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I ntroduction

The Himalayan region is the planet's highest et¢esys and home to the world's diverse and unique
genetic diversity. India’s recognition as a ‘megadiversity’ country derives partly from the Himgka
distinguished as a global biodiversity ‘hotspot’estin out of 6000 endemic plant species, 2532 speci
occur (Rao, 1994). The floristic diversity accoglio Nair (1977) 35% consist of South-East Asian &
Malayan, 8% temperate, 1% steppe, 2% African andviditerranean and Iranian elements. Owing to
huge temporal and spatial variations in its climated physiographic conditions, the Western Himalaya
region houses five agro-ecosystems out of 21 agpeystems exists in India (Sehgal et 3890). The
floristic diversity is further enriched through ety of traditional agro-ecosystems, human ethaaes
and other wild forms. The mountain flora has evdlumder the extremities of weather particularly the
low temperature and toady the same flora is urfteirtfluence of climatic warming. It is a paradtuatt

an ‘improvement’ in conditions which were thought as ‘harsh’ before, is suddenly considered
dangerous (Korner, 2009). Thus, the real issuéas the ongoing and expected climatic changes are
much faster than what evolution and migration asmmonly able to track. The scientists have found
‘mountain regions’ as excellent laboratories talgtthe impact of climate change because no othegiesi
region in the world provides a better picture otistural variation of vegetation under the influeraf
altitude. This paper is based on preliminary stadienducted on the impact of rising temperature and
altered precipitation/snow on vegetation structimeluding alien invasive weeds, alterations in
phonology of plants and rejuvenation ability of ®otemperate species. The study is still continting
come out with more valid conclusion on the impdatlnate change on the vegetation structure.

Physiographic featur es of the Western Himalayan region

The Western Himalaya have four major physiograpt@gions, namely(i) Shivalik hills or outer
Himalaya (up to 1000m); (ii) Middle or lesser Himgh (~60 to 80km wide and altitude averaging
2000m); (iii) inner or greater Himalaya (~120 to0kvh in width and altitude averaging 3500m, and (iv)
Trans-Himalayan region (~40km wide and includesl,atemperate areas of Ladakh Division, upper
Kinnaur, Lahual-Spiti, Bharmour and Pangi in Charaloal beyond Niti and Mana in Chamoli and
Uttarakashi in Uttarakhnad. These are further suvided into ten sub zones (Sidbual., 1997) based on
rainfall, potential evaporation, actual evaporati@mgth of crop growing in agriculture, soils awedter
hydrology. The region is, however, comparativeliedrhence characterized by drought hardy and cold
loving plants.

Floristic diversity

The variation in altitude, climate, topography auhphic conditions, account for nine major forgpes
out of the total 16 types that occur in India (Cp#on and Seth, 1968). The vegetation comprising
evergreen forests with pure stands of deodzedrus deodara) fir (Abies pindrow), spruce Picea
smithiana), blue pine Pinus wallichiana) and also found mixed with Ban oakQuercus
leucotrichophora) Moru oak Quercus himalayana), Kharsu oak Quercus semicarpifolia),
Rhododendron, Juniper am#tula in the temperate to sub alpine region. In the Sky#he vegetation
comprisesAcacia forest andBauhinia species, mixed with semi evergreen forest and agieial chir
pine Pinus roxburghii) while broad leaved are dominated 8yorea robusta with Dalbergia sissoo,
Mallotus philippinensis, Toona ciliata, Eucalyptus, Ficus sp ,Jacaranda sp., and some fruit plantations.



Agro-forestry specie liké&rewia speciesMorus species Bamboos, Bombax ceiba, Albizia siris, Celtis
australis are important in the agricultural landscape.

Under storey vegetation dominated by shrub spetiels ad antana camara, Carissa spinarium,
Murraya koenigii, Myrsine Africana, Berberis asiatica, Rubus dlipticus, Justicia adhatoda, Dodonea
viscosa, Juniperus communis and Rosa webbiana. Among herbs, many essential oils yielding and
medicinal plants such a@sonitum species Dactylorhiza hatagirea, Picrorhiza kurrooa, Rheum australe,
Ephedra gerardiana, Hyoscyamus niger, Atropa acuminata, Podophyllum hexandrum, Saussurea lappa,
Gentiana kurroo and other grass and weedy plant species Bgeratum conyzoides and Parthenium
hysterophorus, Cynodon, Arundinaria, Bothriochloa, Chrysopogon, Cymbopogon, Casia and many
flowering annuals dominate the vegetation.

The region is equally rich in domesticated plamddbiersity as it houses about 135 cultivated
plant species and 360 wild edible food plants, Whiay be source of fruits, flowers, flower budsves,
leafy tops, roots, stems or tubers etc (SharmaRamth, 2005). The important genera dominate the
domesticated species dpgrus, Prunus, Sorbus, Ribes, Rubus, Hordeum, Elymus, Eremopyrum, Avena,
Aegilops, Allium, Vicia, Lepidium, Carum, Bunium, Linum, Cicer, Cucumis and Trichosanthes. The rich
genetic variability also occur in wheat, maize eribarley, buckwheat, amaranth, chenopods, proso-
millets, field peas, lentil, faba bean, french baad rajmash.

Material and M ethods

The study sites were selected in Shimla and Kindésiricts where floral boundaries and/or floraiftsh

are visible and also represent areas with less huligiurbances. Since about decade, this region has
witnessed sea changes in the land use and cropatteyns. Further accurate records of plant digioh
before 100 yrs (Collet, 1902) for most of the ar@asng with meteorological data are available. Samgp
strata decided based on the differences in groerth,fphysiognomy and structure of the vegetatiah an
variation in dominant species (Mishra et al., 198B)irveys to sites were conducted and vegetation
analysis was carried out by laying random quadrdDa10 m size for trees layers and each quadrat wa
further subdivided into 5m x 5m and 1m x 1m sangbiés to examine the shrubs and herbs, respectively
The structured questionnaire to collect informatfiimm people on the change in vegetation and laed u
patterns due to climate change or anthropogentorfaalso prepared used.

Results and Discussion

The climatic factors such as temperature and ptatign change in a region beyond the tolerance of
species phenotypic plasticity, then distributiorarfpes of the species may be inevitable (Lynch and
Lande, 1993). There is already strong evidenceplzeit species are shifting their ranges in alétadd
latitude as a response to changing regional cleng®armesan and Yohe, 2003; Walther et al., 2002).
The present study showed that the hill ecosystemyigy vulnerable both due to geological reasamd a
increased anthropogenic pressures and these dffiagtsvell be exacerbated due to the impact of ¢kma
change occurring mainly through increased temperatnd altered precipitation patterns. Warmingdren
is evident from sayings of age-old households aast peferences; apt to mention few: “snowfall oscur
in Garhwal at 4000ft whereas in extreme west Hiyalét is still lower” (Hooker and Thompson, 1855),
“If there is no rainfall, Shimla temperature raises high as 26.7°C in shade” (Thompson c. 1840 in
Collet, 1902), “Spring begins in Shimla in AprilGéamble c. 1890 in Collet, 1902), etc,. In contrast,
presently in western Himalaya, temperate belt rarigegm 1800m (lowest altitude of possible snowfall)
to 3700m asl (where tree-line ceases), temperges up to 30°@nd spring starts in second fortnight
of March. The climatic records of Shimla show warghof 0.54°C in the past 100 years (Dubey et al.,
2003). Mean annual temperature of@3and 12 frost free days are added for the pasty@@fs 1900-
1999 in Skardu region of Pakistan (Archer, 2001).



Upward shift of plant species and change in composition

In this context, it was observed that many typteahperate species reported a century back as commo
are not at all traceable in their original localitgther found either in their upper limit or ocairhigher
elevation than the original locality and/or with rghken distribution. For instancefconitum
heterophyllum, Lilium polyphyllum, Sorbus lanata, Swvertia chirayita, Androsace spp., etc. as frequented
by Collet in 1902 in and around Shimla hills are¢ being observed now. Instead, they are found @t 60
800m above. Three plants viconitum heterophyllum, Lilium polyphyllum, and Swertia chirayita were
searched for three years in their mentioned looafibut we could not collect even a single plamisT
excludes the impact of human factor because socagidns still have zero external disturbances.t$if
cultivation of apple towards higher elevation doereéduced chilling hours and cultivation of cabhage
peas, and other flowers and vegetables because@ased temperature and consequently lengthened
growing period in cold arid region also witnessieel thange in cropping patterns. This supportsltimc
that rising temperature and poor chilling has cduséft and change in cropping patterns.

Many of the lower elevation plants now occur inhdg altitudeviz. Pinus longifolia (100yrs back
upper altitude in record is 1800 vs. current 22Q0Ngodfordia fructicosa (1500 vs. 2000mBoehmeria
platyphylla (1500 vs. 2200m), etc. Also rise in tree-line v&dent from few plants such &3otoneaster
microphylla (3700 vs. 4400m)Betula utilis (3500 vs. 4000m)Pinus wallichiana (3000 vs. 3800m).
Evidence of upward migration of vascular plants gndgressive replacement of cold temperate
ecosystem by Mediterranean ecosystem was obsetu@ghamountain sites in the Alps (Penuelas and
Boade, 2003). Upward movement and subsequent ealibom as regular member especially of families
such as Caryophyllaceae, Compositae and Chenopadizcat higher elevation was observed in north-
western Himalayan region (Mani, 1978). Dulewl. (2003) observed higher rate (19m/decade on south
and 14m/decade on north slope) of upward shifPiafis wallichiana at Saram, Parbati valley (HP) in
comparison to other species records in Alps aneldisre, where maximum upward migration has been
recorded to be around 4m/decade (Grabherr et94;McCarthy et al., 2001). Long term distributdn
changes in plants due to climatic change were tegdry many workers (Ross et al., 1994; Sturm.et al
2001; Chapin et al., 1995; Turner, 1990; Warren Migdling, 1993). According to Coope (1995), most of
the species appeared to shift their distributianugh tracking the changing climate, rather thayisg
stationary and evolving new form. It is predictbdttclimate change will remain one of the majovehs
of biodiversity patterns in the future (Sala et200; MEA 2005 and Pressey et al. 2007) and middle
zones would be of great importance for identifypagsible future boundary shifts and predictingftiie
of species in the higher altitudes (Kazakis et2§106).

On the contrary, the species inhabiting alpine togke cold arid region are narrowly distributedia
have limited scope to march upwards with the teatpee rise, thus facing highest risk of extinction.
Species depending on snow cover for protection @vbel exposed to frost (being experienced in Sangla
valley for the last 2-3 years), and others whichuree winter chilling for bud-break may not get
sufficiently low temperature over sufficiently lopgriod (Benniston 2003, Parmesan and Galbraitd.200
For instance, important economic plants of alpine eold arid region such as sea buckthéfipgophae
sp.), BhojpatraBetula utilis), Cotoneaster sp. Juniper sp.,Cicer microphyllum, Linum perenne, Arnebia
benthamii, Nordostychus jatamans etc. are narrowly distributed thus are highly vuliee. It is further
argued that these species lacks suitable corridarsove in the response of changing weather camditi
Under the circumstances, it will likely be critidal protect migration corridors and elevation geads or
even conservationists will likely need to transplsmme rare species to new locations — eitheramiifd
or in botanic gardens — that have appropriate ¢énc@nditions. The rhododendrons and other woody
species of lower ranges have begun to invade afpgedows, thus composition of plants in meadows is
certainly going to change. In brief, the alpinetbellikely to be affected by several factors imthg
glaciers melt, enhanced hydrological cycle, erosiod others mass movements, species migration and
more movements of people.



Change in phenological responses

Changing environments are expected to lead to @saingife cycle events, and these have been redord
for many species of plants (Parmesan and Yohe,)20G8y plant species are also responding to ceémat
change by advancing the onset of leaf burst, flowgerand fruiting, delaying leaf drop and insect
pollinated plants flowering earlier than wind podied plants (Fitter and Fitter, 2002; Willis et2008;
Menzel and Fabian, 1999; Menzel 2000). In somescéke Erigeron mutlicaulis, Thymus serphyllum
and Dicliptera bupleuroides, flowering period as mentioned by Collet (1902)‘FHhora Simlensis’ is
seemingly altered. The data recorded on differaarieties of peach, apple and kiwi showed that
flowering was considerably delayed in the year 2008n winter temperature was very low while it was
early in 2006 and 2009 when winters were compahtiwarmer (Table 1). The Rhododendrons
flowered in early February in 2009 than early tarMarch in previous years at Shimla. The overall
average advancement of flowering of 2.5 days watssttally related to a local increase in nigimei
temperature of 0.2-1°2 in 89 species (Abu-Asab et al., 2001).

Table 1. Minimum and maximum temperature and corresponding date of flowering in peach, apple
and kiwi from 2005-2009

Month Min. & Max. temperature (°C)

2005 2006 2007 2008 2009
December 6.8-16.3 2.4-16.8 3.5-15.9 8.5-17.5 10.8-1
January 0.4-11.7 4.1-12.5 0.8-20.5 -1.7-17.3 5.6-20
February 3.1-11.8 3.2-17.0 -0.2-18.1 -0.4-21.8 H B
March 7.3-17.9 7.5-21.3 0.2-25.8 8.2-23.1 10.0-27.4
Peach
Flordasun 4.2.2006 1.2.2006 14.2.2007 16.2.2008 .1.2809
Apple
Oragun spur 22.2.2005 18.3.2006 10.4.2007 15.8.200 2.3.2009
Kiwi 5.4.2005 1.4.2006 10.4.2007 12.4.2008 14.3.2009

Overall spring flowering events have advanced lohays over the past 60 years in Canada (Beaubien and
Freeland, 2000). In Boreal region, a 12 days lomggeening period was reported in a 20 year stuain fr
1981-1999 (Myneni et al., 1997, Zhou et al., 200d aucht et al., 2002) while in Japan cherries are
currently flowering earlier than they have at ampet during the previous 1200 years, probably the
longest annual record of phenology from anyplaghéworld (Richard et al., 2009).

Effects on regeneration of species

The temperate species in general require chillingtieerwise stratification (remained under snowZe$
months) of seeds to germinate. If such conditioesret met, the rejuvenation of species hammered
largely. The data collected on the number of sgpliand adult plants duercus leucotrichophora,
Rhododendron arboreum andCedrus deodara in the Shimla forests showed considerable redadtiaghe
number of saplings compared to adult trees (TaplénZhe alpine region, big trees are noticedhigirt
original distribution but not the saplings and flagenile stages in case &runus cornuta, Corylus
jacguemontii andPinus gerardiana. These species would find difficult to regenemate march upward in
such a situation. The poor winter precipitationoafammers seed germination of many species, for
instance, the number of individuals @fclanthera brachystachya (meetha karela) reduced significantly
in the year 2009 as compared to 2007 and 2008 beaafupoor precipitation in winter. Similarly, the
fruit set in temperate fruits was reduced by 40-8¥«ompared to normal years (observations made at
experimental farm of NBPGR RS Shimla). These clionariation have also been reported to cause new
genetic and morphological characters which cowdlten the evolution of new



Altitudinal range Plant Species No. of saplings No of adult tree

1500-2000 m Quercus leucotrichophora 28 154
Rhododendron arboreum 2 14
Cedrus deodara 18 40

2000-2500 m Quercus leucotrichophora 17 45
Rhododendron arboreum 6 20
Cedrus deodara 32 116

phenotypes within a particular population (Bor, @p8Ve noticed various morphological formshdélus
baccata, Vigna vexillata, Cotoneaster microphylla, Pyrus pashia in western Himalaya.

Alien invasive weedy species

Biological invasion of native flora in agricultuend forest land use, waste and community landsl roa
sides, railway tracks and wetlands is becomingnofdgasing concern worldwide, and may have gene pool
to ecosystem wide impacts (Drake et1889; Raybould and Gray 1994; Honig et al., 1992)e
convention on Biological Diversity (CBD) 1992 ha&tognized biological invasion as second worst threa
to biodiversity after habitat destruction (Jenkir®99); it may soon surpass the damage done byahabit
destruction and fragmentation (Reddy, 2008). Thik regions had not withessed much biological
invasions till 1970s, but in the last about 30 geidie three most invasive species \iantana camara
(lantana),Parthenium hysterophorus (congress grass) arferatum conyzoides (billygoat-weed) have
invaded and altered community structure and pojmumatlynamics of native flora and fauna of the
Shivalik hills. And scores of others lik&geratina
adenophora (crofton weed), Bidens pilosa (hairy
beggarticks), Polygonum  polystachyum  (the
Himalayan knotweed),Solanum chacoense (wild
potato) and Cyclanthera brachystachya (meetha N |
karela)are at an early stage of invasion even at higher %

Imyzson by Agemnem & Fanhanium (Tensity 1 Plg 1 o Comparstive Anafysis of Lan s inveson
{Density %

elevations, attributed mainly to rising temperature =«

The study showed that the individuals of speciks li
Lantana and Parthenium have not only outnumbered

the native vegetation but have shifted upwards. Vdgetation analysis in Shiwalik hills showed that
Lantana camara constituted 28.32% of the total shrub species whgeratum conyzoides (21.42%) and
Parthenium hysterophorus (20.51%) together accounted for 41.93% of thd totab species (Fig 1). The
populations of economic plants likgarissa spinarium, Adhatoda vasica, Dodonea viscosa, Cassia tora,
many grasses, medicinal herbs and wild flowersddsced significantly (Fig 1).

Adaptation strategies

With so many evidences of rising temperature, ttiuraent would be — what kind of adaptive
strategies we shall be looking for. Before, we jutbgformulate any adaptive strategy, the climate
change has to be understood holistically in teringause and affect’ relationship. Climate change
has been there in the history rather | would shg lovely planet mother earth’ is a result of cliena
change i.e. from a fire boll to cool and calm |IBpt, what happened in the last say 50 years that we
have become so worried? The climate change isdnaa ‘outcome or result’ of large number of
anthropogenic factors with which humanity is wedksed. At present, the rate at which demographic
and sociopolitical changes are taking place inamse to global changes is outstripping the abilfty
species, traditional approaches and coping meahanis respond. Therefore, any adaptive strategy
formulated without taking into consideration thesghropogenic factors, will not work to mitigate
the expected impacts of climate change.

Nevertheless, scientist need to identify severaitstrassociated with tolerance to abiotic
stresses and other phenmoics attributes. Subdtaatiation in root traits, water use efficiency,



amount of water transpired, transpiration efficigknosmotic adjustment, stem water soluble
carbohydrates, stay-green, and leaf abscisic aid heen reported in many plant species. There are
significant new demands for crop improvement progrees to combat climate change, focused on
the development of varieties with greater resistalevels to abiotic extremes and relevant to
problems and conditions 10-15 years down the liie.also need to develop high resolution models,
comprehensive and accurate set of data, accuragssasent of different ecological and weather
parameters, their frequency of re-occurrence ambildéy as well and construction of different
weather scenario over time, diagnostic studies winevability and adaptation to climate change in
the context of sustainable development, identificadf species specific climate sensitive ecoldgica
niches. Plant migrations suggest that some speudiédikely migrate to areas with appropriate
climates, but many plant species will not be ablenigrate fast enough to keep pace with current
rates of warming especially poor competitors, sgewiith narrow distribution (cold arid region) and
most of the high valued species have least addiptabience highly vulnerable. Particular attention
needs to be paid to those species on which peieplénbods are currently depend, and who would be
the least able to adapt in the absence of concprtblic action to the contrary. Domesticated plant
biodiversity need to be promoted and maintainedaom so that genes can continue to evolve, adopt
and respond to the expected climatic changes. éndigs diversity possessing genes and combination
of genes for desirable traits provide a buffer autip times of drought, flood and disease attacks.
Support farmers to continue developing locally aedpgenotypes though on farm management
which relies on farmers’ long practiced experimé&ataand knowledge. Conserve the optimum level
of diversity ex situ as backup / insurance to climate change and irggra@ommunication and
dissemination of knowledge of climate changes aibos to adapt to them
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