


Impact of Climate Change on Vegetation in High Altitudes of North Western Himalaya: A case study of Pinus wallichiana from Pangi Valley, Himachal Pradesh

Abstract
Climate change is one of biggest challenge to the world in 21st century. Climate is changing from Last Glacier Maxima (LGM), but after industrialization the rate of climate change has rapidly increased. Increase in CO2 level from 280 PPm (1960) to 495 PPm (2019) and global average surface temperature from 0.6 to 0.90 C (1.1 to 1.6° F) between 1906 and 2005, double increase in temperature for the last 50 years and the rise in global average surface temperature (1.50C) have caused rapid increase in the rate of climate change. The sub-alpine and alpine regions are very sensitive, and are also experiencing even greater increase in temperature. Therefore, the present study is an attempt to assess the Pinus wallichiana population in Pangi Valley of Himachal Pradesh, North Western Himalaya in relation to climate change. Circumference at Breast Height (CBH) class was taken as a criterion to assess the shift in Pinus wallichiana population along an altitudinal gradient. Shifting of vegetation was assessed on the basis of size class distribution of species in different size classes with respect to altitude. Survival rate and stress tolerance of seedlings and saplings in alpine region was assessed based on dry needles stage (%) and number of dead seedlings and saplings present in each quadrat. The study established a decrease in size class from temperate to sub – alpine region. Even, saplings and seedlings were recorded in the lower fringes of alpine region. The statistical analysis indicated that the seedlings of Pinus wallichiana showed maximum positive significant correlation with altitude (r= 0.321), indicating thereby, with increase in altitude the seedlings density also increased. Saplings of Pinus wallichiana also showed maximum positive significant correlation with altitude (r= 0.302), indicating thereby, with increase in altitude the saplings density also increased. Trees density in size class 100-150cm of Pinus wallichiana showed maximum negative significant correlation along an altitudinal gradient (r= -0.377), indicating thereby, with increase in altitude, the density of trees with diameter 100-150cm decreased. Seedlings of Pinus wallichiana showed maximum positive significant correlation with saplings (r= 0.962), indicating thereby, saplings density was dependent on seedlings density.The study also revealed that the survival rate decreased with the increasing altitude. The study clearly revealed the altitudinal shift of Pinus wallichiana in Pangi valley. This could be due to less snow fall, rainfall and increase in maximum and minimum temperature in Pangi valley, and can be related to the climate change. Regular monitoring of the temperate, sub – alpine and alpine vegetation in Pangi valley in relation to climate change is suggested to understand the vegetation dynamics and impact of climate change on vegetation and also on other natural resources.
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1. Introduction
Eighteen thousand years ago, whole of the earth was covered by glaciers named as last glacier maxima (LGM) (CLIMAP Project Members, 1976). The climate change was very slow process during the period of last glacier maxima but after industrialization a rapid increase shown in the rate of temperature. CO2 level has increased (280 PPm 1960) to (425.55 PPm 2024) (Mona Loa Observatory, 2024). Global average surface earth temperature increased up to (0.6 to 0.9° Celsius and 1.1 to 1.6° F) 1906 & 2005 and rate increased nearly doubled within last 50 years period (NASA, 2010) and 1.5° Celsius rose after industrialization. Alpines are phasing a signiﬁcant change in climatic condition over the past century and temperature increased up to 20C between 1901 and 2000 (Beniston et al., 1997); (Jones & Moberg, 2003 reported 0.70C increase in global average temperatures). In running century, alpine warming is projected to continue (IPCC, 2024), and prediction of average surface temperature may increase in the European countries mid-latitude of mountainous region about +2.90C and +5.30C at 2085 (Nogues-Bravo et al., 2007). 
A high mountain region of high latitudes is experiencing a greater increase in temperature in last 50 years. Increasing anthropogenic activities and rapid change in climatic variables shown the global and in particular, distribution with altitude of plant species communities is changing and subsequent reaction for climate sensitive species and communities are expected to shift towards high altitude (Walther, 2005). The cold alpine is a harsh ecosystem which observed as sensitive to climate change and global warming, because harsh alpine biodiversity adapted in low temperature (Korner, 1999) conditions. The global warming in alpine region results in the melting of snow covers (Valt &Cianfarra, 2010; Paul et al., 2004). The species in high altitude regions are experiencing to the higher level of threats (Anthelme et al., 2014; Walck et al., 1997; Engler et al., 2011; Pautasso et al., 2010; Hedhly et al., 2009). The climate change is directly accountable for changes in pattern of distribution, phenology and physiology of plant species (Grabher et al., 1994; Sandvik et al., 2004; Dalgleish et al., 2010; Lloret et al., 2004; Fay & Schultz, 2009; Dong et al., 2010; Walck et al., 2011). The altitudinal shift of diversity is an indicator of global warming (Lenoir et al., 2008). The dispersal of seed in greater altitude and their viability of germination and establishment in new region of high altitude are the main indicators of climate warming (Parolo & Rossi, 2008; Vittoz et al., 2009). The fresh seeds are collected from higher alpine region required higher temperature for their germination (Amen, 1966, Billings & Mooney, 1968). 
A few investigations on impact of climate change on biodiversity has been done in worldwide (Payette & Lavoie, 1994; Walther et al., 2005; Keller et al., 2000; Jentsch et al., 2003; Peñuelas and Boada, 2003; Gehrig‐Fasel., 2007; Jonas et al., 2008; Wallentin et al., 2008; Parolo and Rossi, 2008; Xu et al., 2009; Rammiget al., 2010; Lenoir et al., 2008; Khan et al., 2012; Gottfried, 2012; Jump et al., 2012; Felde et al., 2012; Brandt et al., 2013; Rigling, 2013; Anthelme et al., 2014; Riddle et al., 2014; Rashid et al., 2015; Schickhoffet al., 2016; Chakraborty et al., 2018; Dahal et al., 2021; Panda, 2022; Wani et al., 2023;Bandyopadhyay et al., 2023, etc.). A very few studies are available in the IHR on the impact of climate change on shifting of vegetation (Chettri et al., 2010; Telwala et al., 2013; Negi et al., 2012 & 2017; Misra et al., 2020; Tripathi, et al., 2022; Chauhan et al., 2022,etc.). 
Few investigations have been done on vulnerability assessment, structural and compositional changes of floristic diversity due to impact of climate change (Maikhuri et al., 2003;Sharma & Samant, 2013; Chakraborty, 2018; Bodh, 2018; Lal & Samant, 2019; Devi et al., 2019, Singh & Samant, 2020: Samant, 2021; Singh, 2022; Barman et al., 2021, etc.). The vegetation of Pangi valley is mainly temperate forests, deciduous broad leaved forests, scrubs and herbs of alpine region supporting a larger number of climate sensitive biodiversity. The recent study has been focused on following objectives (i) shifting of vegetation due to climate change (ii) survival rate and stress tolerance assessment of seedlings and saplings in alpine region of Pangi valley, District Chamba, Himachal Pradesh.

2. Material and Methods
2.1. Study Area
Present investigation was conducted during 2016-2022 in the Pangi valley which lies between 33004’56’’N latitude to 76020’11’’E longitude. The study area covers 1601 km2and falls between 2,100-6,200 m amsl. The valley is sandwiched between Pir Panjal and Great Himalayan or Jhanskar Ranges. The valley is featured with deep river valleys and steep mountains slope and exhibits temperate, sub-alpine and alpine vegetation. About 68% area falls in sub-alpine and alpine zones and remains snow bound during winter season. The temperature drops below the freezing point at -200C and the maximum temperature recorded is about 350 C in summer. Annual rain fall is recorded around 200-400mm/year. The valley supports rich storehouse of biodiversity classified into coniferous evergreen temperate forests and deciduous broad leaved forests, scrubs and herbs of alpine region supporting a larger number of sensitive biodiversity elements. 
The Pangi is a remotest valley under the sub-division of District Chamba, well known as the most beautiful high altitude area in the North-west Himalaya. The Chenab is one of the high-density water rivers flowing in narrow gorge and deep in the valley. It originates from Chander Tal of Lahaul-Spiti district and enters in the valley at Karhu Nala. The valley is classified in Purthi, Sach Killar, Kumar-Parmar and Sechu Nala Forest Divisions and known for its beautiful natural, unique, diverse habitats, harsh climatic conditions and rich biodiversity. The valley is closed during winter season (November to April) due to heavy snow fall. The vegetation of the valley is mainly temperate forests, deciduous broad leaved forests and scrubs and herbs of alpine region supporting a larger number of sensitive biodiversity elements. The vegetation of this harsh and cold climatic condition is sensitive to climate change. 
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[bookmark: _GoBack]Fig.1. Map of Study Area
2.2. Surveys and Samplings Method
The Pinus wallichiana species were assessed during 2015 to 2022. 41 plots of 50x50m were laid in each and every site. Within each site, trees (cbh>31.5cm), Saplings (10.5-31.4cm) and saplings (cbh<10.5 cm) were sampled by randomly placed 10 quadrats of 10x10m (Saxena & Singh, 1982; Samant, 2021; Joshi & Samant, 2004; Dhar et al., 1997). Shifting of vegetation was assessed on the basis of size class distribution of species in different size classes with respect to altitude following Shrestha & Ghimire (2007); Rocky &Mligo (2012); Bodh (2018), Devi et al. (2019); Barman et al. (2020); Samant (2021); Singh (2022); etc.). The assessment of survival rate and stress tolerance of seedlings and saplings in alpine region is based on dry needles stage (%) and number of dead seedlings and saplings present in each quadrat.
3. Results
3.1. Density of Pinus wallichiana trees
Considering the altitude, maximum total trees density, 37 Ind/2500m2 was found at 3269m, followed by 30 Ind/2500m2 at 2761m, 27 Ind/2500m2 at 3233m, 26 Ind/2500m2 at 3150m, 25 Ind/2500m2 at 3415m, 24 Ind/2500m2 at 3005m, 23 Ind/2500m2 at 3192m, 21 Ind/2500m2 at 2973m, 20 Ind/2500m2 at 3090m, 19 Ind/2500m2 at 2195m, and 3457m, each and minimum trees density 0.00 Ind/2500m2 at 3750m, 3881m and 3936m, each (Table 1 and Fig.2).

3.2. Size Class Wise (CBH) Density of Pinus wallichiana
Along an altitudinal gradient, the maximum density, 10 Ind/2500m2 was found in size class (>200cm) at 3005m, followed by 08 Ind/2500m2 at 3005m, 06 Ind/2500m2 at 3233m, 05 Ind/2500m2 at 2973m and none of mature trees were found in the size class (>200cm) between 3491m and 3936m (Table 1 and Fig.2).
In size-class, 151 -200cm.maximum density, 14 Ind/2500m2 was found at 3150m, followed by 11 Ind/2500m2 at 3192m and 3230m, each, 07 Ind/2500m2 at 3065m, 06 Ind/2500m2 at 2963m, 2973m and 3191m, each and none of the individuals were found in the size class (>150-200cm) between 3555m and 3936m (Table 1 and Fig.2).
In size-class,101 -150cm, maximum density, 09 Ind/2500m2was found at 2761m, followed by 08 Ind/25002 at 3192m, 06 Ind/2500m2 at 3191m, and 3457m, each, and 05 Ind/2500m2 at 3195m, 2915m, 3150m, 3279m and 3451m, each and none of the individuals were found in the size class (>100-150cm) from altitude of 3491m to 3936m (Table 1 and Fig.2).
In size-class, 31.5-100cm, maximum density, 26 Ind/2500m2 was found in size class (31.5-100cm)at 3279m, followed by 21 Ind/2500m2 at 3415m, 19 Ind/2500m2 at 3233m, 13 Ind/2500m2 at 2761m, 11 Ind/2500m2 at 3457m, 09 Ind/2500m2 at 3005m and 3090m, each, 08 Ind/2500m2 at 2915m, 06 Ind/2500m2 at 2973m, 3192m and 3474m, each and none of the individuals were found in the size class (>34.5-100cm) between 3750m and 3936m (Table 1 and Fig.2).



3.3. Saplings density of Pinus wallichiana
Maximum saplings density, 63 Ind/2500m2 was found between the size class (10.6-31.4cm)at 3600m, followed by 55 Ind/2500m2 at 3455m, 23 Ind/2500m2 at 3090m and 3233m, each, 20 Ind/2500m2 at 3415m, 16 Ind/2500m2 at 3555m and 3583m, each, 15 Ind/2500m2 at 3285m, 14 Ind/2500m2 at 3230m, 13 Ind/2500m2 at 2963m, 12 Ind/2500m2 at 3150m, 3279m and 3936m, each (Table 1 and Fig.2). 

3.4. Seedlings density of Pinus wallichiana
Maximum seedlings density, 66 Ind/2500m2 was found between the size class 0.00 and10.5cmat 3600m, followed by 64 Ind/2500m2 at 3455m, 31 Ind/2500m2 at 3233m,28 Ind/2500m2 at 3233m,25 Ind/2500m2 at 3583m,22 Ind/2500m2 at 3090m, 21 Ind/2500m2 at 3124m, 18 Ind/2500m2 at 3230m and 3555m, each,15 Ind/2500m2  at 3150m, 3279m and 3639m, each,13 Ind/2500m2 at 3191m, 11 Ind/2500m2 at 2963m, 3034m and 3065m, each (Table 1 and Fig.2).

Table 1. Size-class wise density of Pinus wallichiana along an altitudinal gradient in Pangi valley
	Site
No.
	Altitude
(m)
	Density (Ind/25002) in size-class (cm)

	
	
	I
(0-10.5)
Seedlings
	II
(10.6-31.4)
Saplings
	III
(31.5-100)
	        IV           
(101-150)
	V
(151-200cm)
	VI
(>200cm)

	1
	3936
	15
	12
	0
	0
	0
	0

	2
	3881
	2
	0
	0
	0
	0
	0

	3
	3750
	10
	8
	0
	0
	0
	0

	4
	3701
	7
	3
	3
	0
	0
	0

	5
	3600
	66
	63
	2
	0
	0
	0

	6
	3583
	25
	16
	7
	0
	0
	0

	7
	3555
	18
	16
	2
	0
	0
	0

	8
	3491
	7
	5
	1
	0
	3
	0

	9
	3486
	8
	4
	3
	1
	1
	2

	10
	3474
	10
	6
	6
	3
	2
	0

	11
	3457
	7
	4
	11
	6
	1
	1

	12
	3455
	64
	55
	1
	1
	0
	0

	13
	3451
	3
	2
	3
	5
	4
	4

	14
	3415
	21
	20
	21
	4
	0
	0

	15
	3285
	28
	15
	1
	0
	0
	0

	16
	3279
	15
	12
	26
	5
	4
	2

	17
	3272
	5
	6
	5
	1
	0
	1

	18
	3258
	7
	4
	1
	3
	5
	1

	19
	3233
	31
	23
	19
	0
	2
	6

	20
	3230
	18
	14
	2
	2
	11
	3

	21
	3203
	3
	8
	1
	2
	0
	2

	22
	3192
	5
	8
	6
	2
	2
	1

	23
	3192
	0
	0
	3
	8
	11
	1

	24
	3191
	13
	6
	3
	6
	6
	0

	25
	3150
	15
	12
	7
	5
	14
	0

	26
	3124
	21
	7
	5
	2
	1
	2

	27
	3090
	22
	23
	9
	4
	3
	4

	28
	3065
	11
	10
	3
	6
	7
	0

	29
	3034
	11
	8
	0
	0
	0
	1

	30
	3005
	6
	4
	9
	4
	1
	10

	31
	2973
	3
	5
	6
	4
	6
	5

	32
	2963
	11
	13
	2
	5
	6
	0

	33
	2926
	4
	6
	2
	1
	0
	1

	34
	2915
	8
	6
	8
	5
	2
	3

	35
	2791
	2
	2
	0
	2
	1
	2

	36
	2761
	0
	0
	13
	9
	5
	3

	37
	2640
	7
	2
	1
	1
	1
	4

	38
	2352
	9
	2
	1
	0
	4
	2

	39
	2228
	0
	1
	0
	0
	0
	0

	40
	2251
	2
	3
	2
	1
	0
	0

	41
	2195
	8
	5
	3
	5
	3
	8



[image: ]Fig.2. Seedlings, saplings and trees density (Ind/25002m) along an altitudinal gradient



4. Survival rate assessment
4.1 Survival (%) of seedlings
[bookmark: _Hlk177645959]Total 15 Ind/2500m2 seedlings density was found at 3936m. Of the total, maximum 09 Ind/2500m2 (>70%) were found in dry stage, followed by 04 Ind/2500m2 (60-70%), minimum 02 Ind/2500m2 (50-60%), and none of the seedlings were found between 40% and 50% and <35% dry needles stage.
At 3881m, total 02 Ind/2500m2 seedlings density was found. Of the total, maximum 02 Ind/2500m2 (>70%) were found in dry needles stage and none of seedlings were found under 60-70%, 50-60%, 40-50% and <35% dry needles stage. 
At 3750m, total 10 Ind/2500m2 seedlings density was found. Of the total, maximum 04 Ind/2500m2 (>70%) were found in dry needles stage, followed by 03 Ind/2500m2 (60-70%), 02 Ind/2500m2 (50-60%), and minimum 01 Ind/2500m2(40-50%) was found in dry needles stage, and none of the seedlings were found in<35% dry needles stage. 
At 3701m, total 07 Ind/2500m2 seedlings density was found. Of the total, maximum 04 Ind/2500m2 (>70%) were found in dry stage, followed by 02 Ind/2500m2 (60-70%), 01 Ind/2500m2 (50-60%), and none of the seedlings were found in 40-50% and <35% needles dry stage. 
At 3600m, total 66 Ind/2500m2 seedlingsdensity was found. Of the total, maximum 29 Ind/2500m2 (<35%) were found in dry needles stage, followed by 14 Ind/2500m2in 40-50% dry needles stage, 11 Ind/2500m2 in 50-60% dry needles stage, 07 Ind/2500m2in 60-70% dry needles stage), respectively, and minimum 04 Ind/2500m2 (>70%) dry needles stage. 
At 3583m, total 25 Ind/2500m2 seedlings density was found. Of the total, maximum 13 Ind/2500m2 were found in <35% (Survived) needles dryness stage, followed by 05 Ind/2500m2 in 40-50% dry needles stage, 03 Ind/2500m2 in 50-60% dry needles stage, 02 Ind/2500m2 in 60-70% dry needles stage and minimum 02 Ind/2500m2 in>70% dry needles stage. 
At 3555m, total 18 Ind/2500m2 seedlings density was found. Of the total, maximum 10 Ind/2500m2 (<35% survival) were found in dry needles stage, followed by 04 Ind/2500m2 in 40-50% dry needles stage, 03 Ind/2500m2 in 50-60% dry needles stage and minimum 01 Ind/2500m2 in 60-70% dry needles stage and none of seedlings in >70% (Dead) dry needles stage. 

Table 2. Survival rate (%) of seedlings along an altitudinal gradient in Pangi valley
	Site No.
	Altitude (m)
	Seedlings

	
	
	Total
	Dry Needles Stage (%)

	
	
	
	Survived (<35)
	40-50
	50-60
	60-70
	>70 (Dead)

	1.
	3936
	15
	0
	0
	02
	04
	09

	2.
	3881
	2
	0
	0
	0
	0
	02

	3.
	3750
	10
	0
	01
	02
	03
	04

	4.
	3701
	7
	0
	0
	01
	02
	04

	5.
	3600
	66
	   29
	14
	11
	07
	05

	6.
	3583
	25
	13
	5
	3
	2
	2

	7.
	3555
	18
	10
	4
	3
	1
	0


4.2. Survival (%) of saplings
At 3936m, total 12 Ind/2500m2 saplings density was found. Of the total, maximum 07 Ind/2500m2 were found in >70% (Dead) dry needles stage, followed by 03 Ind/2500m2 in60-70%, and minimum 01 Ind/2500m2 in 50-60% dry needles stage and none of saplings were found under 40-50% and <35% dry needles stage. 
At 3881m, none of the saplings were found in the altitude of 3881m. At 3750m, total 08 Ind/2500m2 saplings density was found. Of the total, maximum 04 Ind/2500m2 were found in >70% (Dead) dry needles stage, followed by 02 Ind/2500m2 in 60-70% and 50-60%, each dry needles stage, minimum 01 Ind/2500m2 in 40-50% dry needles stage and none of the saplings were found under <35% dry needles stage. 
At 3701m, total 03 Ind/2500m2 saplings density was found. Of the total, maximum 01 Ind/2500m2 was found in >70% (Dead) dry needles stage, followed by 01 Ind/2500m2 in 60-70%, and minimum 01 Ind/2500m2 in 50-60% dry needles stage and none of the saplings were found under 40-50% and <35% dry needles stage. 
At 3600m, total 63 Ind/2500m2 saplings density was found. Of the total, maximum 36 Ind/2500m2 were found in <35% (Survived) dry needles stage, followed by 11 Ind/2500m2 in 40-50%, 08 Ind/2500m2 in 50-60%, 05 Ind/2500m2 in 60-70%, and minimum 03 Ind/2500m2 in >70% dry needles stage. 
At 3583m, total 16 Ind/2500m2 saplings density was found. Of the total, maximum 11 Ind/2500m2 were found in <35% (Survived) dry needles stage, followed by 02 Ind/2500m2 in 40-50%, 01 Ind/2500m2, each in 50-60%, 60-70% and >70% dry needles stage.
At 3555m, total 16 Ind/2500m2 saplings density was found. Of the total, maximum 12Ind/2500m2 were found in <35 (Survived) dry needles stage, followed by 02 Ind/2500m2 in 40-50%, 01 Ind/2500m2, each in 50-60% and 60-70% dry needles stage and none of saplings were found in >70% (Dead) dry needles stage. 

Table 3. Survival rate (%) of saplings along an altitudinal gradient in Pangi valley
	Site No.
	Altitude (m)
	Saplings

	
	
	Total
	Dry Needles Stage (%)

	
	
	
	Survived (<35)
	40-50
	50-60
	60-70
	>70 (Dead)

	1.
	3936
	12
	0
	0
	01
	03
	07

	2.
	3881
	0
	0
	0
	0
	0
	0

	3.
	3750
	8
	0
	01
	02
	02
	04

	4.
	3701
	3
	0
	0
	01
	01
	01

	5.
	3600
	63
	    36
	11
	08
	05
	03

	6.
	3583
	16
	11
	02
	01
	01
	01

	7.
	3555
	16
	12
	02
	01
	1
	0
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	Altitudinal shift of Pinus wallichiana at Kuthal Dhar (3936m)
	Altitudinal shift ofPinus wallichiana saplings and seedlings at Chasak-Bhatori Dhar (3750m)
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	Pinus wallichiana saplings at Kuthal Dhar (3936m)
	Altitudinal shift ofPinus wallichiana saplings and seedlings at Kumar Dhar (3750m)


Fig.3. Synoptic view showing shifting of Pinus wallichiana in Pangi valley
5. Discussion
Himalayan region, particularly the sub – alpine and alpine zones are very sensitive to climate change. These regions are experiencing greater increases in temperature, mainly in the last 50 years due to increase in anthropogenic activities and changing climatic conditions. The increase in maximum and minimum temperature in these zones has caused receding of glaciers, altitudinal shift of seedlings and saplings of trees, compositional changes of vegetation, change in rainfall and snow fall patterns and change in the biological cycle of flowering plants due to climate change. (Maikhuri et al., 2003; Sharma & Samant, 2013; Chakraborty, 2018; Bodh, 2018; Lal & Samant, 2019; Devi et al., 2019, Singh & Samant, 2020: Samant, 2021; Singh, 2022; Barman et al., 2021, etc.). Altitudinal distribution of plant communities is likely to change and a subsequent reaction of climate sensitive species and ecosystems are expected to shift towards high altitude (Walther, 2005). The trees density was found between 2195 and 3701m. In the altitudes between 3701 and 3936m, only fresh seedlings and saplings were found and none of trees were found. Fresh and newly established seedlings and saplings at 3701m and 3936m indicate the shifting of Pinus wallichiana due to favorable climatic condition in the high altitude of Pangi valley, Himachal Pradesh. The density in size class (>200cm) of Pinus wallichiana was found between the altitude of 2195 and 3491m showing that, with increase in altitude, the diameter of trees is decreasing. The density in size class (>100cm) of Pinus wallichiana was found between the altitude of 2195 and 3555m also showing that with increase in altitude, the diameter of trees is decreasing. Decrease in diameter of trees with increasing altitude shows clear shift indicating establishment of Pinus wallichiana community in the higher elevations of the Pangi Valley. Seedlings of Pinus wallichiana shows maximum positive significant correlation with altitude (r= 0.321), indicating thereby, with increase in altitude the seedlings density also increases. Saplings of Pinus wallichiana also showed maximum positive significant correlation with altitude (r= 0.302), indicating thereby, with increase in altitude, the saplings density also increased. Both seedlings and saplings increased with the increasing altitude showing the altitudinal shift of Pinus wallichiana. Trees density in size class 100-150cm of Pinus wallichiana revealed maximum negative significant correlation with altitude (r= -0.377), indicating thereby, with increase in altitude the density of trees with diameter 100-150cm was decreased. Seedlings of Pinus wallichiana showed maximum positive significant correlation with Saplings (r= 0.962), indicating thereby, saplings density was dependent on seedlings density (Walther et al., 2005; Wipf et al., 2006; Shevtsova et al., 2009; Chettri et al., 2010; Telwala et al., 2013; Negi et al., 2012; Rigling et al., 2013; Riddle et al., 2014; Negi et al., 2017; Misra et al., 2020; Singh & Samant, 2020: Samant, 2021; Tripathi, et al., 2022; Chauhan et al., 2022,Kumar et al., 2022). Similar trends have been also found in other parts of the Indian Himalayan Region (Sharma & Samant, 2013; Bodh, 2018; Lal & Samant, 2019; Devi et al., 2019, Singh & Samant, 2020: Samant, 2021; Singh, 2022; Barman et al., 2021)
Total 15 Ind/2500m2 seedlings density of P. wallichiana were found at 3936m. Of the total, Maximum 09 Ind/2500m2 were found in >70% (Dead) dry needles stage, followed by 04 Ind/2500m2 in 60-70%, and minimum 02 Ind/2500m2 in 50-60% dry needles stage and none of the seedlings were found under 40-50% and <35% dry needles stage. The dry needles were increased with increasing altitude and number of dead seedlings and saplings also increased with increasing altitude, which showed that in higher elevations, seedlings and saplings were under stress and striving hard to adapt in harsh and cold climatic conditions, also survival rate decrease with increasing altitude. The upward shift of plants species in alpine habitats is clearly results of the climate warming (Lenoir et al., 2008). The seed dispersal, germination and establishment in fresh site at higher altitude are the main vehicles for plant migration (Parolo and Rossi, 2008; Vittoz et al., 2009). The regeneration of dispersed seeds depends upon favorable climatic condition which plays a crucial role in the responses of alpine species to climate change. Studies revealed that, the seeds collected from arctic and alpine region required relatively high temperatures for their viability and germination (Amen, 1966; Bliss, 1958; Billings and Mooney, 1968) is directly indicates the vegetation of mountainous region in high altitude is shifting due to climate change. Similar trends have been also found in other parts of the Indian Himalayan Region (Sharma & Samant, 2013; Bodh, 2018; Lal & Samant, 2019; Devi et al., 2019, Singh & Samant, 2020: Samant, 2021; Singh, 2022; Barman et al., 2021). Regular monitoring of the temperate, sub – alpine and alpine vegetation in Pangi valley in relation to climate change is suggested to understand the vegetation dynamics and impact of climate change on vegetation and also on other natural resources.

Fig.4.Correlation (0.01 to 0.05 level of significance)
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6. Conclusion
 The present study is an attempt to investigate the (i) impact of climate change on vegetation (ii) survival rate and stress tolerance assessment of seedlings and saplings in alpine region of Pangi valley, District Chamba, Himachal Pradesh. Results of the study showed the decrease in diameter of trees with increasing altitude indicating clear shift and establishment of Pinus wallichiana community in the higher elevations of the valley. Both seedlings and saplings increased with the increasing altitude showing the altitudinal shift of Pinus wallichiana. The dry needles of seedlings and saplings were increased with increasing altitude and number of dead seedlings and saplings also increased with increasing altitude, which showed that, in higher elevations, seedlings and saplings are under stress and striving hard to adapt in harsh and cold climatic conditions, also indicates survival rate decrease with increasing altitude. So regular monitoring of the temperate, sub – alpine and alpine vegetation in Pangi valley in relation to climate change is suggested to understand the vegetation dynamics and impact of climate change on vegetation and also on other natural resources. 
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