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I. Introduction 

Animal grazing creates favorable conditions for the formation of habitat structures for many endangered birds, 

small mammals and invertebrates. As a result, managed grazing has shown a positive impact on biodiversity of 

grasslands. In addition, extensive grazing also contributes to the aesthetic and leisure importance of pastures [1]. 

However, the positive role of herbivore in controlling plant species richness is a critical issue for the 

conservation and management of grassland biodiversity. Numerous field studies on grassland plant communities 

show that herbivory often, but not always, increase plant diversity. Recent work suggests that the grazing help in 

alteration of colonization of species from regional species pools or local extinction of species. However, recent 

developments and models suggest that herbivore effects should vary across environmental gradients of soil 

fertility and precipitation [2]. But treading or trampling of the soil surface also create gaps thus allowing seeds 

to sprout and speeds up the growth of grasses, and eventually prevents soil erosion [3]. On the other hand, 

trampling may reduce seed bank stability and increase soil erosion [4, 5]. The risk of soil erosion increases when 

a soil is wet or when stocking rate is too high [6]. It is also known that inappropriate use of pasture (overgrazing 

and undergrazing) may have detrimental impacts on plant diversity especially on the palatable species. Large 

herd size, results cumulative impacts of grazing on species richness and reduce rangeland quality, threatening its 

ability to sustain current grazing levels [7]. The exhaustive use of grasslands has been seen as the main reason 

for the disappearance of many plant species because selective grazing mechanisms [8]. However, managed 

grazing is considered to be an important practice for the survival of many threatened plant and animal species in 

Europe  [9, 10, 11]. It has also been noted that owing to absence of grazing, the species diversity and richness is 

always greater in pastures, where 20,000 sheep and goat graze annually [12]. Over-grazed areas near mid- and 

high-elevation villages in Nepal Himalaya shows a decrease in grasses and an increase in the unpalatable 

species such as Rhododendron anthopogon, Berberis sp. Euphorbia wallichii, Euphorbia longifolia and Iris 

kumaonensis [14]. It has also understood that uncontrolled grazing on the steeper slopes reduces water holding 

which reduces the permeability of the soil [13]. Continuous grazing also creates channels or paths on hill slopes, 

responsible for soil erosion. Beside negative effects of gazing animals, migratory lifestyle of Sherpa 

communities in Nepal is considered better for the conservation of rangelands than a sedentary lifestyle [15].  

During the present study, the impact of grazing on the high altitude pasturelands i.e. mergs (Marg = a Persian 

word for garden) has been determined in Pir Panjal range.  

II. Materials and Methods 

Stude area: The study was conducted in the alpine grassland (margs) around seven sister lakes of Pir Panjal 

range (288 X 40-50 km) in Bela Marg ( N 33
O
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Abstract: Breakage of dormancy or trampling of the soil for easy germination of seeds by the grazers are 

important activities for increasing species richness in grassland communities. But overexploitation and 

overgrazing is also proved hazardous for the composition of the plant communities. Nomadic migration 

along with their livestock in the high altitudes of Himalaya is common phenomenon and has a great impact 

on the ground vegetation. Continuous grazing pressure on the vegetation has initiated selection procedure 

where few species has increased their density and dominance whereas a large number of species are 

reported with significant minimum value. The statistics of Importance Value Index and Shannon-weiner 

diversity index calculated for the herbaceous flora in different ecocline around three lakes (Neel Sar, Koker 

Sar and Katori Sar) of the same pasture also determine the selection of species because of the influence of 

continuous grazing over a time period.    
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of 3700msl). This alpine grassland is flat somewhat undulating grazing grounds 

surrounded by detritus material of falling rocks due to weathering of stony defiles (Fig. 1).  

 

 

 
 

 

Fig. 1: Study area in Pir Panjal 

Most of the soils of the study area are glacial moraines, where upper 0-10cm layer is black in colour and beyond 

10cm it is yellowish or grayish in colour. However, at places there are bands of gritty material. Most of the 

grassland are well drained except on the fringes of some of the wetlands. Two sites at zero inclination near 

wetlands, Neel Sar (N 33
O
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; 3720msl) and Hoker Sar (N 33
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3843msl) were selected for laying the sampling units. The selection of sampling sites was made on the basis of 

frequency of visit of grazers and sampling unit (fame quadrat) with minimum requisite size of 10 X 10cm
2
 as 

suggested by Seth, 1994 were laid randomly in the study area. South-eastern slope of 45
o 

angle is less exposed 

to the grazers than the sites at zero inclination, where availability of drinking water and easy accessibility attract 

most of the grazers to visit frequently.     

Phytosociological studies: Primary data like number of species per sampling unit, number of individuals of 

each species, their frequency, density, basal cover (2πr
2 

; where r = radius of species at ground height) has been 

collected in-situ for phytosociological parameters like 

i) Importance Value Index (IVI) = Relative frequency + Relative density + Relative dominance 

ii) Shanaon – weiner Index  (H
/ 
)= -∑ [ (ni/N) Ln (ni/N)] 

Where ni is the number of the individuals of ith species, N is the number of individuals of all the species and Ln 

is natural log value. The indices has been calculated using excel data spread for primary data.  

Socio-Economy studies: Data related to socio-economy of the nomadic graziers was collected through surveys 

conducted with semi-structured questionnaire. The questionnaire contained questions related to numbers of 

livestock, migratory routes and grazing pressures. Among informants, Gujjar community was the main target 

group for questionnaire interviews. 

III. Results 

Phytosociological analysis: Total area under the alpine pastures in Pir Panjal Range has been estimated to be 

about 1,16,163 Ha [18]. These alpine pastures are known for thick ground flora, with a justified number of 

individuals of herbaceous species per unit area. Through interview with informants it is confirmed that livestock 

rearing has been the main source of livelihood for all nomadic graziers in Pir Panjal range. The socio-economic 

survey also reveals that the number of livestock is greatly increased in last 18-20 years.  Therefore, the study has 

been conducted to understand the impact of predator (grazers) on the prey (herbaceous flora) over a specific 

period of last 20 years.  

In the present study minimum density of 0.8 for Genetinella azurea and Cortia depressa, 0.2 for Tanacetum 

dolichophyllum, 0.4 for Taraxacum officinale and Setaria viridis has been calculated around Neel Sar, Koker 

Sar and on slope near Katori Sar respectively. However, the maximum density of 35.2 for Sibbaldia cuneata, 

32.2 for Alchemilla trolli, 26.4 for Sibbaldia cuneata is recorded around Neel Sar, Koker Sar and on slope near 

Katori Sar respectively (Table 1). 
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Table 1: Observations from quadrat laid near Neel Sar, Kokar Sar and Katori Sar 
Co-ordinates (N- 33.53955º and E- 074.50875º)   (Neel Sar) 

 

Sampling Units 

   

Radius 

Species Q1 Q2 Q3 Q4 Q5 Total Frequency Density (cm) 

Plantago ovata 3 2 2 3 4 14 100 2.8 0.1 

Taraxacum officinale 1 0 0 3 2 6 40 1.2 0.6 

Genetinella azurea 1 2 1 0 0 4 60 0.8 0.8 

Poa alpina 33 28 30 23 35 149 100 10 0.3 

Sibbaldia cuneata 37 31 36 30 42 176 100 35.2 0.3 

Alchemilla trolli 2 2 3 0 0 7 60 1.4 0.5 

Ceratsium cerastioides 1 3 3 0 2 9 60 1.8 0.4 

Cortia depressa 1 2 1 0 0 4 60 0.8 1 

Co-ordinates (N- 33.53724º and E- 074.51159º)     (Koker Sar) 

Tanacetum dolichophyllum 1 0 0 0 0 1 20 0.2 1 

Plantago ovata 7 6 8 4 0 25 80 5 0.5 

Genetinella azurea 4 2 1 3 4 14 100 2.8 0.5 

Trifolium repens 5 6 4 2 0 17 80 3.4 1 

Traxacum officinale 0 0 0 0 3 3 20 0.6 1 

Poa alpina 25 20 24 24 27 120 100 24 0.2 

Setaria viridis 0 0 0 2 3 5 40 1 0.4 

Sibbaldia cuneata 30 32 14 33 41 150 100 30 0.5 

Alchemilla trolli 31 24 37 32 37 161 100 32.2 0.2 

Primula elliptica 0 0 0 0 7 7 20 1.4 0.1 

Geum elatum 0 0 0 0 3 3 20 0.6 1.2 

Co-ordinates (N- 33.54093º and E- 074.52189º) E   (Katori Sar) 

Bistorta affinis 14 17 12 13 21 77 100 15.4 1.5 

Anaphalis leuto-album 9 10 8 15 7 49 100 9.8 1 

Geum alatum 1 0 2 1 0 4 60 0.8 1.8 

Potentilla nepalensis 21 25 19 31 22 118 100 23.6 0.8 

Genetinella azurea 2 3 2 0 3 10 80 2 0.8 

Traxacum officinale 0 0 0 2 0 2 20 0.4 1 

Setaria viridis  0 1 1 0 0 2 40 0.4 0.5 

Cynodon dactylon 5 10 5 13 18 51 100 10.2 0.2 

Sibbaldia cuneata 30 29 31 22 20 132 100 26.4 0.3 

Thalictrum alpinum 15 11 17 8 2 51 100 10.2 0.5 

Poa alpina 11 8 7 12 17 55 100 11 0.7 

 

However, the species with high dominance as per the values of Importance Value Index (IVI) stands for 

Sibbaldia cuneata (85.7), Sibbaldia cuneata (48.9) and  Bistorta affinis (52.2) around Neel Sar, Koker Sar  and 

Katori Sar  respectively (Table 2).  Similarly Shannon – wiener diversity index calculated for all the three sites 

has shown very interesting results with values like 1.17, 1.60 and 1.98 around Neel Sar, Koker Sar  and Katori 

Sar  respectively (Table 2).    

 

Table 2:   Importance value index and Shannon-Weiner index for all the three sites 
Co-ordinates (N- 33.53724º and E- 074.51159º)     (Koker Sar) 

Species Importance Value Index Shannon Weiner Diversity Index 

Plantago ovata 22.66 -0.124131031 

Traxacum  officinale 22.54 -0.066976214 

Genetinella azurea 36.3 -0.049046095 

Poa alpina 39.1 -0.36618076 

Sibbaldia cuneata 85.7 -0.353103052 
Alchemilla trolli 22.4 -0.075214649 

Ceratsium cerastioides 19.75 -0.090574928 

Cortia depressa 50.3 -0.049046095 

 Shannon Weiner index  (H/ )= -∑ [ (ni/N) Ln (ni/N)]                                                    1.174272825 

Co-ordinates (N- 33.53724º and E- 074.51159º) (Koker Sar) 

Tanacetum dolichophyllum 21.49 -0.012305408 
Plantago ovata 21.2 -0.148599844 

Genetinella species 22 -0.099258322 

Trifolium repens 33.4 -0.114004934 
Traxacum officinale 21.89 -0.030402714 

Poa alpina 39.1 -0.341275477 

Setaria viridis 9.68 -0.045623506 
Sibbaldia cuneata 48.9 -0.360445072 

Alchemilla trolli 47.2 -0.364360279 

Primula elliptica 4.3 -0.059218153 
Geum elatum 29.7 -0.030402714 

Shannon Weiner index     (H/ )= -∑ [ (ni/N) Ln (ni/N)]                                                1.605896421 
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Co-ordinates (N- 33.54093º and E- 074.52189º) E   (Katori Sar) 

Bistorta affinis 52.2 -0.275010096 

Anaphalis leuto-album 29 -0.215201109 
Geum alatum 40 -0.035756373 

Potentilla nepalensis 38.3 -0.330025266 

Genetinella azurea 16.4 -0.072761338 
Traxacum officinale 11.66 -0.020394147 

Setaria viridis  6.96 -0.020394147 

Cynodon dactylon 20.6 -0.220281975 
Sibbaldia cuneata 35.8 -0.34232149 

Thalictrum alpinum 22.5 -0.220281975 

Poa alpina 25.4 -0.230021941 

Shannon Weiner index     (H/ )= -∑ [ (ni/N) Ln (ni/N)]                                                1.982449857 

 

Socio-Economy analysis: Even though nomads are aware that there has been a swell in the numbers of humans 

and livestock over last 20 years, but only 17% informants feel that the meadows are under huge pressure of 

grazing and tourism (Fig. 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Nomadic perception regarding grazing pressure on meadows of Pir Panjal 

They do confirm that there is need for putting safeguards for protection and conservation of meadows in Pir 

Panjal. According to the informants a thick blanket of snow that covers the entire area, Pir Panjal range remains 

closed and cutoff from rest of the world for around 6-7 months of winters. However during the summers the 

alpine meadows are flooded with graziers alongwith their livestock. They have been migrating to these uplands 

since ages and transhumance is a way of life for them. They follow a seasonal cycle of migration which leads 

them to high alpine grasslands in Pir Panjal in summers and brings them back to lowlands before the winters set 

in. The main reason for their migration to these grasslands is the availability of abundant fodder, where nomads 

arbitrarily divide the meadows among themselves. Every family is allotted with a small part of the meadow 

called  behak and the arbitrary boundaries are setup by the nomads only. Each family has to remain confined to 

the behak allotted to them and the intrusions of the livestock owned by one family into the behak owned by the 

other family often leads to conflicts. The information gathered from the informants also helped in classification 

of the graziers as i) Pastoral: Those practicing migration from lower altitude to higher altitudes in the same 

watershed like local pastoral communities, sedentary and semi-sedentary, residing in the villages at the foot-hills 

of Pir Panjal range, ii) Nomadic: Those who do cross the watershed boundaries but do not go very far. Gujjars 

are nomads as they do migrate beyond the boundaries of watershed but do not go very far, and iii) 

Transhumants: Those practicing extreme seasonal migration involving migration from the lower Shiwaliks to 

the steppe like grasslands of Ladakh in Trans-Himalaya. They migrate across the mountain ranges of the 

Himalaya. Bakerwals are the transhumants of Pir Panjal and do not stop in the Pir Panjal for the whole season 

but they only pass through the Pir Panjal while on their way to the steppes of Ladakh. They are the first to reach 

the Pir Panjal in the summers and last to come back during their return to winter homes in the plains. Routes 

discovered for migration by the nomads to reach the Bela Marg  (study site) in Pir Panjal includes: 

1. Rajouri – Darhal - Shaker Marg - Bela Marg  

2. Bufliaz - Behram Gala -  Bela Marg 

3. Peer-ki-Gali – Peer Marg – Jaddi Marg – Nandan Sar – Sukh Sar – Bayad Dhok – Bela Marg 

The livestock of the graziers of Pir Panjal includes the following species sheep, goat, buffalo, horse, mule and 

oxen (Table 3). The Questionnaire surveys have also revealed that over a period of time, the numbers of 

livestock and humans visiting the Bela Marg have increased significantly.  
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Table 3: Demography profile of the nomads in the study area 
Total number of informants  : 52 

Age group : 55-65 years 

Education : Literate in Islamic studies only 

Families visiting Bela Merg per year : 40 number 

Human population among the visiting 
families  

: 200 individuals 

Total number of individuals of livestock 

among the visiting families 

: 3540 individuals (3000 sheep, 300 buffaloes, 150 horses, 50 goats, 20 mule, 

20 oxen ) 

 

IV. Discussion and conclusions 

About 509 plant species of tracheophytes have been reported to be distributed in Pir Panjal range [17]. There is 

small or no tree growth above 3,200msl, therefore area beyond this altitude supports ground flora forming vast 

alpine meadows. Various nomadic tribal people like Gujjars and Bakarwals migrate extensively, along with 

their cattle, to these meadows in the months of summers, where their cattle feed on plant species like Cynodon 

dactylon, Trifolium repens, Geum urbanum, Sibbaldia cuneata, Fragaria vesca, Achillea millefolium, Rorippa 

palustris, Rumex nepalensis, Ranunculus lactus, Pedicularis pyramidata and Gentiana sp. It is known that 

grazing has an outstanding impact on vegetation structure, species composition, and species richness of 

grassland communities [19]. Several detailed studies on grazing have been conducted in various subalpine zone 

[20,21,22], but in Pir Panjal subalpine range only reports of species enumeration are known [23, 24]. Only one 

study on the grassland ecology of Pir Panjal has been conducted about 20 years back [16], where Seth, 1994 

reported the mean litter biomass of margs in grazed sites and fenced sites between 102.13 gm/m
2
 to 259.7 

gm/m
2
 and 48.33 gm/m

2
 to 366.66 gm/m

2 
respectively.  However, in present study the grazing impact is 

discussed on the basis of the density and dominance of the herbaceous species in these alpine meadows. It is 

noted that in the vicinity of Neel Sar at zero inclination the Sibbaldia cuneata show the maximum density of 

35.2 followed by  Poa alpina with 10 individuals per unit area (Table 1) after the influence of grazing for about 

last 20 years. Furthermore, values obtained for IVI at the same location are also calculated and found more for 

Sibbaldia cuneata (IVI = 85.7). Despite of the fact, the density for other species is also calculated and found less 

than 2.8 individuals per unit area for each species on the same site. It is also observed that few species show 

considerably high values of density whereas most of the species are known for unusual minimum values of 

density. Similarly, at Koker Sar on another zero inclination, Alchemilla trolli is calculated for maximum density 

of 32.2 followed by Sibbaldia cuneata with a density of 30 individuals per unit area whereas S. cuneata and A. 

trolli  shows maximum Importance Value Index with IVI = 48.9 and 47.2, respectively. The density of other 

species on the same site is below 3.4 individuals. Hence at zero inclination at both the sampling sites maximum 

dominance is experienced for S. cuneata and A. trolli. However, on slope at South-eastern aspect, near Katori 

Sar number of species have a continuous but decreasing range of density like Sibbaldia cuneata (26.4), 

Potentilla sp. (23.6), Bistorta affinis (15.4), Poa alpina (11) , Cynodon dactylon (10.2) and Anaphalis leuto-

album (9.8) and few species below with values below 2. Furthermore, on calculation of IVI for the respective 

site, results obtained were interesting. Importance Value Index is found maximum for Bistorta affinis (52.2) and 

minimum for Setaria viridis (6.96). This indicates that the process of vegetation shift has been initiated near 

Neel Sar and Koker Sar, may be because of regular grazing pressure on the easy accessible areas at zero 

inclination.  This is also supported by comparing the Shannon – weiner diversity index values of zero and 45
0
 

inclination in the same pasture, which reveals that the slopes support more diversity (Katori Sar: 1.98) (Table 2) 

than the diversity near Neel Sar (1.17) and Koker Sar (1.60). This is probably due to the low grazing pressure on 

the slopes, which are generally inaccessible areas for livestock as compare to the flatter parts of the meadows at 

zero inclination. Moreover, it has also been observed that the mean number of the species in the quadrat (10 

cm
2
) in all the three sites was found to be minimum at Neel Sar, because areas near Koker Sar (with marshy 

banks) and Katori Sar (45
0
 inclination) are not in the approach of heavy animals like buffalos, cows, horses, 

only the small animals like goat and sheep can reach the areas. However, the Neel Sar is the area where all type 

of the animals can approach easily and therefore has a double grazing pressure hence the low number of the 

species. It was found that a few other sites in the meadows were quite over-grazed. Some of the sites showed the 

bare soil and formation of rills due to soil erosion. It was especially noted that the meadows close to the huts 

where the frequency of grazing is too high, the rills depicting erosion were a common site. This type of study is 

important for the health of the high elevation pastures but should be studied using RS & GIS. It was concluded 

that TM imagery, in conjunction with in situ grass samples and reflectance spectra data, enabled the efficient 

and accurate assessment of grassland degradation inside the study area [25]. For the management of the 

grasslands in high altitudes it is important to sensitize the stakeholders about the anthropogenic activities, 

because a small number of the stakeholders are aware about the fact (Fig. 2). No doubt, the high altitude 

meadows remain available for few months of the year due to heavy snowfall, but the meadows which come in 

between the migratory routes and those which are final destinations of the graziers are mainly affected areas. 
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Therefore new scientific tools, RS and GIS, TM mapping and environmental management plans are very 

important for the sustainability of the grasslands and meadows in high altitudes.    
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