wild. (Begoniaceae)     B. satrapis  C.B. Clarke (Begoniaceae)  

   B. scintillans  Dunn (Begoniaceae)     B. scutata  Tebbitt (Begoniaceae)  

   B. tessaricarpa  C.B. Clarke (Begoniaceae)     B. watti  C.B. Clarke (Begoniaceae)  

   B. wengeri  C.E.C.Fisch. (Begoniaceae)     Berberis affi  nis  G.Don (Berberidaceae  

   B. apiculata  (Ahrendt) H.B.Naithani & S.N.Biswas (Berberidaceae)     B. huegeliana  Schneid. (Berberidaceae)  

   B. lambertii  R.Parker (Berberidaceae)     B. osmastonii  Dunn. (Berberidaceae)  

   Bulleyia yunnanensis  Schltr. (Orchidaceae)     Calamus inermis  T.Anderson (Arecaceae)  

   Calanthe alpine  J. D. Hooker ex Lindley (Orchidaceae)     C. anthropophora  Ridl. (Orchidaceae)  

   C. mannii  Hook.f. (Orchidaceae)     C. pachystalix  Rchb. f. ex Hook. f. (Orchidaceae)  

   Campanula wattiana  B.K.Nayar & Babu (Campanulaceae)     Carex fuscifructus  C.B. Clarke (Cyperaceae)  

   C. kingiana  C.B. Clarke (Cyperaceae)     C. munnrio  C.B. Clarke (Cyperaceae)  

   C. repanda  C.B. Clarke (Cyperaceae)     Carum villosum  Haines (Apiaceae)  

   Catamixis baccharoides  Thomson (Pertyoideae)     Ceropegia angustifolia  Wight (Asclepiadaceae)  

   C. arnottiana  Wight (Asclepiadaceae)     C. hokeri  C.B.Clarke ex Hook.f. (Asclepiadaceae)  

   C. jainii  Ansari & B.G. Kulk. (Asclepiadaceae)     C. lucida  Wall. (Asclepiadaceae)  

   Chaerophyllum orientalis  (C.B.Clarke) P.K.Mukh. (Apiaceae,)     Chondrilla setulosa  C.B.Clarke ex Hook.f. (Asteraceae)  

   Christella clarkei  (Bedd.) Holttum (Thelypteridaceae)     C. kaumaunica  Holttum (Thelypteridaceae)  

   Christensena assamica  (Griff .) Ching. (Davalliaceae)     Christopteris tricuspis  (Hook.) Christ (Polypodiaceae)  

   Cissus spectabilis  Planch. (Vitaceae)     Clarkella nana  Hook.f. (Rubiaceae)  

   Clematis apiculata  Hook.f. & Thom. (Ranunculaceae)     Cleyera japonica  ver.grandifl ora (Wall. ex Choisy) Kobuski (Pentaphy-

lacaceae)  

   Codonopsis affi  nis  J. D. Hooker & Thomson (Campanulaceae)     Coelogyne rossiana  Rchb.f. (Orchidaceae)  

   C. truetleri  Hook. f. (Orchidaceae)     Coptis teeta  Wall.( Ranunculaceae)  

   Corybas purpureus  J.Joseph & Yogan (Orchidaceae)     Coryphopteris didymochlaenoides  (C.B.Clarke) Holttum (Thelypteri-

daceae)  

   Cotoneaster meeboldii  Wall. (Rosaceae)     Cotoneaster simonsii  Baker (Rosaceae)  

   C. noveoides  G.Klotz (Rosaceae)     Cyananthus integra  Wall. ex Benth. (Campanulaceae)  

   Cyclea debilifl ora  Miers (Menispermaceae)     C. watti  Watt. (Menispermaceae)  

   Cyclogramma squamaestipes  C. B. Cl (Thelypteridaceae)     Cymbidium eburneum  Lindl. (Orchidaceae)  

   C. hookerianum  Rchb.f. (Orchidaceae)     C. tigrinum  Parish ex Hook. f. (Orchidaceae)  

   Cypripedium cordigerum  D.Don (Orchidaceae)     C. elegans  Rchb.f. (Orchidaceae)  

   C. himalaicum  Rolfe. (Orchidaceae)     Delphinium uncinatum  Hook.f. & Thoms. (Ranunculaceae)  

   Dendroglossa minutula  Copel. ( Polypodiaceae)     Dendrobium aurantiacum  (Rchb. f.) T. Tang (Orchidaceae)  

   Dennstaedtia elwesii  (Baker) Beddome (Dennstaedtiaceae)     Deyeuxia simlensis  Bor. (Poaceae)  
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Table 1    (continued)

   Didiciea cunninghamii  King & Prain (Orchidaceae)     Dioscorea deltoidea  Wall. ex Griseb. (Dioscoreaceae)  

   Diplomeris hirsute  (Lindl.) Lindl. (Orchidaceae)     D. pulchella  D. Don (Orchidaceae)  

   Drynaria meeboldii  Rosenst (Polypodiaceae.)     Elaeagnus conferta  ssp. Dendroidea Schltdl. (Elaeagnaceae)  

   Elaeocarpus acuminatus  Wall. ex Mast (Elaeocarpaceae)     E. prunifolius  Wall. ex Müll. (Elaeocarpaceae)  

   Eremurus himalaicus  Baker (Asphodelaceae)     Eria occidentalis  Seidenf (Orchidaceae)  

   Erysimum thomsonii  Hook. f. (Brassicaceae)     Eulophia mackinnonii Duthie  (Orchidaceae)  

   Euonymus assamicus  Blakelock (Celastraceae)     Finbristylis stolonifera  C.B. Clarke (Cyperaceae)  

   Flickingeria hesperis  Seidenf. (Orchidaceae)     Gleditsia assamica  Bor (Fabaceae)  

   Hedyotis brunonis  Merr. (Rubiaceae)     H. scabra  Wall. ex Kurz. (Rubiaceae)  

   Hedysarum astragaloides  Benth. ex Baker (Fabaceae)     H. cachemirianum  Baker (Fabaceae)  

   H. microcalyx  Baker (Fabaceae)     Heliotropium calcareum  Stocks (Boraginaceae)  

   Heracleum jacquemontii  C.B.Clarke (Apiaceae)     Huodendron biaristatum  (W. W. Smith) Rehder (Styracaceae)  

   Indopolysolenia wallichii  (Hook.f.) Bennet (Rubiaceae)     Inula kalpani  C.B.Clarke (Asteraceae)  

   Ixonanthus khasiana  Hook.f (Ixonanthaceae)     Juncus sikkimensis  J. D. Hooker (Juncaceae)  

   Kalanchoe roseus  Cl. (Crassulaceae)     Lactuca benthamii  C.B.Clarke (Asteraceae)  

   L. cooperi  J. Anthony (Asteraceae)     L. fi licina  Duthie ex Stebbins. (Asteraceae)  

   L. undulata  Ledeb. (Asteraceae)     Lagerstroemia minuticarpa  Debb. ex P.C.Kanjilal (Lythraceae)  

   Lastreopsis wattii  (Beddome) Tagawa (Dryopteridaceae)     Lilium macklineae  Shiroi (Liliaceae)  

   Lindsaea himalaica  K.U.Kramer (Lindsaeaceae)     Livistona jankinsiana  Griff  (Arecaceae)  

   Lloydia himalensis  Royle (Liliaceae)     Mecodium levingei  (C.B. Clarke) Copel. (Hymenophyllaceae)  

   Meconopsis latifolia  Prain. (Papaveraceae.)     Mesua manii  (King) Kosterm (Calophyllaceae)  

   Metahelypteris decipens  (Clarke) Ching (Thelypteridaceae)     Michelia punduana  Hook.f. & Thomson. (Magnoliaceae)  

   Microschoenus duthiei  C.B.Clarke (Juncaceae)     Mitrastemon yamamotoi  Makino (Mitrastemonaceae)  

   Nardostachys jatamansi  (D.Don) DC. (Valerianaceae)     Neanotis oxyphylla  (Wall. ex G.Don) W.H.Lewis (Rubiaceae)  

   Neottia inayattii  (Duthie) Schltr. (Orchidaceae)     Nomocharis synaptica  Sealy (Liliaceae)  

   Ophiorrhiza gracilis  · Kurz. (Rubiaceae)     O. griffi  thii  Hook. f. (Rubiaceae)  

   O. hispida Hook.f.  (Rubiaceae)     O. lurida  Hook.f. (Rubiaceae)  

   O. subecapitata  Wall. ex Hook.f. (Rubiaceae)     O. tingens  C.B.Clarke ex C.E.C.Fisch. (Rubiaceae)  

   O. wattii  C.E.C.Fisch. (Rubiaceae)     Oreopteris elwesii  (Baker) Holttum (Thelypteridaceae)  

   Panax pseudo-gineng  Wall.( Araliaceae)     Paphioedilum fairrieanum  (Lindley) Stein (Orchidaceae)  

   P. hirsutissimum  Lindl. ex Hook. f. (Orchidaceae)     P. insigne  (Lindley) Pfi tz (Orchidaceae)  

   P. spicerianum  (Masters & Moore) Pfi tzer. (Orchidaceae)     P. venustum  (Wall. ex Sims) Pfi tz. (Orchidaceae)  

   P.villosum  (Lindl.) Pfi tzer (Orchidaceae)     Pauia belladonna  Deb & R.M. Dutta (Solanaceae)  

   Phalaenopsis speciose  Rchb.f. (Orchidaceae)     Phoenix rupicola  T. Anders. (Arecaceae)  

   Pholidota wattii  King & Pantl. (Orchidaceae)     Picrorrhiza kurrooa  Royle ex Benth. (Plantaginaceae)  

   Pimpinella evoluta  (C.B.Clarke) M.Hiroe. (Apiaceae)     P. fl accida  C.B. Clarke (Apiaceae)  

   P. tongloensis  P.K.Mukh. (Apiaceae)     P. wallichii  C. B. Clarke (Apiaceae)  

   Pittosporum eriocarpum  Royal (agni) (Pittosporaceae)     Pleione lagenaria  Lindl. & Paxton (Orchidaceae)  

   Pollia pentasperma  C.B.Clarke (Commelinaceae)     Polypodioides wattii  (Bedd.) Ching. (Polypodiaceae)  

   Psychotria arborensis  Elmer (Rubiaceae)     Pternopetalum radiatum  (W.W. Sm.) P.K. Mukh. & Constance (Apiaceae)  

   P. senii  Deb & R.M.Dutta (Apiaceae)     Puccinellia kashmiriana  Bor (Poaceae)  

   Renanthera imsschotiana  Rolfe (Orchidaceae)     Rhopalocnemis phalloides  Jungh. (Balanophoraceae)  

   Rhynchosia velutina  Wight & Arn. (Fabaceae)     Rubia edgeworthii  Hook. f. (Rubiaceae)  

   R. himalayensis  Klotzsch (Rubiaceae)     Salacia beddomei  Gamble (Hippocrateaceae)  

   S. jenkinsii  Kurz (Hippocrateaceae)     Sapria himalayana  Griffi  th. (Raffl  esiaceae)  

   Saussurea bracteata  Decne. (Asteraceae)     S. clarkei  Hook. f. (Asteraceae)  

   S. costus  (Falc.) Lipschitz (Asteraceae)     Scleria alta  Boeck. (Cyperaceae)  

   Selaginella adunca  A.Braun ex Hieron (Selaginellaceae)     Senecio mishmi  C.B. Clarke (Asteraceae)  

   S. rhabdos  C.B. Clarke (Asteraceae)     Silene khasiana  Rohrb. (Caryophyllaceae)  

   S. kumaonensis  F. N. Williams (Caryophyllaceae)     S. kunawarensis  Benth (Caryophyllaceae)  

   S. vagans  C.B. Clarke (Caryophyllaceae)     Stenogramma himalaica  (King) K.Iwats (Phyllophoraceae)  
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dynamics (Cairns and Moen  2004 ; Bekker  2005 ; Hofgaard 

et al.  2010 ; Elliott  2011 ; Malanson et al.  2011 ). The rate of 

tree line dynamics is not uniform across diff erent ecological 

settings (Holtmeier and Broil  2007 ; Harsch et al.  2009 ) and 

advancing, stationary and retreating tree line ecotones have 

been reported to occur concomitantly across diff erent land-

scapes within the same region indicating that plant species 

response to climate change is not always simple (Schickhoff  

et al.  2015 ). Ground observations on colonization pattern of 

plant species over diff erent geographic regions have demon-

strated shifting of plant species to new habitats, which were 

rather inhabitable before (Grabherr et al.  1994 ; Klasner and 

Fagre  2002 ; Holtmeier and Broil  2005 ,  2007 ; Hofgaard et al. 

 2009 ; Kullman  2010 ; Liang et al.  2011 ; Kirdyanov et al. 

 2012 ; Mathisen et al.  2014 ; Shrestha et al.  2014 ; Yadava 

et al.  2017 ; Rumpf et al.  2018 ). 

 The vegetation over the Himalayan mountain system has 

shown altitudinal shifts in recent decades (Dubey et al.  2003 ; 

Schickhoff   2005 ; Panigrahy et al.  2010 ; Negi  2012 ; Rawat 

 2012 ; Shrestha et al.  2012 ; Singh et al.  2012 ; Telwala et al. 

 2013 ; Aryal et al.  2014 ; Gaire et al.  2014 ; Padma  2014 ; 

Schickhoff  et al.  2015 ; Yadava et al.  2017 ). The age analy-

ses of plants growing from 5500–6150 m asl in Ladakh, 

the western Himalaya have revealed vertical elevation shift 

of about 150 m of various plant species during 2003–2013 

(Dolezal et al.  2016 ). There is growing concern that the 

ongoing warming aff ecting the upper ecotonal vegetation 

dynamics could lead to signifi cant changes in biodiversity of 

the fragile Himalayan ecosystem. However, the studies con-

ducted so far in the Himalayan region, though patchy, show 

that plant species response to the recent climate change are 

inconsistent across diff erent ecological settings (Borgaonkar 

et al.  2011 ; Gaire et al.  2014 ; Schickhoff  et al.  2015 ; Yadava 

et al.  2017 ) warranting the need to investigate colonization 

pattern of species across diff erent ecological settings. For 

ecological monitoring permanent plots are required to be 

set up across the elevations in the Himalayan region. Focus 

is also required to understand range shifts and changes in 

species abundance in long-term perspective to understand 

relative sensitivity of species to environmental changes. 

 Himalayan pine, an important constituent of upper tree 

line in the western Himalaya, is a primary colonizer on dry, 

sandy soils and avoids very wet and badly drained grounds 

(Troup  1921 ; Raizada and Sahni  1960 ). It occurs gregari-

ously all along the Himalaya in temperate zone between 

1800 and 3000 m asl extending up to Bhutan in the east, 

though absent from Sikkim (Raizada and Sahni  1960 ). 

Himalayan pine occasionally extends up to 3900 m asl and 

above in the western Himalaya mixing with  Betula utilis  
and  Juniperus  (Troup  1921 ) in the temperate elevation zone. 

Studies on range shift of Himalayan pine in the monsoon 

and monsoon shadow regions in Himachal Pradesh and 

Uttrakhand over 12 high elevation sites revealed site spe-

cifi c variation in the rates of elevational shifts in the twen-

tieth century (Yadava et al.  2017 ). The fi ndings explicitly 

revealed that Himalayan pine tree line has shifted towards 

the upper elevation across diff erent sites, but at varying rate 

(11–54 m/10 yrs) largely due to site-specifi c microclimatic 

and biotic factors. Tree-ring-width chronologies of Himala-

yan pine prepared from two upper forest border sites, one 

each in monsoon and monsoon-shadow regions respectively 

have revealed that winter and early spring season mean tem-

perature has direct relationship with the radial growth of 

trees (Yadava et al.  2017 ). This indicates that the photo-

synthetic assimilates during winter and early spring seasons 

signifi cantly infl uence ensuing year’s tree growth. Sensitiv-

ity of Himalayan pine to climate change indicates that the 

projected climate change under the background infl uence 

of greenhouse warming could have serious implications on 

biodiversity of upper elevations in the western Himalaya. 

Studies have revealed that the high elevation pines per-

form photosynthesis even at very low temperature during 

warm autumn and winter seasons (Freeland  1944 ; Mirov 

 1967 ; Schulze et al.  1967 ; Tranquillini  1979 ; Kozlowski 

and Pallardy  1997 ). The photosynthetic assimilates of the 

winter months could add more carbohydrate for growth of 

trees in the ensuing growing season (Kozlowski and Pal-

lardy  1997 ). Earlier studies on growth ring analyses from 

other high-elevation sites in the western Himalaya also 

have indicated signifi cant positive relationship of winter 

and early spring season temperature with radial growth of 

some other conifers viz., Himalayan cedar ( Cedrus deodara ) 
and Himalayan spruce ( Picea smithiana ) (Borgaonkar et al. 

 2011 ) as well. Dendroclimatic studies on  Abies spectabilis  
in Manaslu Conservation Area in Nepal have also revealed 

direct relationship between winter temperature prior to the 

growing season and radial growth, and such a relationship is 

hypothesized to be the direct eff ect of earlier snow melt and 

increased snow melt water supply for growth due to warming 

(Gaire et al.  2014 ). Similarly, Bräuning ( 2004 ) also reported 

Table 1    (continued)

   Sterculia khasiana  Deb. (Sterculiaceae)     Synotis simonsii  C.B.Clarke (Asteraceae)  

   Trachyacarpus takil  Becc. (Arecaceae)     Trivalvaria kanjilalii  D.Das (Annonaceae)  

   Vanda coerulea  (Rolfe) Christenson (Aeridinae)     Wallichia triandra  (J.Joseph) S.K.Basu (Arecaceae)  

   Zeuxine pulchra  King & Pantl. (Orchidoideae)    
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  Table 2       Progenitors of economic plants in the Himalaya (Singh  2017 ; Khoshoo  1992 )  

  A. Northwest Himalaya    

  Cereals and millets    

    Aegilops tauschii  Coss. (Poaceae)      Avena barbata  Pott ex Link. (Poaceae)  

    A. fatua var. fatua  L. (Poaceae)      A. ludoviciana  Durieu (Poaceae)  

    Chionachne koenigii  (Spreng.) Thw. (Poaceae)      Digitaria sanguinalis  (L.) Scop. (Poaceae)  

    Elymus dahuricus  Turcz. ex. Grieseb. (Poaceae)    

    E. dasystachys  Trin. in Ledeb. (Poaceae)      E. nutans  Griseb. (Poaceae)  

    Eremopyrum buonapartis  (Spreng.) Nevski (Poaceae)      E. distans  (K.Koch) Nevski (Poaceae)  

    E. orientale  (Linn.) Jaub. & Spach (Poaceae)      Hordeum aegiceras  Nees ex Royle (Poaceae)  

    H. glaucum  Steud. (Poaceae)      H. leporinum  (Link) Arcang. (Poaceae)  

    H. spontaneum  L. (Poaceae)      H. turkestanicum  Nevski (Poaceae)  

    Leersia psilopodium  Trin. (Poaceae)      Setaria viridis  (L.) P.Beauv. (Poaceae)  

  Legumes    

    Atylosia scarabaeoides  (L.) Benth. (Fabaceae)      Cicer microphyllum  Benth. (Fabaceae)  

    Trigonella corniculata  (L.) L. (Fabaceae)      T. emodi  Benth. (Fabaceae)  

    T. polycerata  L. (Fabaceae)      Vigna radiata  ver. Sublobata (Roxb.) Verdc (Fabaceae)  

    V. trilobata  (L.)Verdc. (Fabaceae)      V. umbellate  (Thunb.) Ohwi. & H. (Fabaceae)  

  Fruits    

    Citrus aurantifolia  (Cristm.) Swingle (Rutacae)      C. aurantium  L. (Rutacae)  

    C. limon  (L.) Burm. f. (Rutacae)      Cordia myxa  L. (Boraginaceae)  

    Duchesnea indica  (Andrews) Teschem. (Rosaceae)      Elaeagnus angustifolia  L. (Elaeagnaceae)  

    Ficus palmate  Forsk. (Moraceae)      Grewia asiatica  L. (Tiliaceae)  

    Malus baccata  (L.) Borkh. (Rosaceae)      Morus australis  Poir. (Moraceae)  

    Prunus cerasioides  D. Don (Rosaceae)      P. napalensis  Ser. (Steud) (Rosaceae)  

    P. prostrata  Labill. (Rosaceae)      P. tomentosa  Thunb. (Rosaceae)  

    Punica granatum  L. (Lythraceae)      Pyrus communis  L. (Rosaceae)  

    P. kumaini  Decne. (Rosaceae)      P. Pashia  L. (Rosaceae)  

    Ribes graciale  Wall. (Grossulariaceae)      R. nigrum  L. (Grossulariaceae)  

    Rubus ellipticus  Sm. (Rosaceae)      R. fruticosus  L. (Rosaceae)  

    R. lanatus Focke  (Rosaceae)      R. lasiocarpus  Sm. (Rosaceae)  

    R. reticulatus  Wall. ex Hook. f. (Rosaceae)      Vitis parvifolia  Roxb.( Vitaceae)  

    Zizyphus vulgaris  Lamk (Rhamnaceae)    

  Vegetables    

    Cucumis hardwickii  Royle. (Cucurbitaceae)      Luff a echinata  var.   longistylis  Roxb. (Cucurbitaceae)  

    Malva rotundifolia  L. (Malvaceae)      M. sylvestris  L. (Malvaceae)  

    Momordica balsamina  L. (Cucurbitaceae)      Rumex dentatus  L. (Polygonaceae)  

    Solanum incanum  L. (Solanaceae)    

  Tuberous species    

    Coleus forskohlii  Briq. (Lamiaceae)      Dioscores alta  L. (Dioscoreaceae)  

    D. bulibfera  L. (Dioscoreaceae)    

  Oil seeds/fi bre    

    Carthamus lunatus  L. (Asteraceae)      Lepidium lunatus  L. (Brassicaceae)  

    L. ruderale  L. (Brassicaceae)      Linum perenne  L. (Linaceae)  

  Spices and condiments    

    Allium rubellum  M. Bieb. (Amaryllidaceae)      A.schoenoprasum  L. (Amaryllidaceae)  

    A.tuberosum  Lam. (Liliaceae)      Carum bulbocastanum  (L.) Koch. (Apiaceae)  

    C. carvi  L. (Apiaceae)      C. angustifolia  L. (Apiaceae)  

    Curcuma montana  Roxb. (Zingiberaceae)      Zingiber capitatum  Roxb. (Zingiberaceae)  

  Beverages    

    Cichorium endivia  L.(Asteraceae)      Fagopyrum cymosum  (Trevir.) Meisn. (Polygonaceae.)  

    Saccharum fi lifolium  Steud. (Poaceae)      S. rufi pilum  Steud. (Poaceae)  
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Table 2    (continued)

  B. Central Himalaya    

  Fruits    

    Myrica esculenta  Buch-Ham. (Myricaceae)      Rubus moluccanus  L.( Rosaceae)  

  Tuberous type    

    Coleus forskohli  Briq. (Lamiaceae)    

  Beverage    

    Camellia kissi  Wall. (Theaceae)    

  C. Eastern Himalaya    

  Cereals and millets    

    Coix lacryma jobi  L. (Poaceae)      Digitaria cruciata  (Nees ex Steudel) A. Camus (Poaceae)  

    Echinochloa crus-galli  (L.) P. Beauv. (Poaceae)      B. stagnina  (Retz.) P. Beauv. (Poaceae)  

    Hordeum agriocrithon  (A. E. Aberg) A. Love (Poaceae)      Leersia hexandra  Sw. (Poaceae)  

    Oryza granulata  Nees & Arn. ex Hook. F (Poaceae)      O.rufi pogon  Griff . (Poaceae)  

    O. sativa var. spntanea  L. (Poaceae)      Polytoca digitata ( L.f.) Druce. (Poaceae)  

    P. wallichiana  (Steud.) Benth. (Poaceae)      Setaria pallide-fusca  (Schumach.) Stapf & C.E.Hubb (Poaceae)  

  Legumes    

    Atylosia volnbilis  (Blanco) Gamble (Fabaceae)      Canavalia virosa  Roxb. (Fabaceae)  

    Mucuna bracteata  DC. (Fabaceae)      M. capitata  Wight & Arn. (Fabaceae)  

    Vigna capensis  (L.) Walp. (Fabaceae)      V. radiate  var.   sublobata  (Roxb.)Verdc. (Fabaceae)  

    V.trilobata  (L.) Verdc. (Fabaceae)      V.umbellata  (Thunb.) Ohwi and Ohashi (Fabaceae)  

  Fruit s    

    Citrus assamensis  S. Dutta & S. C. Bhattach. (Rutaceae)      C. aurantifolia  (Cristm.) Swingle (Rutaceae)  

    C.aurantium L. ( Rutaceae)      C. ichangensis  Swingle (Rutaceae)  

    C.indica Tanaka  (Rutaceae)      C. latipes  (Swingle) T. Tanaka (Rutaceae)  

    C.macroptera  montrouz (Rutaceae)      C. medica  L. (Rutaceae)  

    Diospyros lotipes L.  (Ebenaceae)      Docynia hookeriana  Decne. (Rosaceae)  

    Elaeocarpus fl ribundus  Blume (Elaeocarpaceae)      Eupharia longan  (Lour.) Steud. (Sapindaceae)  

    Fragaria nilgerrensis  Schl. ex J. Gay (Rosaceae)      Garcinia atrovirides  Griff . ex T.Anderson (Clusiaceae)  

    G. cowa Roxb.  ex Choisy (Clusiaceae)      G. hombroniana  a.k.a. Luli. (Clusiaceae)  

    G. lanceaefolia  Roxb.(Clusiaceae)      G.pedunculata  Roxb. ex Buch.-Ham. (Clusiaceae)  

    G. spicata  (Wight & Arn.) Hook. f. (Clusiaceae)      Malus baccata  ver.  himalacia  (Maxim.) C.K. Schneid. 

(Rosaceae)  

    Mangifera indica  L. (Anacardiaceae)      M. sylvatica  Roxb. (Anacardiaceae)  

    Morus australis  Poir. (Moraceae)      M. serrata  Roxb. (Moraceae)  

    Musa acuminata  Colla. (Musaceae)      M.  balbisiana Colla. (Musaceae)  

    M.cheesmanii  N.W. Simmonds (Musaceae)      M.  fl avifl ora N.W. Simmonds (Musaceae)  

    M.itinerans  Cheesman (Musaceae)      M.mannii  H.Wendl. ex Baker (Musaceae)  

    M.nagensium  Prain (Musaceae)      M. sikkimensis  Kurz (Musaceae)  

    M.superba  Roxb. (Musaceae)      M.velutina  H. Wendl. & Drude (Musaceae)  

    Myrica esculenta  Buch-Ham. (Myricaceae)      Phienix acaulis  Roxb. (Arecaeae)  

    P. robusta  (Becc.) Hook.f. (Arecaeae)      Prunus cerasioides  D. Don (Rosaceae)  

    P. carnuta  (Wall. ex Royle) Steud. (Rosaceae)      P. jenkinsii  Hook. f. & Thom. (Rosaceae)  

    P. napalensis  Ser. (Rosaceae)      P.wallichii  Steud. H (Rosaceae)  

    Ribes graciale  Wall. M (Grossulariaceae)      Rubus ellipticus  Sm. (Rosaceae)  

    R.lanatus  Focke (Rosaceae)      R. moluccanus  L. (Rosaceae)  

    R.paniculatus  Sm. (Rosaceae)      Sorbus aucuparia  L. (Rosaceae)  

    S. vestita  Hook. f. (Rosaceae)      Spondias pinnata  (Anacardiaceae)  

    Vitis lanata  Roxb. (Sapindaceae)      Zizyphus oenoplia  (L.) Mill. (Rhamnaceae)  

  Vegetables    

    Cucumis hystrix  Chakrav. (Cucurbitaceae)      C. trigonus  Roxb. (Cucurbitaceae)  

    Luff a graveolens  Roxb. (Cucurbitaceae)      Momordica cochinchinensis  Spreng. (Cucurbitaceae)  
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a strong positive relationship between  Abies spectabilis  ring-

width chronology and November-January temperature in 

Dolpo, west Nepal. In view of the above fi ndings it could be 

stated that the growth of conifers growing at high elevation 

in the Himalaya are directly infl uenced by winter warming. 

The weather records form the western Himalaya for the past 

century have revealed signifi cant rise in air temperature over 

the north western Himalaya and winter is recorded to be 

warming relatively at a higher rate (Bhutiyani et al.  2007 ; 

Borgaonkar et al.  2011 ), and this could lead to signifi cant 

Table 2    (continued)

    M.dioica Roxb.  ex Willd. (Cucurbitaceae)      M. macrophylla  Gage. (Cucurbitaceae)  

    M.subangulata  Blume (Cucurbitaceae)      Rumex dentatus  L.(Polygonaceae)  

    Trichosanthus bracteata  (Lam.) Voigt (Cucurbitaceae)      T. cordata  Roxb. (Cucurbitaceae)  

  Tuberous types    

    Alocasia macrorhiza  (L.) G.Don (Araceae)      Amorphophallus bulbifer  (Roxb.) Bl. (Araceae)  

    Colocasia esculenta ( L.) Schott (Araceae)      Discorea alata  L. (Dioscoreaceae)  

    D. bulbifera  L. (Dioscoreaceae)      D.hamiltonii  Hook.f. (Dioscoreaceae)  

    D. hispida  Dennst. (Dioscoreaceae)    

  Oil seeds    

    Brassica trilocularis  (Roxb.) Hook. f. & Thomson (Brassicaceae)    

  Fibres    

    Boehmeria malabarica  Wedd.(Urticaceae)      Corchorus capsularis  L. (Malvaceae)  

    Gossypium arboretum  L. (Malvaceae)      Hibiscus furcatus  Wall. (Malvaceae)  

  Spices and condiments    

    Alpina speciose  K.Schum. (Zingiberaceae)      Amomum aromaticum  Roxb. (Zingiberaceae)  

    Cinnamomum impressinervium  Meisn. (Lauraceae)      Curcuma amada  (Roxb.) (Zingiberaceae)  

    C.latifolia Roscoe . (Zingiberaceae)      C. zeodoaria  (Christm.) Roscoe. (Zingiberaceae)  

    Piper longum  L. (Piperaceae)      P. peepuloides  Roxb. (Piperaceae)  

    P.schmidtii Hook. f       Zingiber capitatum  Roxb. (Zingiberaceae)  

  Beverages    

    Camellia caudata  Wall. (Theaceae)      C. kissi  Wall. (Theaceae)  

    Coff ea bengalensis  B. Heyne ex Schult (Rubiaceae)      C. fragrans  Wall. ex Hook.f. (Rubiaceae)  

    C. jenkensii  Hook.f. (Rubiaceae)      C. khasiana  (Korth.) Hook.f. (Rubiaceae)  

    Eurya japonica  Thunb. (Theaceae)      Miscanthus nepalensis  (Trinius) Hackel (Poaceae)  

    M.wardii  Bor (Poaceae)      Narenga fallax  (Bal.) Bor (Poaceae)  

    Saccharum longisetosum  (And.) V. Naray. ex Bor (Poaceae)      S. procerum  Roxb. (Poaceae)  

    S. rufi pilum  Steud (Poaceae)      S. sikkimense  (Hook.f.) V. Naray. ex Bor (Poaceae)  

    S. spontaneum  L. (Poaceae)      Sclerostachya fusca  (Roxb.) A. Camus. (Poaceae)  

  D. Upper Gangetic plains    

  Cereals    

    Paspalum scrobiculatum  L. (Poaceae)      Setaria sphacelata  (Schumach.) Stapf & C.E. Hubb (Poaceae)  

  Legumes    

    Lathyrus aphaca  L. (Fabaceae)      Trigonella corniculata  L. (Fabaceae)  

    T. polycerata  L. (Fabaceae)    

  Fruit    

    Grewia asiatica  L. ( Tiliaceae)    

  Oil seed    

    Brassica quadrivalvis  (Hook. f. & Thom.) Kitam (Brassicaceae)    

  Fibres    

    Corchorus trilocuaris  L.( Malvaceae)      Hibiscus surattensis  L.(Malvaceae)  

    Urena repanda  Roxb. (Malvaceae)    

  Spices and Condiments    

    Allium tuberosum  Rottler ex Spreng. (Amaryllidaceae)      Alpinia galanga  (L.) Willd. (Zingiberaceae)  

  Beverages    

    Cichorium intybus  (L.) (Asteraceae)      Sclerostachya fusca  (Roxb.) A. Cam. (Poaceae)  
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changes in plant diversity of the Himalayan region in coming 

decades. The recruitment pattern of ecotonal species in the 

Nepal Himalaya have also revealed site specifi c responses to 

climate change in recent decades (Shrestha et al.  2007 ,  2014 ; 

Gaire et al.  2014 ; Liang et al.  2014 ; Chhetri and Cairns 

 2015 ). Such site and species specifi c responses of high 

elevation species to climate change could lead to change in 

species composition as well. 

 The upward displacement of the endemic plant species 

of the Sikkim Himalaya during 1849–2010 has been found 

to be at the rate of 27.53 m/10 years (Telwala et al.  2013 ). 

Species distribution models show that the current warm-

ing should result in upward increase of habitable areas of 

highland shrubs with their gradual expansion replacing 

herbaceous communities in the eastern Himalaya (Manish 

et al.  2016 ). Elsewhere in the Tibetan Plateau shrub com-

munities are also reported to replace alpine meadows during 

1990–2009 (Brandt et al.  2013 ). 

     Endemic species and climate change 

 Endemics are the relic species restricted to isolated geo-

graphical area. In the Himalayan region endemism is very 

high due to orographic and climatic isolation (Shrestha and 

Joshi  1996 ). Climatic changes in geological past, especially 

Quaternary glaciation, aff ected the available area for plant 

colonization, which consequently controlled variation in 

total plant species richness as well as the degree of isolation 

and thereby the extent of endemism (Vetaas and Gyrtnes 

 2002 ). Endemics usually possess low genetic diversity at 

species and population level, which has been attributed to 

geographic isolation (no gene fl ow) and genetic drift (small 

population size) (Hamrick et  al.  1991 ). A conservative 

estimate suggests that over 3000 dicot and 1000 monocot 

species are endemic to the Indian Himalayan region (IHR) 

(Mani  1978 ). The IHR as a whole supports nearly 50% of 

the total fl owering plants in India of which 30% fl ora are 

endemic to the region (Singh  2006 ). Studies in the Nepal 

Himalaya have revealed that endemic species increase with 

the elevation from 1000 to 3500 m asl and are greatest 

between 3500 to 4500 m asl (Vetaas and Gyrtnes  2002 ). 

Endemic species are highly vulnerable to climate change, 

and for this reason plant endemism is used as an important 

tool for determining priority conservation sites and species 

in the Himalayan region (Rawal and Dhar  1997 ). Where 

suitable climates disappear altogether within the species 

reach, threat of extinction from habitat and ecosystem will 

be greater for species endemic to those climates (Ohlemül-

ler et al.  2008 ). Under recent climate change scenario the 

small-ranged species with high-level of endemism appear 

particularly threatened. 

    Extreme events and disaster mediated 
biodiversity changes 

 Climate is not only experiencing gradual shifts in its mean 

state, but also extreme events such as droughts, fl oods, 

heat waves, fi res, climate linked landslides, and snow ava-

lanches have changed and are also projected to increase 

with global warming (IPCC  2013 ). Consistent with the 

global pattern, the Himalayan region also has witnessed 

surge in extreme events such as fl oods and heat waves. The 

Himalayan mountain system due to topographic inclines 

is highly prone to landslides and snow avalanches. Such 

disasters are largely driven by heavy rain/snow fall and 

cause serious damages to local vegetation. The exposed 

terrains, usually nutrient defi cient, get gradually colonized 

by invasive plants adapted to poor nutrient soils. 

 The Himalayan region due to highly intricate topog-

raphy and also altitude dependent climate is vulnerable 

to extreme rainfall events and cloudbursts (Nandargi and 

Dhar  2011 ; Thayyen et al.  2012 ). Recent Kedarnath trag-

edy due to intensive rains (325 mm rainfall in 48 h on 

June 16–17, 2013) caused severe fl oods, landslides and 

ecosystem damages and heavy toll on human life (Dob-

hal et al.  2013 ; Rawat et al.  2016 ). The tragedy caused 

severe damage to vegetation and forests were severely 

fragmented at many places posing serious threat to local 

extinction of many plant species (Negi  2014 ; Rawat et al. 

 2016 ). Recently two intense cloudbursts of unprecedented 

intensity in Arunachal Pradesh in 2008 and 2010 caused 

devastating fl ash fl oods and enormous loss to the forested 

and agricultural land (Bharali and Khan  2011 ). At many a 

times the extreme events causing landscape changes lead 

to invasion of novel species in aff ected areas. The invasive 

species spread across the landscape and reach a level of 

local and regional abundance that can eventually impact 

local resident species and ecosystems (Theoharides and 

Dukes  2007 ). Several plant species in Arunachal Pradesh 

are reported to be at risk due to climate change and the 

examples include  Amentotaxus assamica ,  Gleditsia assa-
mica ,  Gymnocladus assamicus ,  Coptis teeta ,  Rhodendron 
spp. ,  Paphiopedilum fairrieanum ,  Aneilema glandulif-
erum ,  Capparis pachyphylla ,  Acer oblongum  and  Acer 
sikkimense  (Bharali and Khan  2011 ). 

 The IHR during dry season is vulnerable to fi re, which 

could be accidental/intentional by mankind or natural 

by lightening. The intentional fi res are made by locals/

shepherds for the eradication of weeds around the agri-

culture farm lands/get soft palatable grasses for grazing. 

In dry seasons fi res spread to vast forest areas due to the 

availability of infl ammable dry litter that cause serious 

damage to ecosystem. Gaps shaped by fi res are predomi-

nantly vulnerable to soil erosion making the soil further 
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nutrient defi cient. Chir pine ( Pinus roxburghii ) forests in 

the Himalaya are very prone to fi re and occasional fi res 

promote shrub growths which propagate by vegetative 

means (Kumar and Thakur  2008 ). 

    Invasive species and climate change 
in Himalaya 

 Increasing trade and travel has breached the biogeographic 

boundaries of biota (Bradley et al.  2010 ). In recent times 

the number of translocated species either deliberately or 

accidentally has drastically increased and such invasions 

have the potential to alter the composition of Earth’s biodi-

versity (Settele et al.  2014 ). The Himalayan region, which 

supports diverse bioclimates with broad elevational range 

and habitat heterogeneity, has witnessed intentional or unin-

tentional introduction of varying fl ora from diff erent phyto-

geographical regions of the world. Ecological disturbances 

(climatic, fi re, and land scape changes) render ecosystems 

vulnerable to invasion by the species that are transported 

intentionally or unintentionally by humans (Moore  2000 ). 

The fragile ecosystem of the Himalaya experiencing fre-

quent disturbances and human pressure favour the invasive 

species, which could be taken as the second greatest threat 

(after direct habitat destruction) to the regional biodiver-

sity. Extreme climatic events such as droughts, fl oods and 

severe storms are changing in frequency, magnitude and 

duration (Karl et al.  2008 ). Such disturbances damage/kill 

the native species thus creating the “invasion window” for 

introduced species. Due to killing/damage of resident spe-

cies more free space and increased nutrients are available 

for invasive species. If the native species are not effi  cient 

enough to recover fast after the stressful conditions end, 

the resources are easily made available to invasive species 

taking the advantage of windows of opportunity created 

by extreme climatic events. In the IHR around 190 species 

distributed in 112 genera and 47 families are recorded as 

invasive alien in the fl ora (Sekar et al.  2012 ). Among these 

invasive species of the IHR 73% are native of American 

continent (Sekar et al.  2012 ). Herbaceous species are the 

dominant constituents (77%) of the invasive alien fl ora. 

Some of the species like  Echinochloa crus-galli ,  Lagascea 
mollis ,  Lantana camara , and  Parthenium hysterophorus  are 

having allelopathic potential and harmful to natural plant 

population (Singh et al.  2010 ).  Eupatorium adenophorum,  
introduced from Mexico ,  is another obnoxious invasive spe-

cies in the Himalayan region, and it has replaced large part 

of natural vegetation in Kumaon region and is considered a 

threat to native plants (Singh et al.  2000 ) due to its dense 

fast spreading stand. With the growing globalization, as the 

new trading partners are formed and also the environmental 

change there is growing risk of invasive species threatening 

the native biodiversity. 

 A study conducted on invasion of exotic species in the 

Himalayan foothill region at Doon Valley revealed 308 

woody and 128 herbaceous exotic species of which ~ 37.6% 

are of American origin (Negi and Hajra  2007 ) (Table  3 ). 

Field investigations revealed that the purposeful introduc-

tion of few exotics like  Eucalyptus  spp.,  Casuarina spp ., 
 Prosopis julifl ora ,  Leucaena leucocephala ,  Dendrocalamus  
spp., and  Pinus  spp. have signifi cantly catered the growing 

demand of fuel, fodder, timber and industrial raw materials. 

And exotics like  Grevillea robusta, Callistemon  spp.,  Cassia  
spp.,  Cycas revoluta ,  Acacia  spp.,  Juniperus  spp.,  Phoenix  
spp., and  Bougainavillea  spp., etc., have contributed largely 

to the aesthetic value in the valley. The sustainable exploita-

tion of luxuriantly growing exotics, like  Araucaria angusti-
folia ,  Cryptomeria japonica, Cupressus cashmeriana ,  Cycas 
revoluta ,  Delonix regia ,  Ginkgo biloba ,  Juniperus bermu-
diana ,  J. procera ,  Khaya senegalensis  and  Pinus merkusii , 
etc., add to various socio-economic benefi ts through global 

trading as they are known for their specifi c and multifari-

ous utility. But some of the exotics viz.,  Ageratum cony-
zoides ,  Erigeron  spp.,  Eupatorium  spp.,  Lantana camara , 
and  Parthenium hysterophorus ,  Malvastrum coromandeli-
anum  etc., have turned very harmful and causing ecological 

havoc to indigenous fl ora. Very rapid colonizing attribute of 

 Croton bonplandianum ,  Xanthium strumarium ,  Galinsoga 
parvifl ora  and  Argemone mexicana , etc., have created socio-

ecological problems and associated health hazards (Negi and 

Hajra  2007 ).  

    Land use land cover change and biodiversity 

 The human pressure on natural systems is accelerating with 

growing needs of burgeoning population undermining the 

stability of these systems. Over 75% of the Earth’s terrestrial 

biomes now show evidence of alteration as a result of human 

residence and land use (Ellis and Ramankutty  2008 ). A syn-

thesis of habitat fragmentation spanning multiple biomes 

across the fi ve continents over 35 years revealed that habitat 

fragmentation reduces biodiversity by 13 to 75% and impairs 

key ecosystem functions by decreasing biomass productivity 

and altering nutrient cycles (Haddad et al.  2015 ). The habitat 

fragmentation leads to the division of habitat into smaller 

fragments separated by human transformed land cover. 

Deforestation since the mid-eighteenth to twentieth centuries 

has resulted in the loss of more than a third of all forest cover 

worldwide (Williams  2003 ; Hansen et al.  2013 ). Further, 

there are growing concerns for the time delayed extinction 

of species with the fragmentation of ecosystems. The extinc-

tion processes are often slow with a time delay when cer-

tain populations decline to their extinction threshold before 
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  Table 3       List of exotic plant 

species of Doon Valley, the 

western Himalaya  

  Species name    Family    Habit    Origin  

   Abelmoschus esculenta  (L.) Moench    Malvaceae    Herb    Probably Africa  

   Acacia auriculiformis  A.Cunn.ex Benth    Mimosaceae    Tree    Australia  

   Acacia benthami  Rochbr    Mimosaceae    Tree    S.Africa  

   Acacia confusa  Merr    Mimosaceae    Tree    Philippines  

   Acacia karoo  Heyne    Mimosaceae    Tree    S. Africa  

   Acacia robusta  Burch    Mimosaceae    Tree    S. Africa  

   Acalypha australis  L    Euphorbiaceae    Herb    China & Japan  

   Acanthospermun hispidum  DC    Asteraceae    Herb    Brazil  

   Adenanthera microsperma  Teijem    Mimosaceae    Tree    Indonesia (Java)  

   Adenocalymma alliaceum  Miers    Bignoniaceae    Climer    South America  

   Adenostemma houstonianum  Mill    Asteraceae    Herb    Tropical America  

   Agathis robusta  (Moore) F.M. Baily    Araucariaceae    Tree    Australia  

   Agave americana  L. a     Agavaceae    Shrub    America  

   Ageratum conyzoides  L. a     Asteraceae    Herb    America  

   Ailanthus altissima   Swingle a     Simaroubaceae    Tree    China  

   Aleurites fordii  Hemsl    Euphorbiaceae    Tree    China  

   Aleurites moluccana  Willd    Euphorbiaceae    Tree    Malaysia  

   Allamanda cathartica  L. a     Apocynaceae    Climber    Brazil  

   Alternanthera fi ccoides  (L.) R. Br    Amaranthaceae    Herb    Brazil  

   Alternanthera philoxeroides  (Mast.)Griseb    Amaranthaceae    Herb    America  

   Alternanthera pungens  Kunth    Amaranthaceae    Herb    Tropical America  

   Amaranthus caudatus  L    Amaranthaceae    Herb    Uncertain origin  

   Amaranthus cruentus  L    Amaranthaceae    Herb    Uncertain origin  

   Anethum graveolense  L    Apiaceae    Herb    S. and S.W. Asia  

   Anethum scandicina  (Weber) Mansf    Apiaceae    Herb    Europe  

   Annona reticulata  L    Annonaceae    Tree    Tropical America  

   Anthemis cotula  L    Asteraceae    Herb    Europe & Asia  

   Antigonon leptopus  Hk. & Arn    Polygonaceae    Shrub    America  

   Antirrhinum majus  L    Scrophulariaceae    Herb    Europe, Syria, America  

   Apium graveolens  L    Apiaceae    Herb    Europe  

   Apium leptophyllum  (Pers.)F. Muell    Apiaceae    Herb    America, Australia  

   Araucaria angustifolia  (Bertal.)    Araucariaceae    Tree    Brazil  

   Araucaria bidwilli  Hk    Araucariaceae    Tree    Australia  

   Araucaria columnaris  Forst    Araucariaceae    Tree    New Caledonia  

   Araucaria cunninghamii  Sweet    Araucariaceae    Tree    Australia  

   Arenaria serpyllifolia  L    Caryophyllaceae    Herb    Iran  

   Argemone mexicana  L. a     Papaveracae    Herb    West Indies  

   Argemone ochroleuca  Sweet    Papaveracae    Herb    Mexico  

   Aristolochia littoralis  Parodi    Aristolochiaceae    Herb    S. America  

   Asclepias curassavica  L.Z a     Apocynaceae    Herb    Tropical America  

   Azadirachta indica  A.Juss    Meliaceae    Tree    Myanmar  

   Bambusa glaucescens  (Willd.) Sieb    Poaceae    Bamboo    China  

   Bambusa guadua Humb .&Bonld    Poaceae    Bamboo    U.S.A  

   Bambusa longispiculata  Gamble    Poaceae    Bamboo    Burma  

   Bambusa vulgaris  Schard.ex Wend    Poaceae    Bamboo    Unknown  

   Bauhinia carronii  F.V. Muell    Caesalpiniaceae    Tree    Australia  

   Bauhinia corymbosa  Roxb    Caesalpiniaceae    Climber    China  

   Bauhinia galpinii  N.E.Br a     Caesalpiniaceae    Shrub    S. Africa  

   Bauhinia hookeri  F.V. Muell    Caesalpiniaceae    Tree    Australia  

   Bauhinia picta  DC    Caesalpiniaceae    Tree    Colombia  

   Beaucarnea stricta  Lam    Liliaceae    Tree    Mexico  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Bignonia anguis-cati  L    Bignoniaceae    Creeper    Central America  

   Bischofi a javanica  Bl    Bischofi aceae    Tree    Indonesia  

   Bixa orellana   L a     Bixaceae    Tree    Brazil  

   Boerhavia erecta  L    Nyctaginaceae    Herb    Tropical America  

   Bolusanthus speciosus  Harus    Papilionaceae    Tree    S.Africa  

   Bougainvillea glabra   Chois a     Nyctaginaceae    Climber    Brazil  

   Bougainvillea spectabilis  Willd. a     Nyctaginaceae    Shrub    Brazil  

   Brachychiton acerifolium  F. Mull    Sterculiaceae    Tree    New S.Wales  

   Brassica campestris  L. a     Brassicaceae    Herb    Mediterranean region  

   Brassica juncea  (L.) Czern    Brassicaceae    Herb    Continental Asia  

   Brassica oleracea  L. a     Brassicaceae    Herb    W & S Europe  

   Brassica tournefortie  Gouan    Brassicaceae    Herb    Mediterranean region  

   Breynia vitis-idaea  (Burn. f.) Fisch    Euphorbiaceae    Shrub    West Indies  

   Broussonetia papyrifera   Vent a     Moraceae    Tree    China/Japan  

   Brugmansia suaveolens  (Humb & Bonpl ex 

Willd) Bercht. & Presl)  

  Solanaceae    Shrub    Brazil  

   Brunfelsia americana  L. a     Solanaceae    Shrub    West Indies  

   Brunfelsia calycina  Benth    Solanaceae    Shrub    Brazil  

   Brunfelsia densifolia  Krug    Solanaceae    Tree    Tropical America  

   Brunfelsia latifolia  Hort    Solanaceae    Shrub    Brazil  

   Brunfelsia paucifl ora  Benth    Solanaceae    Shrub    Tropical America  

   Byrsonia crassifolia  H.B.K    Malpighiaceae    Tree    Mexico  

   Caesalpinia ferra  Mart    Caesalpiniaceae    Tree    Brazil  

   Caesalpinia pulcherrima  (L.) Swa    Caesalpiniaceae    Shrub    Brazil  

   Caesulia offi  cinalis  L    Asteraceae    Herb    S. Europe  

   Calliandra brevipes  Benth    Mimosaceae    Shrub    Brazil  

   Calliandra haematocephala  Hassk    Mimosaceae    Shrub    Mexico  

   Calliandra houstoniana  Slandl    Mimosaceae    Tree    Mexico  

   Callistemon citrinus  (Curh)  Skeel a     Myrtaceae    Tree    Australia  

   Callistemon viminalis   Cheel a     Myrtaceae    Tree    Australia  

   Callitris columellaris  F. Muell    Cupressaceae    Tree    Australia  

   Camellia japonica  L    Theaceae    Shrub    Japan  

   Camellia sinensis  (L.)Kuntze a     Theaceae    Shrub    China  

   Campsis radicans  (L.) Seem    Bignoniaceae    Shrub    N.America  

   Carica papaya  L. a     Asteraceae    Shrub    Torpical America  

   Carthamus lanatus  L    Asteraceae    Herb    S.W. Asia  

   Casimiora edulis  La Llave    Rutaceae    Tree    Mexico  

   Cassia bifl ora  L    Caesalpiniaceae    Shrub    Mexico  

   Cassia javanica  L. a     Caesalpiniaceae    Tree    Indonesia (Java)  

   Cassia multijuga  Rich    Caesalpiniaceae    Tree    America/Malaysia  

   Cassia nodosa  Buch.-Ham a     Caesalpiniaceae    Tree    Myanmar/Malaysia  

   Cassia occidentalis  L    Caesalpiniaceae    Tree    S. America  

   Cassia spectabilis  DC    Caesalpiniaceae    Tree    Tropica America  

   Cassia splendida  Vog    Caesalpiniaceae    Tree    Brazil  

   Castnospermum australe  A. Cunn    Papilionaceae    Tree    Australia  

   Casuarina cunninghamiana  Miq    Causuarinaceae    Tree    Australia  

   Casuarina litroralis   L a     Causuarinaceae    Tree    Australia  

   Catharanthus roseus  (L.) G. Don    Apocynaceae    Herb    West Indies  

   Celtis sinensis   Pers a     Ulmaceae    Tree    China  

   Centaurea cyanus  L    Asteraceae    Herb    Mediterranean region  

   Cephalostachyum pergracile  Munro    Poaceae    Bamboo    Myanmar  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Cephalotaxus harringtonia  Koch    Cephalotaxaceae    Tree    Japan  

   Cestrum nocturnum   L a     Solanaceae    Shrub    W.Indies /America  

   Chamaerops humulis  L    Arecaceae    Shrub    Europe  

   Chemopodum ambrosioides  L    Chemopodiaceae    Herb    America  

   Chorisia speciosa  A. St. Hill    Bombacaceae    Tree    Brazil  

   Chrysanthemum coronarium  L    Asteraceae    Herb    Mediterranean region  

   Chrysophyllum oliviforme  Lam    Sapotaceae    Tree    Tropical America  

   Cichorium intybus  L    Asteraceae    Herb    Europe, N. Africa & 

Continental Asia  

   Cinnamomum camphora  Nees &  Eberm a     Lauraceae    Tree    China  

   Cistrus maxima  (Burm.)  Merr a     Rutaceae    Tree    Malaysia  

   Clerodendrum splendense  G.Don    Verbenaceae    Climber    Angola  

   Clerodendrum ugandense  Prain    Verbenaceae    Climber    Africa  

   Consolida ambigua  (L.) Ball & Heywood    Ranunculaceae    Herb    Mediterranean  

   Cordia abyssinica  R.Br    Boraginaceae    Tree    Sudan  

   Cordia alba  R.& Sch    Boraginaceae    Tree    Mexico  

   Coreopsis tinctoria  Nutt    Asteraceae    Herb    N. America  

   Coriandrum sativum  L. a     Apiaceae    Herb    Mediterranean  

   Coronopus didymus  (L.) Smith    Brassicaceae    Herb    S. America  

   Cronton bonplandianum   Baillon a     Euphorpiaceae    Herb    S. America  

   Cryptomeria japonica  L.f    Taxodaceae    Shrub    Japan /China  

   Cunninghamia lanceolata  Lam    Taxodaceae    Tree    China  

   Cupressus arizonica   Greene a     Cupressaceae    Tree    Mexico  

   Cupressus cashmeriana  Royle ex Carrie    Cupressaceae    Tree    China (Tibet)  

   Cupressus funebris  Endl    Cupressaceae    Tree    China  

   Cupressus goveniana  Gord    Cupressaceae    Tree    California  

   Cupressus lusitanica  Mill    Cupressaceae    Tree    Mexico  

   Cupressus sempervirens  L    Cupressaceae    Tree    Cyprus  

   Cupressus torulosa  D.Don a     Cupressaceae    Tree    Bhutan  

   Cyclanthera pedata  Schrad    Cucurbitaceae    Herb    S. America  

   Cycus revoluta   Thunb a     Cycadaceae    Tree    Japan  

   Dalbergia cultrata  R.  Grah a     Papilionaceae    Tree    Burma  

   Dalbergia melanoxylon  Guill. & Pers    Papilionaceae    Tree    Sudan  

   Datura metel   L a     Solanaceae    Shrub    Tropical America  

   Delonix regia  (Bojer ex. Hk.)  Rafi n a     Caesalpiniaceae    Tree    Madagascar  

   Dendrocalamus giganteus  Munro    Poaceae    Bamboo    Malaya/Myanmar  

   Dendrocalamus longispathus  Kurz    Poaceae    Bamboo    Myanmar  

   Dendrocalamus membranaceus  Munro    Poaceae    Bamboo    Myanmar  

   Dendrocalamus strictus   Nees a     Poaceae    Bamboo    Myanmar  

   Desmodium tortuosum  (Sw.) DC    Papilionaceae    Herb    America  

   Dianthus chinensis  L    Caryophyllaceae    Herb    Eastern Asia  

   Dichrostachys cinerea  (L.) W. &A    Mimosaceae    Shrub    Congo  

   Dipterocarpus tuberculatus  Roxb    Dipterocarpaceae    Tree    Burma  

   Dolichandrone platycalyx  Baker    Bignoniaceae    Tree    Uganda  

   Dombeya cayuseii  Andr    Sterculiaceae    Shrub    Madagascar  

   Dombeya masterjii  Hk.f    Sterculiaceae    Shrub    Trpical Africa  

   Duabanga grandifl ora  Roxb.ex DC    Lythraceae    Tree    Malaysia  

   Duboisia myoporoides  R. Br    Solanaceae    Tree    Australia  

   Duranta repens  L    Verbenaceae    Shrub    Mexico  

   Echites umbellata  Jacq    Apocynaceae    Clinber    U.S.A. (Florida)  

   Enterolobium contortisiliqeum  Morang    Mimosaceae    Tree    Brazil  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Erigeron karvinskianus  DC    Asteraceae    Herb    Central America  

   Eriobotrya japonica  Lindl    Rosaceae    Tree    Japan/China  

   Eruca sativa  Mill    Brassicaceae    Herb    Mediterranean region  

   Eryngium foetidum  L    Apiaceae    Herb    S. America  

   Eucalyptus alba  Reinw. ex Bl    Myrtaceae    Tree    Australia  

   Eucalyptus camaldulensis   Dehn a     Myrtaceae    Tree    Australia  

   Eucalyptus citriodora   Hk a     Myrtaceae    Tree    Australia  

   Eucalyptus deglupta  Bl    Myrtaceae    Tree    Indonesia  

   Eucalyptus drepanophylla  F. &M.ex Benth    Myrtaceae    Tree    Australia  

   Eucalyptus grandis  Maiden    Myrtaceae    Tree    Australia  

   Eucalyptus maculata  Hk    Myrtaceae    Tree    Australia  

   Eucalyptus microcorys  F. Muell    Myrtaceae    Tree    Australia  

   Eucalyptus paniculata  Sm    Myrtaceae    Tree    Australia  

   Eucalyptus propinqua  Deane & Maiden    Myrtaceae    Tree    Australia  

   Eucalyptus punctata  DC    Myrtaceae    Tree    Australia  

   Eucalyptus resinifera  Sm    Myrtaceae    Tree    Australia  

   Eucalyptus robusta  Sm    Myrtaceae    Tree    Australia  

   Eucalyptus sideroxylon  A. Cunn    Myrtaceae    Tree    Australia  

   Eucalyptus tereticornis  Sm    Myrtaceae    Tree    Australia  

   Eucalyptus torelliana  F.Muell    Myrtaceae    Tree    Australia  

   Eugenia unifl ora  L    Myrtaceae    Tree    Brazil  

   Eupatorium adenophorum   Spreng a     Asteraceae    Herb    Central America  

   Eupatorium odoratum   L a     Asteraceae    Herb    South America  

   Eupatorium riparium   Regel a     Asteraceae    Herb    Mexico & West Indies  

   Euphorbia cotinifolia  L    Euphorbiaceae    Shrub    Mexico/S. America  

   Euphorbia geniculata   Orteg a     Euphorbiaceae    Herb    Tropical America  

   Euphorbia heterophylla  L    Euphorbiaceae    Herb    Mexico  

   Euphorbia leucocephala  Lotsy    Euphorbiaceae    Shrub    Mexico  

   Euphorbia milii  Des Moulins    Euphorbiaceae    Shrub    Medagascar  

   Euphorbia prostrata  W. Ait    Euphorbiaceae    Herb    Tropical America  

   Euphorbia pulcherrima  Willd.ex  Klotz a     Euphorbiaceae    Shrub    Mexico  

   Euphorbia tirucali   Brandis a     Euphorbiaceae    Shrub    Kenya  

   Evolvulus nummularius  (L.) L    Convolvulaceae    Herb    America  

   Flindersia australis  R.Br    Flinderciaceae    Tree    Australia  

   Foeniculum vulgare   Mill a     Apiaceae    Herb    S. Europe  

   Fraxinus udhei  Lingelsh    Oleaceae    Tree    Mexico  

   Fumaria indica  (Hassk.)Pugsly    Fumariaceae    Herb    Pakistan/Afganistan  

   Galinsoga parvifl ora  Cav    Asteraceae    Herb    Tropical America  

   Galphimia gracilis  Bartl    Malphighiaceae    Shrub    Mexico  

   Gardenia angusta  Merr    Rubiaceae    Shrub    Japan  

   Gardenia jasminoides  Ellis    Rubaceae    Shrub    China  

   Gardenia spatulifolia  Stapf.& Hutch    Rubiaceae    Shrub    Uganda  

   Geijera parvifl ora  Lindl    Rutaceae    Tree    Australia  

   Gigantochloa atter  Kurz    Poaceae    Bamboo    Malaysia  

   Gigantochloa verticellata  Munro    Poaceae    Bamboo    Malaysia  

   Ginkgo bioloba  L    Ginkgoaceae    Tree    Japan  

   Gleditsia macarantha  Desf    Caesalpiniaceae    Tree    China  

   Gleditsia sinensis  Lam    Caesalpiniaceae    Tree    China  

   Gleditsia tricanthos  L    Caesalpiniaceae    Tree    U.S.A  

   Gnaphalium pensylvanicum  Willd    Asteraceae    Herb    America  

   Gomphocarpus physocarpus  Mey    Asclepiadaceae    Shrub    E. Africa  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Gomphrena celosioidis  Mart    Amaranthaceae    Herb    S. America  

   Gomphrena globosa  L    Amaranthaceae    Herb    Tropical America  

   Gossypium hirsutum   L a     Malvaceae    Herb    Central America  

   Grevillea robusta  A.Cunn a     Proteaceae    Tree    Australia  

   Gymnocladus canadensis  Lam    Caesalpiniaceae    Tree    North Amarica & China  

   Haematoxylon campechianum  L    Caesalpiniaceae    Tree    Mexico  

   Hamelia patens  Jacq    Rubiaceae    Shrub    Brazil  

   Helianthus annus   L a     Asteraceae    Herb    North America  

   Helianthus cucumerifolius  Torr    Asteraceae    Herb    North America  

   Hibiscus hawaii  Hort    Malvaceae    Shrub    Hawaii Island  

   Hibiscus arnottianus  Gray    Malvaceae    Shrub    Hawaii (U.S.A)  

   Hibiscus cannabinus  L    Malvaceae    Herb    Tropical America  

   Hibiscus mutabilis  L    Malvaceae    Shrub    China  

   Hibiscus rosa-sinensis   L a     Malvaceae    Shrub    China  

   Hibiscus syriacus  L    Malvaceae    Shrub    Syria/Uncertain  

   Homalium tomentosum  Benth    Flacourtiaceae    Tree    Burma  

   Hydrangea macrophylla  (Thunb.) Ser    Saxifragaceae    Shurb    China/Japan  

   Hyptis suaveolens  (L.) Poit    Lamiaceae    Herb    Tropical America  

   Ipomoea arborescens   Sweet a     Convolvulaceae    Tree    U.S.A  

   Ipomoea cairica  (L.) Sweet    Convolvulaceae    Twiner    Africa  

   Ipomoea fi stulosa  Mart.ex  Choisy a     Convolvulaceae    Tree    U.S.A  

   Ipomoea hederifolia  L    Convolvulaceae    Twiners    Tropical America  

   Ipomoea quamoclit  L    Convolvulaceae    Twiners    Tropical America  

   Isora coccinea  L    Rubiaceae    Shrub    China  

   Isora macrothyrsa  Teijsm. & Binn    Rubiaceae    Shurb    Indonesia  

   Jacaranda mimosaefolia  D.Don a     Bignoniaceae    Tree    Brazil  

   Jasminum mesnyi   Hance a     Oleaceae    Shurb    China  

   Jatropha curcas   L a     Euphorbiaceae    Shrub    Tropical America  

   Jatropha gossypifolia   L a     Euphorbiaceae    Shrub    Tropical America  

   Jatropha integerrima  Jack    Euphorbiaceae    Shurb    China  

   Joanesia princeps  Vell    Oleaceae    Tree    Brazil  

   Juniperus bermudiana   L a     Cupressaceae    Tree    Bermnda  

   Juniperus chinensis  L    Cupressaceae    Shurb    China  

   Juniperus communis   L a     Cupressaceae    Tree    Yugoslavia  

   Juniperus deppeana  Steud    Cupressaceae    Tree    Mexico  

   Juniperus oxycedrus  L    Cupressaceae    Tree    Syria  

   Juniperus phoenicea  L    Cupressaceae    Tree    Algeria  

   Juniperus procera  Hochst    Cupressaceae    Tree    Kenya  

   Juniperus scopulorum  Sarg    Cupressaceae    Tree    U.S.A.  

   Khaya senegalensis  A.Juss    Meliaceae    Tree    Mozumbique  

   Kigelia africana  (Lam.) Benth    Bignoniaceae    Tree    Rhodesia  

   Koelreuteria paniculata  Laxn    Sapindaceae    Tree    China  

   Lagerstroemia fl oribunda  Jack    Lythraceae    Tree    Malaysia/China  

   Lagerstroemia indica  L    Lythraceae    Shrub    China  

   Lagerstroemia thorellii  Gagnep    Lythraceae    Tree    Vietnam  

   Lagerstroemia tomentosa  Presl    Lythraceae    Tree    Myanmar  

   Lagerstroemia turbinata  Koehne    Lythraceae    Tree    Vietnam  

   Lantana camara   L a     Verbenaceae    Shrub    West Indies/America  

   Lens culinaris  Medik    Papilionaceae    Herb    S. Europe  

   Lepidium virginicum  L    Brassicaceae    Herb    America  

   Leucanea leuocephala  (Lam.) deWit    Mimosaceae    Shrub    Mexico  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Ligustrum lucidum  Ait. f    Oleaceae    Shrub    China  

   Liquidambar farmosa    Hance     Hamamelidaceae    Tree    China  

   Liriodendron tulipifl ora  L    Magnoliaceae    Tree    U.S.A.  

   Litchi chinensis   Sonn a     Sapindaceae    Tree    China  

   Livistona australis  Mart    Arecaceae    Tree    Australia  

   Livistona chinensis  R. Br    Arecaceae    Tree    China  

   Lonchocarpus neuroscapha  Benth    Papilioniaceae    Tree    Brazil  

   Lonicera japonica  Thunb    Caprifoliaceae    Shrub    China  

   Luchea endopogon  Kurz    Tiliaceae    Tree    Brazil  

   Lycopersicon lycopersicum  (L.). Karsten    Solanaceae    Herb    America  

   Maclura pomifera  Schne    Moraceae    Tree    U.S.A.  

   Magnolia grandifl ora   L a     Magnoliaceae    Tree    North America  

   Magnolia lilifl ora  Desr    Magnoliaceae    Shrub    Japan  

   Magnolia soulangiana  Hort    Magnoliaceae    Tree    China  

   Malva parvifl ora  L    Malvaceae    Herb    South Europe  

   Malvastrum coromandelianum  (L.) Garcke    Malvaceae    Shrub    S.America  

   Malvaviscus arboreus  Cav    Malvaceae    Shrub    Tropical America  

   Manihot dichotoma  Ule    Euphorbiaceae    Shrub    Brazil  

   Manihot esculenta  Crantz    Euphorbiaceae    Tree    Tropical America  

   Manihot tweediana  Muell-Arg    Euphorbiaceae    Tree    Brazil  

   Markamia platycalyx  Sprague    Bignoniaceae    Tree    Uganda  

   Medicago polymorpha  L    Papilionaceae    Herb    Europe  

   Melaleuca styphelioides  Sprague    Bignoniaceae    Tree    Uganda  

   Melia azedarach   L a     Meliaceae    Tree    Iran  

   Melia birmanica  Kurz    Meliaceae    Tree    Myanmar  

   Melocalamus compactifl orus  Daral    Poaceae    Bamboo    Myanmar  

   Mentha piperita  L    Lamiaceae    Herb    Europe  

   Michelia fi go   Spreng a     Magnoliaceae    Tree    China  

   Milletia brandisiana  Kurz    Papilionaceae    Tree    Myanmar  

   Millingtonia hortensis  L.f    Bignoniaceae    Tree    Myanmar & Malaya  

   Mimosoa pudica  L    Mimosaceae    Herb    Tropical America  

   Montanoa grandifl ora  (DC.)Hemsl    Asteraceae    Herb    Mexico  

   Muehlenbeckia platyclados  (Muell.) Meissn    Polygonaceae    Shrub    Solomon Isles  

   Mussaendra erythrophylla  Schum. & Thonn    Rubiaceae    Shrub    Tropical Africa  

   Mussaendra luteola  Delile    Rubiaceae    Shrub    Kenya/Egypt  

   Mussaendra philippica  Rich    Rubiaceae    Shrub    Philippines  

   Nandina domestica  Thunb    Nandanaceae    Shrub    China/japan  

   Nerium oleander  L    Apocynaceae    Shrub    China  

   Nicotiana plumbaginifolia  Viv    Solanaceae    Herb    Central & S. America  

   Nicotiana rustica  L    Solanaceae    Herb    Central & S. America  

   Nicotiana tabacum   L a     Solanaceae    Herb    Central & S. America  

   Nigella sativa  L    Ranunculaceae    Herb    S.E. Europe  

   Ochrosia elliptica  Labill    Apocynaceae    Tree    Australia  

   Oenothera rosea  W.  Ait a     Onagraceae    Herb    Mexico  

   Olea europea  L    Oleaceae    Tree    Mediterranean region  

   Opuntia vulgaris   Mill a     Cactaceae    Shrub    S. America  

   Oxalis corymbosa  DC    Oxalidaceae    Herb    Tropical America  

   Oxalis richardiana  Babu    Oxalidaceae    Herb    Mexico & West Indies  

   Oxytenanthera abbysinica  Munro    Poaceae    Bamboo    Zambia  

   Oxytenanthera albociliata  Munro    Poaceae    Tree    Burma  

   Pahudia martabanica  Prain    Caesalpiniaceae    Tree    Burma  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Papaver rhoeas  L    Papaveraceae    Herb    Eurasia & Africa  

   Parkinsonia aculeata   L a     Caesalpiniaceae    Tree    Mexico  

   Parthenium hysterophorus  L    Asteraceae    Herb    America  

   Paspalum dilatatum  Poir    Poaceae    Herb    Tropical Aemrica  

   Passifl ora edulis  Sims    Passifl oraceae    Herb    Brazil  

   Passifl ora incarnata  L    Passifl oraceae    Herb    America  

   Passifl ora suberosa  L    Passifl oraceae    Climber    West Indies  

   Peltophorum africanum  Sond    Caesalpiniaceae    Tree    Uganda  

   Peltophorum terocarpum  Baker. ex Heyne    Caesalpiniaceae    Tree    Srilanka  

   Peltophorum vogetianum  Walp    Caesalpiniaceae    Tree    Brazil  

   Peperomia pellucida  (L.) H.B.K. a     Piperaceasae    Herb    Tropical America  

   Pereskia aculeata  Mill    Cactaceae    Climber    Tropical America  

   Pereskia grandifl orus  Hort. ex Pfeiff     Cactaceae    Climber    Brazil  

   Persia americana  Mill    Lauraceae    Tree    Mexico  

   Persia owdenii  (Par.) Koster    Lauraceae    Tree    Mexico  

   Petrea volubilis  Vell    Verbenaceae    Shrub    Mexico  

   Phoenix canariensis  Hort    Arecaceae    Tree    Canary Isles  

   Phoenix dactylifera  L    Arecaceae    Tree    W. Asia & N. Africa  

   Phoenix reclinata  Jack. a     Arecaceae    Tree    Tropical Africa  

   Phoenix senegalensis  Van Houtte    Arecaceae    Tree    S. Africa  

   Physalis angulata  L    Solanaceae    Shrub    America  

   Physalis heterophylla  Nees    Solanaceae    Shrub    N. America  

   Physalis peruviana  L    Solanaceae    Shrub    Tropical America  

   Pilea serpyllifolia  (Poir) Wedd    Urticaceae    Herb    Mexico  

   Pinus canariensis  Sin    Pinaceae    Tree    Canary Island  

   Pinus caribea  Mor    Pinaceae    Tree    Cuba  

   Pinus densifl ora  Sieb. & Zucc    Pinaceae    Tree    Japan  

   Pinus elliotti  Engl    Pinaceae    Tree    U.S.A  

   Pinus halpensis  Mill    Pinaceae    Tree    Cyprus  

   Pinus hartwegii  Lindl    Pinaceae    Tree    Mediterranean region  

   Pinus kesiya  Role    Pinaceae    Tree    Myanmar  

   Pinus merkusii  Junn. & Diur    Pinaceae    Tree    Myanmar  

   Pinus oocarpa  Schiede    Pinaceae    Tree    Mexico  

   Pinus patula  Schide & Deppe    Pinaceae    Tree    Mexico  

   Pinus radiata  D. Don    Pinaceae    Tree    U.S.A  

   Piptadenia rigida  Benth    Mimosaceae    Tree    Brazil  

   Pithecellobium dulce  Benth. a     Mimosaceae    Tree    Mexico  

   Plantus occidentalis  L    Platanaceae    Tree    America  

   Plantus orientalis  L    Platanaceae    Tree    Europe/Asia  

   Plumbago auriculata  Lam. a     Plumbaginaceae    Shrub    S.Africa  

   Plumeria alba  L    Apocynaceae    Tree    America  

   Plumeria rubra  L. a     Apocynaceae    Tree    Mexico  

   Podocarpus gracilior   Pilger a     Podocarpaceae    Tree    Kenya  

   Podocarpus latifolius  R. Br    Podocarpaceae    Tree    Kenya  

   Podocarpus macrophyllus  Pilger    Podocarpaceae    Tree    Japan & China  

   Podocarpus neriifolia  D.Don    Podocarpaceae    Tree    China  

   Polyalthia longifolia  (Sonn.) Thw    Annonaceae    Tree    Srilanka  

   Polygonum chinense  L    Polygonaceae    Herb    S.-E. Asia  

   Populus deltoides  Marsh. a     Salicaceae    Tree    U.S.A  

   Portulaca grandifl ora  Hk    Protulaceae    Herb    Brazil  

   Portulaca oleracea  L    Protulaceae    Herb    N. America  
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Table 3    (continued)
  Species name    Family    Habit    Origin  

   Portulaca pilosa  L    Protulaceae    Herb    Tropical America  

   Prosopis chilensis  Stuntz    Mimosaceae    Tree    Mexico  

   Prosopis julifl ora  (S.w.) DC. a     Mimosaceae    Tree    America  

   Prunus persica  (L.) Batsch. a     Rosaceae    Tree    China  

   Prunus yedensis  Mats    Rosaceae    Tree    Japan  

   Psidium cattleianum  Sabine    Myrtaceae    Shrub    Brazil  

   Psidium guajava  L. a     Myrtaceae    Shrub    Tropical America  

   Pterocarya stenoptera  DC    Juglandaceae    Tree    China  

   Pterospermum semisagittatum  Buch.—Ham    Sterculiaceae    Tree    Myanmar  

   Punica granatum  L. a     Punicaceae    Tree    Iran & Afganistan  

   Pyrostegia venusta  (Ker-Gawl) Miers    Bignoniaceae    Climber    Brazil  

   Pyrus pyrifolia  (Burm. f.)  Nakai a     Rosaceae    Tree    China  

   Quisqualis indica  L    Combretaceae    Climber    Malaysia  

   Rhus lancea  L.f. a     Anacardiaceae    Tree    Tropical Africa  

   Richardia scabra  L    Rubiaceae    Herb    S. America  

   Ricinus communis  L. a     Euphorbiaceae    Shrub    S.Africa  

   Rivina humilis  L    Phytolaccaceae    Herb    America  

   Rorippa nasturtium – aquaticum  (L.) Hayek    Brassicaceae    Herb    Europe & N. Asia  

   Rosa cathayensis   Bailey a     Rosaceae    Climber    China  

   Rosa laevigata  Michx. a     Rosaceae    Climber    China, Japan,America  

   Roylea coccinea  Juss. ex Murr    Lamiaceae    Herb    Tropical America  

   Roystonia regia  (H.B.K). Cook    Arecaceae    Tree    Cuba  

   Ruellia tuberosa  L    Acanthaceae    Herb    West Indies  

   Russelia equisetiformis  Sch. & Cham    Scrophulariaceae    Shrub    Mexico  

   Sabol blackburniana  Glaz    Arecaceae    Tree    Bermuda Island  

   Salix babylonica  L    Salicaceae    Tree    China/Babylon  

   Sapindus mukorossi  Gaertn    Sapindaceae    Tree    China  

   Sapium sebiferum  Roxb. a     Euphorbiaceae    Tree    China  

   Scheffl  era actinophylla  Harms    Araliaceae    Tree    Australia  

   Scheffl  era arboricola  Hayata    Araliaceae    Shrub    Taiwan  

   Schizolobium parahyba  (Vell.) Blake    Caesalpiniaceae    Tree    S.America  

   Scoparia dulcis  L    Scrophulariaceae    Herb    Tropical America  

   Sechium edule  (Jack.) Sw    Cucurbitaceae    Herb    Tropical America  

   Selenicerus grandifl orus  Briff . & Rose    Cactaceae    Shrub    Jamaica/Cuba  

   Sesamum orientale  L. a     Pedaliaceae    Herb    Probably Africa  

   Sesbania sesban  (L.)    Papilionaceae    America    S. Africa  

   Siegesbeckia marianum  (L.) Gaertn    Asteraceae    Herb    America  

   Silene alba  (Mill.) Krause    Caryophyllaceae    Herb    Europe, Africa & Asia  

   Solanum hispidum  Pers    Solanaceae    Shrub    Tropical America  

   Solanum torvum  Sw. a     Solanaceae    Shurb    S. America  

   Solidago canadensis  L    Asteraceae    Herb    N. America  

   Spathodea campanulata  Beauv    Bignoniaceae    Tree    Uganda  

   Spiraea prunifolia  Sieb. & Zucc    Rosaceae    Shrub    China  

   Spiraea cantoiensis  Lour    Rosaceae    Shrub    China  

   Stellaria media  (L.)Merr. a     Caryophyllaceae    Herb    Europe  

   Stenolobium stans  Seam    Bignoniaceae    Shrub    West Indies  

   Sterculia rupestris  Benth    Sterculiaceae    Tree    Australia  

   Swietenia macrophylla  King    Meliaceae    Tree    Honduras  

   Swietenia mahagoni  (L.) Jack    Meliaceae    Tree    West Indies  

   Tabebuia pentaphylla  Hemsl    Bignoniaceae    Tree    West Indies  

   Tagetes erecta  L    Asteraceae    Herb    Mexico  
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they fi nally go extinct (Krauss et al.  2010 ). This delay in 

extinction is referred as relaxation time (Diamond  1972 ) 

and the phenomenon that declining populations will go 

extinct in fragmented/degraded habitats has been described 

as “extinction debt” (Tilman et al.  1994 ). Long-lived spe-

cies are expected to have higher probability of showing time 

delayed extinctions compared to short-lived species (Morris 

et al.  2008 ) and habitat specialized species are more likely to 

get extinct faster compared to generalized species. Driven by 

rapid human population growth and intense developmental 

activities, agriculture expansion in marginal forest areas and 

human settlements, ecosystem fragmentation has increased 

in the Himalayan region in the past few decades (Rao and 

Pant  2001 ; Tiwari  2008 ; Lele and Joshi  2009 ). As per the 

census report 2011 (  http:// www. censu s2011. co. in/ states. 

php    ) there is signifi cant increase in human population in 

the Himalayan states (Jammu and Kashmir 23.6%, Himachal 

Pradesh 12.9%, Uttarakhand 18.8%, Sikkim 12.9% and 

Arunachal Pradesh 26.9%), which is likely to pose serious 

threat to natural vegetation cover. Over the coming few dec-

ades, the Government of India aims at constructing around 

292 dams throughout the Indian Himalaya, doubling current 

hydropower capacity and contributing ~ 6% of the projected 

energy needs by 2030 (GOI  2008 ). Because of such exten-

sive developmental activities land cover dynamics is acceler-

ated in the Himalayan region. The natural landscapes have 

been (are being) extensively modifi ed resulting in a mosaic 

of man-made and natural landscapes with poor species com-

position (Behera et al.  2002 ). The high density forests are 

getting converted in to low density forest due to heavy biotic 

pressure and many low density forests closer to habitations 

are being converted into agriculture fi elds (Joshi and Gai-

rola  2004 ; Bharali and Khan  2011 ). The growing impact of 

such ecosystem fragmentation on decline of plant species 

richness is likely to increase many fold with the synergis-

tic factors such as global change including climate change 

(Krosby et al.  2010 ), invasive species (Didham et al.  2007 ; 

Gibson et al.  2013 ) altered disturbance regimes (Cochrane 

Table 3    (continued)
  Species name    Family    Habit    Origin  

   Tagetes minuta  L    Asteraceae    Herb    S. America  

   Talinum paniculatum  (Jacq.) Gaertn    Protulacaceae    Herb    America  

   Tamarindus indica  L    Caesalpiniaceae    Tree    Ethiopia/Central Africa  

   Taxodium distichum  L    Taxodaceae    Tree    Florida  

   Taxodium mucronata  Tenore    Taxodaceae    Tree    Mexico  

   Tecoma gaudichandi  DC    Bignoniaceae    Shrub    Colombia  

   Tecoma stans  (L.) H.B.K    Bignoniaceae    Tree    S. fl orida/S. America  

   Terminalia calamansanai  Rolfe    Combretaceae    Tree    Mayanmar  

   Terminalia oliveri  Brandis    Combretaceae    Tree    Mayanmar  

   Terminalia sericea  Burch. ex DC    Combretaceae    Tree    S. Africa  

   Tetraclinus articulata  Mast    Cupressaceae    Tree    Algeria  

   Tetrapanax papyrifera  (Hk) Koch    Araliaceae    Tree    China  

   Thecagonum ovatifolium  (Cav.) Babu    Rubiaceae    Herb    Japan & Asia  

   Thevetia peruviana  (Pers.) K. Schum    Apocynaceae    Shrub    America  

   Thuja occidentalis  Bailey    Cupressaceae    Tree    Canada/U.S.A  

   Thuja orientalis  L. a     Cupressaceae    Tree    China  

   Tipuna speciosa  Benth    Papilionaceae    Tree    Argentina  

   Torenia fournieri  Linden ex Fourn    Scrophulariaceae    Herb    Cochinchina  

   Trachcycarpus fortuni  (Hk.) Wendl    Arecaceae    Tree    China/Japan  

   Trifolium hybridum  L    Papilionaceae    Herb    Europe & Asia  

   Trifolium resupinatum  L    Papilionaceae    Herb    Europe & Asia  

   Tristania conferata  R.Br    Myrtaceae    Tree    Australia  

   Urena lobata  L    Malvaceae    Shrub    Africa  

   Verbena bonariensis  L    Verbenaceae    Shrub    Tropical America  

   Vigna faba  L    Papilionaceae    Herb    W. Asia  

   Vitis heyneana  Roem. & Schult    Vitaceae    Climber    China  

   Washingtonia fi lifera  Wendl    Arecaceae    Tree    Arizona /California  

   Wisteria sinensis  Sweet    Papilionaceae    Climber    China  

   Xanthium strumarium  L. a     Asteraceae    Herb    Europe  

  a    Naturalized and widely cultivated exotics 
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and Laurance  2002 ) and many other associated factors. Frag-

mentation aff ecting the access to many ecosystem services 

might ultimately push landscapes past tipping points, beyond 

which essential ecosystem services are not merely dimin-

ished but even lost completely (Keitt  2009 ) and failure to 

mitigate these impacts could lead to widespread biodiversity 

declines (Butchart et al.  2010 ). 

    Biodiversity predictions 

 Accurate forecasts of climate change impact on biodiversity 

are required for natural resource management and conserva-

tion (Botkin et al.  2007 ; Pereira et al.  2010 ). Several bio-

climatic models have been used to predict distribution of 

species against the climate change. However, there is little 

consensus on the ability of models performance on species 

response to climate change (Thuiller et al.  2005 ; Lawler 

et al.  2006 ). Model results indicate that many plants and ani-

mals will go extinct in the twenty-fi rst century with climate 

change and there could also be a large-scale dieback in tropi-

cal rainforests (Huntingford et al.  2008 ). However, the model 

projections need to be taken cautiously as models often do 

not consider the full acclimation capacity of plants and ani-

mals (Botkin et al.  2007 ). There also lies diffi  culty in model 

performance testing that against what the model outputs 

should be verifi ed (Araújo et al.  2005 ). Backward predic-

tions (hindcast) should provide suitable option to verify the 

model outputs (Araújo and Rahbek  2006 ). In this approach 

models are calibrated with current species-climate relation-

ships and are then tested with reconstructed species distri-

butions from the fossil record. The basis of this approach 

lies in the principle that the climatic requirements of spe-

cies remain stable over time (Graham et al.  2004 ). Species 

distribution model study for Sikkim Himalaya have shown 

that 16% of the endemic angiosperm species are likely to 

lose their potential habitat and meadows might shrink about 

1% with the expansion of shrub lands by 2050 (Manish 

et al.  2016 ). Loss of herbaceous communities could bring 

a serious blow to the important medicinal genetic resource 

as many herbaceous high elevation endemic species are of 

high medicinal value (Rai et al.  2000 ). 

    Conclusions 

 Climate change is one of the major concerns in the IHR 

for its signifi cant impact on ecology, and environment. A 

wide range of vegetation with rich biodiversity consisting 

of endemic and progenitor plant species in narrow geo-

graphic provinces in the Himalaya make it unique for the 

socioeconomic development of the local and downstream 

regions. Climate change and climate associated disasters; 

habitat destruction, land-use/cover change, land degrada-

tion, and forest fi re have adversely aff ected plant biodiver-

sity of the IHR. Studies on environmental change impact on 

biodiversity changes in the recent past in the IHR, though 

limited, have revealed changing growth behavior of plant 

species and range shifts. High elevation regions which are 

highly sensitive to climate change have shown range shift 

of plants, however, the shifts are species and site idiosyn-

cratic. Thermophilic plant species are found to be shifting 

to higher elevations in response to warming. If such range 

shifts continue thermophilic summit species may not have 

place to migrate further and could get diminished/extinct if 

the climate change trend goes unabated. Ex-situ conserva-

tion of such threatened species could be the only way to 

save them before they get permanently lost. However, the 

relative sensitivity of species, which might lead to changes 

in species population/abundance over time, is not well 

known. Observational plots are required to be established 

across the elevations for long-term ecological monitoring in 

the Himalayan region. The response of cold loving species 

in the Himalayan region is still not well known as precise 

information on climatic response of species is least avail-

able. Growth ring studies should provide valuable alterna-

tive option to precisely understand the climatic variables 

controlling plant growth in the hostile terrains of the high 

Himalaya where eco-physiological parameters are diffi  cult to 

monitor largely due to the lack of logistics. Growth rings in 

herbaceous dicots growing in alpine and nival zones should 

provide valuable information on precise chronology of range 

shifts of plants associated with environmental change. 
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