
CHAPTER V 

IMPACT OF GRAZING ON 
VEGETATION STRUCTURE, 

SP·ECIE·s RICHNESS, DIVERSITY 
AND DISTRIBUTION 



( 

CHAPTER FIVE 
'' 

( 
5.1 INTRODUCTION 

The Khangchendzonga Biosphere Reserve<supports various types 

of livestock (cows, yaks, dzos, horses, sheep, goats) and these animals 

graze .mainly at alpine pastures during summer (May to October) and at 

mid-elevation during winter (November to April) season. In the process 

of grazing the animals move freely from one area to another. Grazing by 
. . -

large herbivores is g_enerally recognized as a major 'ecological factors in 

grasslands and has been suggested as an important evolutionary force 

(Harper 1961; McNaughton 1979, 1984; Mack & Thompson 1982). The 

complexity arises1 on grasslands ·due to livestock herbivo~y are mainly 

based on grazer population . fluctuations and migrations, and from the 

I greater opportunity that there may have, been for evolution of mutual 
.. 

adaptations between certain herbivores and certain plants over a longer· 

period of ecological interaction (McNaughton 1979). Livestock have 

preferential selectivity of fodder and differ from animal to animal types. 

It is widely accepted that, as a result of grazing by herbivores, less 

palatable plants increase at the expense of more palatable ones (EIIision 

1960; Sundriyal et a!. 1988; Thurow & Hussein -1989; Curry' & Hacker 
. ' ' . 

1990). Individual plapts are not completely consumed by herbivore, 

differences among the plant species in their response to herbivory in 

terms of survivorship, growth, reproduction, and competitive ability can 

also be critical determinant of community structure (McNaughton.1983). 

Noy-Meir et at. (1989) qbserved that the tall perennial and tall annual 

grasses dominated in ungrazed sites, whereas small prostrate annuals . 
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-~ were abundant in the heavily grazed sites. Plant responses to herbivorY, 

are conditioned by past history, cuiTent environmental conditions, arfd 
I 

interactions among the biotic components (Mack & Thompson 1982; 

Milchunas et al. 1988; Trlica & Rittenhouse 1993). Many studies have 

demonstrated that selective herbivore by livestock on palatable grasses 

allows forbs to invade or increase in the community (Jones 1933; Sala et 

al. 1986; Facelli 1988; Augustine & McNaughton 1998). Management 

(assessment of condition and trend) of much of the 'world's grazing lands 

is primarily based upon changes in species composition (Joyce 1989; 

Lauenroth & Laycock 1989). Differences iri the degree of grazing 

palatability and selective grazing by animal groups, different grazing 

pressures are exerted on different species, resulting changes in species 

composition. Individual species have been used as . indicators of the 

condition of grazed rangeland since the inception of the "increase

decrease-invader" concept (Sampson 1919) made us interesting to study 

in the response of dominant species to grazing. 

Low grazing intensity resulting higher species diversity is well

documented (Gupta 1985; Suridriyal 1995). Contrarily, free and heavy 

grazing has adversely affected the species richness and diversity in . 

Himalaya as well as other grasslands (Gupta 1986; Negi et al. 1993; 

Sundriyal1994). Most of the current management of much ofthe world's 

grazing lands based on species composition (Joyce 1989; Lauenroth & 

Laycock 1989; Milchunas & Lauenroth 1993). Heavy grazing reduces 

the density of plant species and decrease in the growth that attributed to 
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the reduction in both biomass and productivity in grazed plots (Bement 
' ( 

1969; Sundriyal & Joshi 1990; Rikhari et al. 1992). · 

Alpine areas provide important pasturage for local and 

transhumance herders who graze their animals on common pastures 

along with entrepreneurs owning pack animals who earn significant 

income from renting animals to trekking groups and mountaineering 

expeditions. Sustainable management of these rangelands cannot be 

achieved without an understanding of th~ changing pattern of its 

vegetation, and the factors affecting the grazing carrying capacity. In. -

India, a few studies on different ecological aspects of the alpine of North

West Himalayan region have been reported (Semwal et al. 1981; 

Sundriyal et al. 1987; Joshi et al. 1988; Sundriyal & Joshi 1989, 1990). 

No report is available on the impact of l~vestock grazing on vegetation 

composition and structure 'in the Eastern Himalayan regions especially in 
the Sikkim Himalaya. This chapter aims to analyse the_ impact of grazing 

by livestock along the Yuksam-Dzongri_ trekking corridor -at different 

ecological zones on vege~ation structure, density, species richness, 

diversity, palatability and tree regeneration status inside the forest. _ 

3.2 METHODS 

'Four sites were selected along the Yuksam.:.Dzongri trail and 

details of the sel~ction of these _sites are provided in Chapter II under 

description of the study sites section. These sites (Yuksam, Sachen, 

Deorali and Dzongri) were fenced with barbed wire (1 Ox 10 m size each 

and n = 4 at a site). The exclosures were sampled in the months of April, 

June, August and October during the study period, usmg randomly 
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placed 1 x 1 m quadrats (n = 20x4 ). Each species were listed and the total( 

number of individuals of all species was counted in each plot. Identical 
I 

samplings were also conducted in nearby representative open-grazed 

pasture areas. Basal cover was quantified for all the species by measuring 

10 representative size individuals with the help of a screwgauge. For 

grasses each tillers was considered as an individual plant entity. 

Density, frequency and abundance (Misra 1968) and AIF ·ratio 
. . 

(Whitford 1949) were analysed for all the species and given below; 

Density = Total number of individuals of one species 
Total number of quadrats studies 

Total basal area= nr2 x D 
Where, r = radius at stem, D = density 

Abundance (A)= Total number of individuals -of one species 
Number of quadrats of occurrence of that species 

%:frequency (F) = Number of quadrats of occurrence of a species x 1 00 
Total number of quadrats studied 

Relative frequency =Number of quadrats of occurrence ·of a species x 100 
Number of quadrats of occurrence of all the species 

Relative density =Number of individuals of a species in ali quadrats x 100 
Number of individuals of all the species in all quadrats 

Relative dominance = Total basal area of a species in all quadrats x 100 
Total basal area of all the species in all quadrats 
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~- . Importance Value Index (lVI) was determined as the sum of 

relative do~inance, relative frequency and relative density (Philli£~ 
1959). 

IVI = Relative dominance·+ relative frequency + relative density 
! 

Species richness (Margalef 1957), diversity (Shannon 1948), 

evenness or equitability (Buzas & Gibson 1969) and dominance 
. . 

(Simpson 1949) were determined for both the exclosures and the open--

grazed areas. Doniinance-diversity curves we~e drawn after Whittaker 

(1972). The following formulae w:ere used for the calculation of different -

parameters; 

( 

Species richness (Margalef s index) (d) = (S-1) 
• 

1 In (N) 
Species diversity (Shannon's index) (H)= -l:pi In (pi) 

· Beta diversity (pi d)= Sc/s 

Dominanc_e index (Simpson's index) (C)= 2:(ni/N)2 

Evenness or Equitability (Buzas and Gibson's index) (E) . e His 

Where, S = the total number of species, N' = total-number of individuals 

of all the species, pi = proportion value of i species, Sc = total number of 

species in a set of sample at one plot, s = average number of species ·per 

individual sample (average species per quadrat}, ni = total number of 

individuals ofparticular i species and It= Shannon's index . 

. Enumeration of tree seedlings and saplings status as affected by 
. I 

livestock grazing and anthropogenic pressure was made. in .the temperate 
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forest pastures (both warm and cool temperate) during the month of 

August by putting I x 1 m random quadrats (n = 20) inside the fencer' 

exclosure as well as _outside open-grazed areas of identical situations .. All 

the tree/shrub species <1 0 em diameter at breast height were considered 

as regenerating individuals (Sundriyal & Bisht 1988; Sundriyal & 

Sharma 1996). The regenerating individuals were classified into two . 

groups (seedling= height not more than 20 em; sapling =height more 

than 20 em but girth at breast height less. than 10 em). The total numbers 
. . 

of seedlings as well as saplings were courited separately for different 

species. The density of seedlings and saplings were calculated on per 

hectare basis. 

5.3 RESULTS 

5.3.1 Plant Community Structure 

At Yuksam (warm temperate), a total of45 species were recorded, 

out of which 42 occurred in exclosure plots and 38 species in grazed 

plots. Thirty-two species were 'common in both grazed and exclosure 
-

plots which showed 80% similarity between these plots. After two years 

of exclosure a few species were exclusively recorded in exclosure sites 

only (viz. Rhaphidophora dicursiva, Lonicera glabrata). In contrary, 

Hemiphragma heterophyllum were present in grazed plots only. 

At Sac hen (cool temperate), Urtica dioica, Galium sp., Viola sp., 

ferns, Laportia terminalis, Girardinia dicursifolia, Piper sp., Elatostema 

sessile were present throughout.the sampling months and in both grazed 

and exclosure plots. Daphne involucra_ta, Stellaria medica, Drymaria 

cordata, Ficus foveolata and Commelina benghalensis were totally 
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absent in the grazed plots whereas Begonia sp., Tupistra nutans, 

Rhaphidophora dicursiva, Stellaria medica, Arisaema griffithii weny' 

absent in the exclosure plots (Table 5.1 ). 

At Deorali (subalpine) Poa spp., Potentilla coriandrifolia, 

Potentilla peduncularis and Geranium nakaoanum were present 

throughout the sampling months and in both grazed and exclosure plots. 

Gentiana sp., Prunella vulgaris, Scrophularia sp. and Parnassia 

nubicola were totally absent in the exclosure plo~s whereas Primula 

calderana, Aconitum heterophylum, Corydalis juncea, Meconopsis 

paniculata, Pedicularis hoffmeisteri, Primula sikkimensis, Cyananthus 

lobatus, Euphorbia sp. and Potentilla plurijuga were absent in the grazed 

plots (Table 5:1 ). 

At Dzongri (alpine zone), Poa spp., Potentilla peduncularis, 
; . ·\ 

Potentilla coriandrifolia, Gentiana phyllocalyx and Bistorta affinis were 

present throughout the sampling months in both grazed and exclosure 

plots. Primula calderana was absent in the exclosure plots whereas 

Parnassia nubicola arid Juncus thomsonii were absent in grazed plots 

~ (Table 5.1) 

Out of the 45 species recorded from the study plots at Yuksam, 

13.3% were shrub, 11.1% undershrub, 11.1% climber, 2.2% Hanas and 

remaining herbs. At Sachen 67.6% were herb, 16.2% undershr1:1b, 8.1% 

were shrub, 8.1% climber. At Deorali, all the species were herbs except. 

one undershrub species. At Dzongri, only Juniperus recurva was shrub in 

the sampling plots while the rest were herb. 
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At Yuksam, most of the herbaceous plants were annual (58%) and 

propagated through seed (78%). Similarly, at Sachen, most of the plan{~ 
were annual (51%) and propagated through seed (86%). At Deorali and 

Dzongri, all the plants were annual and the aerial parts were perished 

during winter season and propagated through underground parts 

vegeta,tively except Juniperus recurva at Dzongri, which is·perennial and 

mainly propagated through cone (Table 5.1 ). 

5.3.2 Vegetation Structure 

At Yuksam, in the beginning of growing season in April higher 

plant density in grazed plots were Pilea scripta (27 plant m-2
) and 

Silaginella sp. ( 11 plants. m-2
) whereas !n exclosure plots. by Silaginella 

sp. (62 plant m-2
) and Elatostema sessile (39 plant m-2

). During June, the 

two dominant plants iri grazed plots were Pilea scripta (96 plant m-2
) and 

' 
Hydrocotyle javanica (21 plant m-2

) whereas in exclosure plots by 

J Silaginella sp. (69 plant m-2
) and Pilea scripta (42 plant m-2

). During 

August, the dominant plants in grazed plots were Pilea scripta (96 plant' 

m-2
) and Brachiaria sp. (71 plant m-2

) whereas in exclosure plots by_ . 

Brachiaria sp. (111 plant m-2
) and Elatostema sessile (62 plant m-2

). 

During October, the dominant plants were Eupatorium. cannabinum (66 

plants m-2
) and Pilea scripta (66 plant m-2

) in grazed plots whereas Pilea 

scripta ( 43 plant m-2
) and Elatostema sessile ( 40 plant m-2

) in exclosure 

plots (Table 5.3). 

At Sachen the dominant species during April were Pilea scripta 

( 49 plants m-2
) and Rumex nepal ens is (9 plants m-2

) in grazed plots 

whereas Pilea scripta (100 plants m-2
) and Viola sp. (11 plants m-2

) in 
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exclosure plots. During June, the dot~inant species in grazed plots were' 

Plantago erosa (68 plants, m"2) and Girardinia dicursifolia (17 plants m·i) 
whereas in exclosure plots by Brachiaria sp. (8S plants 'm-2

) and Stellaria 

midica (70 plants m·2
). During August, Silaginella sp. (85 plants m"2

) and 

Hydrocotyle javanica (17 plants m·2) _were dominated in grazed plots 

whereas by Silaginella sp (154 plants m·2
) and Elatostema sessile (25 

plants m"2
) in exclosure plots. Towards the end of the growing season in 

October the dominant plants iri grazed plots·.were Pilea scripta (23 plants 

m"2
) and Elatostema sessile (15 plants m·2

) whereas in exclosure plots by 

Pilea scripta (50 plants m"2
) and Elatostema sessile (10 plants m"2

) (Table 

5.2). 

At Deorali in the beginning of growing season in April the most 

dominant plants in gr:azed plots were foa sp. I (477 plants m"2
)_ and 

-
Potentilla peduncularis (140 plants m"2

) whereas in exclosure plots by 

Poa sp. I (630 plants m"2
) and Poa sp. II (153 plants m"2

). With the 

advancement of growing season in June the most dominant species was 

by Poa sp. III (282 plants m"2
) in grazed plots whereas by Poa sp. I ( 439 

plants m·2
) in the exclosure pl.ots. During the peak-growing season in· 

August the most dominant species in grazed plots were Poa sp. II ( 407 

plants m·2
) and Poa sp. I (333 plants m"2

) whereas in exclosure plots by 

Poa sp. II ( 1005 plants m"2
) and Poa sp. I (888 plants m"2

). Towards the 

end of the growing season in October the most dominant plant species in 

grazed plots were Poa sp. II (223 plants m"2
) and Potentilla peduncularis · 

(203 plants m·2
) whereas by Poa sp. I ( 451 plants m"2

) and Poa sp. II (327 

plants m"2
) in exclosure plots (Table 5.3). 
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At alpine Dzongri, as snow statied melting in· April the most 

dominant species in grazed plots were Poa sp. I ( 44 7 plants m-2
) add · 

I 

Potentilla peduncularis ( 178 plants m-2
) whereas in exclosure plots. by 

Poa sp. I (718 plants m-2
) and Poa sp. II (195 plants m-2

). With the 

advancement of growing season in June the dominant plants in grazed 

plots were Bistorta affinis (387 plants m-2
) and Potentilla coriandrifolia 

(343 plants m-2
) whereas in exclosure plots by Bistorta affinis ( 402 _plants 

m-2
) and Poa sp. II (317 plants m-2

). During peak-growing season in 
' . . 

August the dominant plants were Poa sp. I (604 plants m-2
) and 

Potentilla peduncularis ( 450 plants m-2
) in grazed plots whereas by Poa 

sp. II ( 1583 plants m-2
) and Poa sp. I (395 plants m-2

) in exclosure plots. 

Towards the end of growing season in October the dominant plants in 

grazed plots were Poa.sp. I (534 plants ~-2) and Poa sp. II (222 plants m-

2) whereas in exclosure plots by Poa sp. I ( 452 plants m-2) and Poa sp. II 

( 404.2 plants m-2
) (Table 5.4 ). 

Abundance/Frequency (A/F) ratio study of the plants in throughout 

the season and at all the ~ites were mostly contagious distribution; some 

showed random distribution while only one species i.e. Hypericum 

japonicum in exclosure plots at Yuksam during April showed regul~r 

distribution. At Yuksam A/F ratio ranged from 0.01 to 1.700 (Table 5.1); 

at Sachen (0.038 to 1.900) (Table 5.2); at Deorali (0.036 to 3.100) (Table 

5.3) and at Dzongri (0.041 to 4.000) (Table 5.4). 

At Yuksam, in the beginning of the growing season m April 

highest Importance Value Index (IVI) in grazed plots were by Pilea 

scripta ( 44) and ferns (31) ·whereas in exclosure plots by Elatostema 
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sessile (59) and Silaginella sp. (53). With the advancement of growing 

season in June the highest IVI in grazed plots were contributed by Pill~ 
' 

scripta (86) and Galium sp. (34) whereas in exclosure plots by Galium 

sp. ( 42) and Silaf{inella sp. (34). During the peak growing season in 

August the highest IVI in grazed plots were contributed by Eupatorium 

cannabinum ( 62) and Pilea scripta ( 62) whereas in exclosure plots by 

Silaginella sp. (80) and Eupatorium cannabinum (40). (Table 5._1). At 

s·achen in the beginning of the growing se~son in ·April the highest IVI 

was contributed by Pilea scripta (65) and Impatiens sp. (22) in grazed 

. plots whereas by Pilea scripta (96) and Urtica dioica (28) in exclosure 

plots. With the advancement of growing season in June the highest lVI 

contribution in grazed plots were by Rumex nepalensis (87) and Plantago 

eros a ( 43) whereas in exclosure plots by Brachiaria sp. ( 44) and . ) 

Stellaria medica (39). During the peak growing season in August, highest 

IVI in grazed plots were contributed by ferns ( 45) and Pilea scripta (36) 

whereas in exclosure plots by Pilea scripta ( 69) and ferns ( 46) (Table 

5 .2). At Deorali in the beginning of the growing season in April the 
' 

highest IVI was contributed by Poa sp. I (115) and Potentilki 

peduncularis (76) in grazed plots whereas by Poa sp. I (110) and 

Potentilla peduncularis ( 67) in ex closure plots. With the advancement of 

growing season in June, the highest IVI in grazed plots were contributed 

by Potentilla peduncularis (80) and Poa sp. III (54) whereas in exclosure 

plots by Potentilla peduncularis (59) and Poa sp. I ( 45). During peak 

growing season in August, the highest IVI in grazed plots were 

contributed by Potentilla peduncularis (97) and Poa sp. I (44) whereas in 
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exclosure plots by Poa sp. I (60) and Poa sp. II (49). Towards the end o{ 
. ( 

the growing season in October, highest lVI in grazed plots were 
I 

contributed by Potentilla peduncular is (92) and Poa sp. I (3 8) whereas in 

exclosure plots by Poa sp. I (65) and Potentilla peduncularis (60) (Table 

5.3). 

At Dzongri, in the begiiming of growing season in April the 
' 

highest IVI in grazed plots were contributed by Poa sp. I (113) and 

Potentilla peduncularis (67) whereas in exclosure. plots by Poa sp. I 

(145) and Poa sp. II (42). With the advancement of growing season in 

June, highest IVI in grazed plots were contributed by Potentilla 

coriandrifolia (82) and Bistorta affinis ( 44) whereas in exc~osure plots by 

Potentilla coriandrifolia (75) and Juncus thomsoni ( 49). During peak 

growing season in August, highest lVI in gr~zed plots were contributed 

by Potentilla peduncularis (86) and Poa sp. I (51) whereas in exclosure 

plots by Poa sp. II (67) and Poa sp. I (37). Towards the end of growing 

season in October, highest IVI in grazed plots were contributed by Poa 

~ sp: I (97) and Potentilla peduncularis ( 4 7) whereas in exclosure plots by 

Poa sp. I (89) and Poa sp. II (52) (Table 5.4) . 

. Number of species decreased with increasing altitude in both 

exclosure and grazed plots. Grazing reduced species number significantly 

in all the sampling period (P<O.OOO 1) in temperate, subalpine and alpine. 

Plant density increased with increasing altitude (P<o.·ooo 1) in both 

grazed and exclosure plots. Highest plant density was attained in August 

at all the altitudinal sites. Plant density ranged from 96-502 plants m·2 

(grazed) and 105 to 550 plants m·2 
( exclosure) at temperate sites, 906 to 
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1645 plants m-2 (grazed) and 115 8 to 3249 plants m-2 
( exclosure) a~, 

subalpine sites and from 920-2290 plants m-2 (grazed) and ~090 to 3747-

plants m-2 ( exclosure) at alpine sites, and their interaction was significant 

(P<0.0001). Values in grazed and excfosure plots and between stands at 

different elevation was significant with least standard deviation of 60.4. 

Grazing decreased basal coverage of plants significantly at temperate 

sites (16-52%), but increased in subalpine (13 to 28%) and alpine (0.7 to 

83%) (P<;::0.0001). Basal coverage of plants increased with increasing 

altitude in 'both grazed and exclosure · plots _(P<O.OOO 1) and their 

interactions were als'o significant. Basal coverage was ranged from 16 to 

124 cm2m-2 in forested pastures, 128-238 cm2m-2 in subalpine and 141 to 

439 cm2m-2 in alpine zone. 

5.3.3 Species Richness, Diversity and Distribution 

Species richness , 

At Yuksam, plant species'richness decreased with the advancement 

of growing season in both grazed and exclosure plots. In the beginning of 

the growing season grazed plots have more species richness but with the· 

advancel?ent of growing season it. was more in exclosure plots. Species 

richness (Margalef's index) value ranged from 2.93 to 3.75 in grazed 
\ 

plots whereas 3.01 to 3.36 in exclosure plots. At Sachen also similar 

trend was observed. The value rang'ed from 2.34 to 3.07 in grazed plots 

whereas 2.3 6 to 2.3 7 in exclosure plots. Contrary to it, at Deorali, species 

richness increased with the advancement. of growing season in both 

grazed and exclosure plots. The value ranged from 1.19 to 1.22 in grazed 

plots while 1.27 to 1.65 m exclosure plots. Similar trend was also 
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observed in Dzongri with the value ranged from 0.71 to 1.30 in grazed 

plots and 0.93 to 1.32 in exclosure plots (Table 5.5). Species richne~~ 

decreased with elevation in both exclosure · (P<0.0001) and grazed 

(P<0.0001) plots (Fig. 5.3). 

Species diversity 

At Yuksam, spectes diversity decreased slightly with the 

advancement of growing season in grazed plots where~s it was increased , 
.' . 

in exclosure plots. Grazing increased plant diversity throughout the 

growing season. The value ranged from 2.69 to 2. 700 in grazed plots and 

2.03 to 2.66 in exclosure plots. At Sachen, diversity increased with the 

advancement of growing season in both grazed and exclosure plots. 

Grazing increased plant diversity throughout the growing season. The 

value ranged from 2.~5 to 2.49·· in gr~zed plots and· 1.52 to· 2.29 in 

exclosure plots. At Deorali, · plant ·diversity increased·- with the 

advancement of growing season in both grazed and exclosure plots. Plant 

diversity was more in grazed plots in the beginning of growing season 

but reverse during growing peak season. The value ranged from 1.54 to 

1.89 in grazed plots and 1.42 to 1.93 in exclosure plots. At Dzongri also 

plant diversity increased with growing season in both grazed and 

exclosure plots. Grazing increased plant diversity throughout the growing 
' ' . '. 

season. The value rang~d from 1.48 to ·1.99 in grazed plots artd 1.14 to 

1. 77 in exclosure plots (Table 5.5). Plant diversity decreased with 
' :• ' . . 

elevation in both exclosure (P<0.02) and grazed plots (P<0.02) (Fig. 5.3). 

The rate of change. of species composition (beta diver~ity) was 
- ~ ' . . 

highest in temperate zone, followed by alpine zone an<;! least in subalpine 
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zone m both grazed and exclosure plots (Fig. 5.4). This is very 

interesting result where rate of change of species composition at' 

subalpine zone was recorded· least. The subalpine zon'e ts more of 

transition zone migrating livestock where the grazing intensity IS 

observed high with heavy trampling. 

Equitability 

At Yuksam, equitability or evenness of plants increased- with 

advancement of growing season. Grazing increased equitability of plants 

thrqughout the growing season. The value of equi~ability ranged from 

0.50 to 0.53 in grazed plots and 0.27 to 0.49 in exclosure 'plots. Similar 

trend was also observed at Sachen (0.38 to 0.57 in grazed plots and 0.23 
. ' 

to 0.45 in exclosure plots) and at Deorali (0.42 to 0.55 in grazed plots 
- . 

and 0~34 ·to 0.4.1 in exclosute plots). ,:At Dzongri, plants were ·less 

equitable with growing season in grazed plots but reversed in exclosure 

plots and the value ranged from 0.56 to 0.63 in grazed plots· and 0.35 to 

0.42 in excloslire plots (Table 5.5). Equitability of plants .increased with 

elevation .in grazed plots (P<0.05) but rio correlation was observed in 

exclosure plots (Fig. 5.3). 

Concentration of dominance 

At Yuksam concentration of plants decreased with growing season 

in both grazed and exclosure plots. Grazing reduced· concentration of 

plant growth throughout the growing season. The domi.nance index value 

ranged from 0.098 to 0.099 in gra~ed plots and 0.101 to 0.235 in 

exclosure .plots. Similar trend was also observed at Sachen,-·Deorali and 
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Dzongri _except in Deorali where plants were more dominant in grazed 

plots during peak growing season. Dominance index value ranged fron/ 

0.141 to 0.192 (grazed) and 0.204 to 0.430 (exclosure) at Sachen; from_ 

0.177 to 0.322 (grazed) and 0.153 to 0.348 ( exclosure) at Deorali and 

from 0.174 to 0.302 (grazed) and 0.255 to 0.472 (exclosure) at Dzongri 

(Table 5.5). There was no correlation between dominance with elevation 

.in both grazed and ~xclosure·plots (Fig. 5.3). . 

Dominance-dive~sity curve study Jh~wed slight ~oncave-shap~d in 
. - I . 

both grazed and exclosure plots at (Yuksam and ·sachen), negative 

expollential at subalpine (Deorali) and (1zongri) (Fig. 5.2). 

5.3.4 Tree Seedling and Sapling Enumeration 

Species-wise density-· of seedlin~ and sapling in grazed and 
. . . . . I 

exclosure . plots m · different temperate1 fo~ested pastures has been 

enumerated (Table 5.6). The comparison ofseedling and sapling between 

grazed and 'exclosur~ plo.ts in the. cool ard the warm tempe~ate ~orested 

pasture along the trekkmg corridor has been presented m Fig. 5.5. 

Grazing exclosure just for one year (one leasori) has resulted the increase 
- - I - - . . 

of 29% seedling in cool temperate forest (9000 and 7000 seedlings ha-1 in 

exclosure and grazed plots, respectively J. After tw'o years the exclosure 

plots recorded-10750 seedlings ha-1
, whibh showed a fu~her increase of 

19% over the previous year. Slight incrJase of sapling in the ~xclostire 
pl~ts whe;eas slight decre~sed in the oJen-grazed plo~s (from 1998 to 

1999). In the warm. temperate forest the beedlings in the exclosure plots 

·has increa~ed 46% from 1998 to 1999 (6000 seedling ha::-1 in 1998 and 
. \ . . . 

8750 seedling ha·' in 1999) whereas 1in the open-grazed plots 20% 
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increase was recorded (3750 seedling ha-1 in 1998 and 4500 seedling ha-1 

/ 
in 1999). Slight increase in sapling was observed in the exclosure plots 

though no change was recorded in the grazed plots. 

5.4 DISCUSSION 

Herbivory can have a variety of direct and indirect effects on plant 

communities (Huntley 1991; Davidson 1993; Jefferies et al. 1994; Hixon 

& Brostoff 1996). Herbivores yisibly damage relatively few plant species 

(Ritchie et al. 1998). The damage species is best identified as the 

palatable species and with -more magnitude in highly palatable species. 

At Yuksam such phenomenon was shown by Silaginella sp., Elatostema 

sessile, etc., at Sachen by Persicaria capitata, Viola sp.,. at Deorali by 

Poa spp., Geranium nakaoanum and at Dzongri by Poa spp., Euphorbia 

sp., etc. On the other himd unpalatable species showed reverse trend such 

as Plantago erosa, Artimissia vulgaris, etc. at Yuksam; Girardinia 

dicursifolia, Rumex nepalensis, etc·. at Sachen, Potentilla peduncularis, 

Hemiphragma heterophylla, etc. at Deorali and Potentilla peduncularis, 

------...,_~ Potentilla microphylla at Dzongri. As a resu~t of grazing, less palatable. 
J 

plants increased at the expense o( mo.re palatable ones (Ellision 1960; 

Thurow & Hussein 1989; Curry & Hacker 1990) supports the findings of 
I 

the present study where rapid decrease of palatable species in the grazed 

pastures and contrary to it, the least palatable species increa~ed in the 

same intensity. but reverse order; (see Photoplate 5) _ this support 

McNaughton (1983) that individual plants are not completely consumed 
' ' 

by herbivore,- differences among the plant species in their response to 

herbivory in terms of survivorship, growth, reproduction, and 
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competitive. ability can be a critical determinant of community changes. 

Therefore, livestock grazing will change the vegetation composition add 

that shifts the community patterns (Photoplate 7). In the present' study, 

monocot. plants. were detrimentally .affected by grazing; due· to its 

preference by grazing animals. 

Plant diversity . increased with growing, season and peaked during 

June (Ram et al. 1989) coincides with the findings o~ the present .study. 

The selected grazing · change in species ·association and distribution 

pattern with higher magnitude in higher elevati9n (alpine/subalpine) than 

lower elevation forested pastures probably due. to environmental arrest of 

plant growth and other metabolic activities. Plant communities. and 

species reacting differently to varying degrees of grazing . pressures 

(Milchunas &. ~auenroth 1993.; Sund~iyal 1995). I~ a. recent view, 

Milchunas & Lauenr.oth (1993) indicate change in species composition 

with grazing is primarily a funct~on of aboveground net ,primary 

production and the evolutionary history of grazing at the sit.e. Changes in 
- ' '· ' '- -

species composition increase with productivity and with longer, more 

. intense, evolutionary history. Although species considerations are clearly 

central to fundamental studies attention must .also be given to the long

term ability of a system to sustain productivity (Milchunas & Lauenroth 

1993). 

The findings of the present study favours that (i) the main effect of 

grazers .on grasslands is the removal of living parts, which is .selective 

and hence differential between plant species. (ii) Grazing shifts the 
'· 

balance of relative species, abundance, which is established · in the 
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ungrazed ('climax') grassland mainly by competition for light, water and 

nutrients, towards a new stable balance (.'grazing disclimax') which alsl 

depends on differential defoliation and regrowth. (iii) Changes in species 

composition il! response to changes in grazing" intensity ('degradation', 

'succession') are consistent, reversible and continuous; hence (apart from 
/ ' 

weather-induced fluctuations) gtassland composition closely reflects the 

current grazing regime, once it has been established for some time_. (iv) 

The relative abundance of some plants in . a community decreases 

consistently in response to increased grazing intensity ('decreasers'), 

while that of others increases consistently ('increasers'); soine species 

only appear above a certain grazing intensity ('invaders') . .It has strongly 

believed that change in species composition will ~ffect other structural 

and functional parameters of pastures/ grasslands positively or negatively 
l . 

with different magnitude in different time scale. 

Tree regeneration study reveals that grazing has certain pressure on 

the regeneration of tree species inside the forest. Browsing by large 

herbivores can affect both tree structure and regeneration (Fox 1998). 

Overall seedling density was increased by 29%" in cool temperate forest · 

and 46% in warm temperate forest just after two years of livestock 

grazing exclosure is a significant change in regeneration status. Simple 

protection of the forested areas enhanced " regeneration. It has been . 

" observed that in grazed pastures secondary and least palatable species 

was higher density. This is an indication of vegetation change. and 

possible dominant species in future. Protection of forested pasture from 

livestock grazing will definetely improve the status of forest in due 
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course and will provide better forest structure. Since complete protection, 

is difficult to achieve, a deferred grazing regime of 3-4 years if developeJ . 

would promote tree regeneration especially in temperate areas of North

East India where humidity, rainfall and temperature are not limiting 

environmental factors • 
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(2.6) (0.032) (I 0.58) · (8.25) (0.168) (10.24) (4.55) (0.15) (7.98) (3.5) (0.076) .(10.69) 

Cissus repanda 2.7 0.037. 9.33 4.4 1.76 7.75 8.25 0.129 9.66 3.9 0.193 7.38 
(3.35) . (0.11) (7.37) (10.3) (0.183) (13.99) (11.6) (0.237) (10.56) (5.0) (0.089) (8.13) 

Galium sp. 1.95 . 0.046 7.04 6.75 0.138 33.71 - - - 3.45 0.082 7.84 
(3.55) . (0.099) (8.34) (28.25) (0.669) (41.49) (11.35) (0.375) (8.5) (4,9) (0.077) (8.48) 

Rhaphidophora (0.10) (0.1 0) (1.52) (9.2) (0.751) (6.45) (0.35) (0.39) (3.21) - - -
dicursifolia. 

Hypericum japonicum 0.15 0.067 1.26 

(0.05) "· (0.01) (0.41) - (0.15) (0.067) (1.14) 

Lonicera glabrata (0.20) (0.089) (1.39) 

Plantago erosa 3.05 0.038 12.23 2.0 0.163 4.26 29.75 0.298 20.84 2.45 0.392 3.90 
(0.3) (0.033) (2.78) (4.3) (0.119) (8.1) (-) (-) (-) (-) (-) (-) 

Fern 4.75 0.059 30.55 6.65 0.118 20.32 11.6 0.181 38.65 1.70 0.106 14.15 
(1.85) (0.029) (19.48) (9.7) (0.12) (11.04) (6.9) (0.163) (18.39) (3.5) (0.083) (6.97) 

Persicaria capitata 4.7 0.111 10.38 7.75 {).158 11.34 14.6 0.202 11.94 1.35 0.6 2.12 
(2.55) (0.126) (7.15) (13) (0.203) (11.44) (7.7) (0.30) (7.59) (-) (-) (-) 

Fragaria nubicola (0.9) (0.4) (2.48) 

Pothos scandens (0.35) (0.088) (2.35) 

Arisaema intermedium 0.5 0.222 4.38 
(5.85) (0.366) (23.0) (0.3) (0.048) (3.26) 

Pilea scripta . 26.8 0.371 43.76 96.15 0.962 86.2 95.8 0.958 43.47 65.5 0.907 62.08 
(7.55) (0.616) (14.98) (41.5) (0.574) (31.68) (50.85) ·co.5o9) (29.95) (42.75) (0.528) (29.65) 

Rubus paniculatus (0.3) (0.133) (1.9) - - - (1.55) (0.388) . (2.81) 
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Gynlira cushimboa 0.7 0.112 2.6 - - -
(0.95) (0.059) (5.76) (0.7) (0.078) (6.1) 

Centella asiatica 7.05 0.125 12.68 

(0.25) (0.25) (1.28) 

Aconogonum molle 0.2 0.089 1.44 

. (1.1) (0.059) (2.53) (2.05) (0.328) (8.33) 
~. 

Piper sp. 0.55 0.244 1.51 0.47 0.1 2.7 

(0.15) (0.25) (1.36) (-) (-) (-) 

Rubus ellipticus 0.7 0.078 2.81 0.25 0.063 3.2 

(0.35) (0.489) (1.48) (-) (-) (-) 

Artimissia vulgaris · 1.6 0.064 2.47 - - -
(-) (-) (-) (0.8) (0.128) . (6.68) 

Commelina benghalensis 0.5 0.08 4.03 - - -
(0.65) (0.1 04) (8.9) 

Hedychium ellipticum 1.2 0.133 3.32 -- - -
(-) " (-) (-) (9.0) '(0.298) (7.42) 

Hydrocotyle javanica 20.6 0.572 18.2 
- - -

. (18.5) (0.256) (12.67) 

Mazus sp. 0.35 0.156 1.36 1.9 0.304 5.07 
(-) . (-) (-) . (2.0) (0.099) (7.53) 

Melastoma normale 1.65 0.081 6.94 1.8 0.089 6.58 

(-) (-) (-) (2.0) (0.32) (5.57) 
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0.9 0.144 3.07 

(-) (-) (-) 

0.9 0.144 3.07 

(-) (-) (-) 

3.7 0.411 3.53 

(7.7) (0.481) (8.36) 

3.35 0.111 7.01 

(12.0) (0.284) (13.89) 

69.35 0.96 . 24.87 ° 

(9.75) (0.173) (10.48) 

7.7 0.182 8.02 

(-) (-) (-) 

0.6 0.15 2.36 

(8.~5) (0.983) (5.66) 

0.25 

(0.25) 

(0.3) 

0.25 

(-) 

0.25 

(-) 

3.45 

(1.95) 

(22) 

6.35 

(4.1) 

0.35 

(1.45) 

: . r v 

0.111 

(0.111) 

(0.048) 

0.11.1 

(-) 

0.111 

(-) 

0.082 

(0.096) 

(0.18) 

- 1.76 

(0.202) 

0.088 

(0.4) 

---....., 

1.58 

(1.22) 

(1.86) 

2.58 

(-) 

2.58 

(-) 

7.84 

(4.49) 

(4.76) 

9.46 

(5.23) 

2.51 

(5:42) 
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Stephania rotunda (-) (-) (-) (2.85) (0.317) (10.85) 
- -

0.2 0.2 0.88 - - - (0.4) (0.064) (1.91) 

Amaranthus sp. 9.5 0.117 10.71 
- - - . - - -

(8.7) (0.43) (7:79) 

Pilea umbrosa 8.05 0.657 6.25 7.25 0.129 14.5 
- . - - - - -

(12.8) (0.228) (11.16) (6.95) (0.193) (8.41) 

Adenostems viscosum 
- - - - - -

(2.8) (0.448) . (3.83) 

Stellaria medica - - - - - -
(13.85) (0.721) (9.19) 

Astilbe revularis 1.6 0.044 6.73 0.9 0.073 5.86 

(1.2) (0.133) (4.93) (6.35) (0.064) (11.56) 

Oxyspora paniculata - - -. 0.9 0.073 5.86 
- - - - - -

(1.3) (0.325) (4.93) (6.35) (0.064) (11.56) 

Cyanotis vaga - - - 1.15 0.511 3.27 
- - - - . - -

(8.0) (0.264) (7.93) (-) (-) (-) 

Drymaria cordata 45.5 0.455 r20.91 3.85 (-) 4.64 
- - - - - - (-) (-) \(-) (-) 0.616 (-) 

Edgeworthia gardneri - - - - -· - - - - (0.2) (0.05) (1.95) 

Hemiphragma 1.4 0.114 4.05 

heterophyllum - - - - - - - - - (-) (-) (-) 

NF= Abundance/Frequency, IVI= Importance Value Index 
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Table 5.2 Vegetation structure during growing months at grazed and exclosure (parenthesis) sites at cool temperate Sachen (2100 m asl). 

Species April June August October 

Density AIF lVI Density AIF lVI Density AIF · lVI Density AIF lVI 

Pilea scripta 48.75 0.54 64.51 - - - 22.7 0.252 35.97 
- - -

(99.7) (0.997) (95.8) (16.15) (0.449) (11.84) (50.25) (0.503) (68.46) 

Urtica dioica 1.85 0.116 13.68 2.7 0.1.08 20.61 4.8 0.3 11.24 2.4 0.043 14.18 

(7.35) (0.074) (27.45) (4.55) (1.82) (1.1.15) (10.1) (0.824) (6.33) (3.15) (0.064) (14.35) 

Galium sp. 4.05 0.113 10.91 5.85 0.193 10.43 16.65 1.041 12.17 3.45 0.082 9.14 

(1.9) (0.119) (6.51) (3.0) (0.061) (11.61) (13.9) (0.556) (9.42) (3.0) (0.071) (8.14) 

Viola sp. 2.4 0.079. 8.93 3.35 0.165 7.7 11.35 1.261 . 8.96 2.25 0.04 9.17 

(11.15) (0.116) (20.45) (1.4) (0.056) (7.22) (18.2) ,(0.506) (15.47) (3.25) (0.058) (9.49) 

Impatiens sp. 6.7 0.119 22.02 - 4.3 0.067 12.01 
- - - - - -

(8.55) (0.106) (22.01) (6.3) (0.112) (16.18) 

Ferns 3.2 0.076 20.66 1.7 0.068 8.2 8.55 0.238 30.47 7.7 0.12 44.64. 

(3.6) (0.049) (20.87) (2.3) (0.054) (11.18) (8.76) (0.156) (32.02) (4.5) (0.056) (46'.32) 

Rubus ellipticus 1.2 0.075 9.18 

(3.1) (0.086) (13.96) 

Arisaema intermedium 1.1 0.09 15.73 0.5 0.041 4.68 
- - - - - -

(L8) (0.089) (23.42) (0.5) (0.031) (4.74) 

---.., 
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Laportia terminalis 1.25 0.078 10.61 0.6 o~o49 7.06 5.8 .0.232 16.56 1.25 0.041 8.8 

·(2.35) (0.05) (13.38) (0.5) (0.041) (14.25) (3.95) (0.195) (6.24)" . (2.65)" . (0.054) (13.09) 

Girardinia 0.55 0.088 4.68 17.3 4.325 15.55 7.05 0.441 . 13.46 

dicursifolia (0.6) (0.049) (8.97) (0.55) (0.088) (31.73) . (1.8) (0.2) (3.92) (1.4)- (0.039) (9.44) 

Rumex nepalensis 8.9 0.556 18.98 49.4 1.168 86.99 13.4 0.372 "18.88 9.55 0.316 34.02 

(0.6) (0.038) (5.43) (-) (-) (-) (0.2) (0.05) (2.2) (0.8) (0.065) (4.48) 

Piper sp. 0.15 0.067 1.88' 17.2 2.752 11.18 0.8 0.476 13.35 ' 14.6 0.202 38.15. 

(0.2) (0.089) (1.71) (0.3) (0.133) (2.22) (5.4) (0.338) (19.3) (9.95) (0.177) (22.54) 

Elatostema sessile 8.8 0.291 21.07 3.05 o.f22 11.53 11.9 0.476 13.35 14.6 0.202 38.15 

(4.2) (0.263) (10.64) (43.8) . (0.684) (27 :11) (24.75) (0.306) (19.3) (9.95) (0.177) (22.54) 

Daphne involucra/a 
(0.1) (0;1) (1.47) 

Hydrocotyle javanica 2.0 0.576 4.37 3.75 0.089 11.26 16.75 0.67 f3.69 1.85 0.296 4.53 

(2.2) (0.55) . (4.07) (6.05) (O.J08) (11.4) (18.3) (0.373) (13.11) (-) (-) (-) 

Cissus repanda - - - 2.45 0.058 8.31 
- - - - - -

(1.4) (0.114) (5.17) (-) ( -) (-) 

Silaginella sp. 2.7 0.432 4.941 5.2, 0.106 11.94 84.9 1.733 45.61 5 0:408 8.55 

(1.1) (0.275) (2.94) (-) (-) (-) (154.45) (2.138) (51.97) (-) (-) (-) 

Stellaria medica 
(1.2) (0.192) (3.55) (69.5) . (1.236) (38.85) 

.Aconogonum molle 1.9 0.155 10.72 0.3 0.048 3.71 3.1 . 0.344 12.24 

(2.2) (0.24) (10.2) (1.45) (0.091) (8.31) (7.7) (0.629) (32.63) (2.25) (0.046) "(14.63) 
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Drymaria cordata' 
(0.45) (0.2) (2.02) 

Brachiaria sp. 0.5 0.08 3.16 ' 4 0.16 8.43 7.55 1.888 6.78 1.6 0.1 5.63 

(-) (-) (-) (87.45) (1.555) (44.01) (20.1) (0.314) (14.53) (6.9) (0.096) (14.13) 

Cyperus sp. 2.1 0.131 7.08 - - - 15.9 0.442 16.17 2.4 0.196 6.42 

(-) (-) (-) (28.05) (3.117) (19.4) (11.4) (0.317) (10.6) (2.55) (0.071) (8.31) 

Hedychium ellipticum 0.5 0.222 3.22. 1.25 0.078 5.65 
- - ' - - - -

(-) (-) (-) (1.85) (0.074) (11.95) 
-

Begonia sp. 0.1 0.1 1.2 

(-) (-) (-) 

Persicaria capitata 8.1 0.4 14.86 2.25 0.09 7.52 11.6 0.464 11.72 3.0 0.148' 7.51 

(-) (-) (-) (1.3) (0.052) (12.44) (I 0.55) (0.861) (7.97) (-) (-) (-) 

Tupistra nutans 0.1 0.1 2.01 

(-) (-) (-) 

Rhaphidophora -o.3 0.133 2.32 

dicursiva (-) (-) (-) 

Stellaria medica 15 3.75 17.99 

(-)_ (-) (-) 

Plantago erosa 1.0 0.16 5.28 68.2 1.392 43.03 14.6 0.406 15.81 ·0.9 0.1 4.03 

(-) (-) (-) (4.0) (0.071) (10.11) (5.05) (0.561) (6.48) (-) (-) (-) 

Diplazium umbrosum 0.5 0.056 6.8 1.4 0.35 10.28 1.45 0.072 10.24 
- - -

(0.7) (0.044) (14.21) (9.0) (0.36) (17.3) (-) (-) (-) 
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AIF= Abundance/Frequency, IVI= Important Value Index 
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T2ble 5.3 Vegeta;ion structure dUring growing months at grazed and exclosure (parenthesis) sites at subalpine Deorali (3800 m asl) 
I 

Species April June August October 

Density AIF NI Density AIF lVI Density AIF lVI Density AIF lVI 

Poasp. I 477 1.193 114.5 91.8 0.13 25.26 333.4 0.768 44.3 160 1.128 65.16 

(630.2) (1.576) (109.6) (438.6) (1.097) (45.00) (888.2) (3.073) (60.2) (451) (0.4) (37.72) 

Poasp. II 75.6 0.233 26.94 117.4 0.294 22.38 406.~ 1.589 40.4 223.2 0.558 36.03 

(152.6) (0.382) (37.65) (383.4) (0.959) (43.44) (1004.6) (2.783) (49.2) (326.6) (1.008) . (37.88) 

Poasp. III 67.2 0.233 22.25 281.8 0.975 54.19 265.4 0.819 31.4 173.4 0.535 29.14 

(148.8) (0.412) (29.91) (252) (2.?2) (25.12) (463.2) (1.809) (26.2) (226.4) (0.699) (30.37) 

Porentilla 140.4 0.389 76.28 145 0.557 80.44 326.8 0.905 97.3 203.4 0.509 92.19 

peduncularis (149.6) (0.374) (67.12) (109.8) (0.275) (58.75) (182.8) (0.564) (34) (160.4) (0.401) (59.9) 

Porentilla 5.0 0.102 6.53 7.6 0.053 7.94 6.2 0.062 7.64 3.6 0.036 6.35 

cori:mdrifolia (6.0) (0.167) (5.58) (23'.2) (0.161) (7.54) (163.6) (0.639) (32.1) (104) (0.1 04) (9.86) 

Porentilla microphylla 34.6 0.205 15.26 140.8 0.352 35.62 14.6 0.298 8.97 - - -
(5.6) (0.056) (8.37) (56.0) (0.219) (11.99) (31.4) (0.260) (12.27) 

Ger.:iana phyllocalyx 4.6 0.184 4.64 - - - 7.8 0.217 4.86 14.6 0.121 7.24 

(8.2) (0.128) (6.8) (26.2) (0.081) (11.83) (-) (-) (-) (18.6) (0.23) (6.83) 

Ger:mium nakaoanum 26.2 0.155 14.4 16.6 0.098 8.91 100.8 0.448 18.5 39.2 0.109 14.13 

(35.6) (0.182) (16.95) (113.8) (0.285) (18.02) (80.4) (0.41) (12.4) ( 11.8) (0.07) (8.71) 

Prirm1la calderana 
(8.2) (0.328) (5.52) 

121 



) I ~ ., 
~ \ 

' ......__ 

Anemone tetrasepala ·- - - 19.0 0.074 10.53 33.8 0.15 14.7 8.8 0.045 9.47. 

(3.6) (0.1) (5.54)' (18.0) (0.092) (13.99) (37.8) (0.224) (9.5) (8.6) (0.071) (7.6) 

Aconitzun 

heterophyllum (0.6) (0.15) (1.54) 

Hemiphragma - - - 68.4 0.211 17.18 60 0.417 12.5 17 0.21 6.52 

heterophyllum (9.0) (0.25) (5.46) (50.6) (0.299) (15.16) (-) .. (-) (-) (13.2) (0.206) (5.46) 

Aletris pauciflora 69.4 1.084 15.88 99.4 0.388 22.7 
- - -

(-) (-) (-) (225 .4) (0.696) (22.7) 
-

Gentiana sp. 1.8~ 0.072 4.33 

,(-) (-) (-) 

Prunella vulgaris 4.4 0.176 4.7 

(-) (-) (-) 

Corydalis juncea - - -
(6.0) f0.05) (16.21) 

Meconopsis - - - - - - - - - (2.69) 
- - -

paniculata (0.8) (0.089) (3.16) (0.8) (0.2) (1.72) (0.8) (0.089) 

Pedicularis 
- - -

hoffmeisteri (1.8) (0.036) (12.37) (21.4) (0.177) (6.89) 

Phlomis rotata 14.5 0.566 25.59 34 0.133 12.63 
- - - - - -

(16.2) (0.072) (11.96) (54.8) (0.453) (11.97) 

Primula sikkimensis 
- - -

,' 
(2.4) (0.049) (4.46) 
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Juncus thomsonii . 15.8 1.58 7.57 

. (-) (-) (-) 

Heracleum wallichii 3.0 0.188 2.65 
- - -

(-) (-) (-) 

Scrophularia sp. 1.6 0.178 1.75 
- - -

(-) (-) (-) 

Penzio sp. - - - - - -

Cyananthus lobatus 
- - - - - -

Euphorbia sp. - - - - - -

Orchis chusua 
- - - - - -

Potentilla plurijuga - - - -

Parnassia nubicola 
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- - -
(53.2) (1.478) (6:07) 

- - -
(18.8) (0.752) (5.86) 

4.0 0.16 4.36 

(38.0) (0.776) (8.95) 

- - -
(23.0) (0.19) (8.14) 

- - -
(24.2) (0.299) (6.11) 

0.8 0.2 1.42 

(8.4) (0.171) (4.9) 

- - -
(15.4) (0.616) (4.98) 

-
(14.2) 

2.8 

(1.8) 

-
(47.6) 

-
(14.2) 

-

-
(67) 

4.4 
. (-) 

\ I ... I 

-
(0.222) 

0.057 

(0.072) 

-
(0.331) 

-
(0.29) 

-

-
(0.396) 

0.069 

(-) 

- (6.06) 

6.04 

(3.66) 

-(11.39) 

- (5.18) 

- (15.01) 

5.14 (-
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Table 5.4 Vegetation structure during growing months at grazed and exclosure (parenthesis) site at alpine Dzongri (3900 m asl) 

Species April June · August October 

Density AIF lVI Density AIF lVI Density AIF lVI Density AIF lVI 

Poa sp. I 446.6 1.24 113.4 277.8 0.695 38.24 603.6 1.863 50.7 534.2 1.649 97.42 

(718.2) (1.79) (144.8) (312) (0,.78) (37.34) (395) (1.219) (37.4) (451.6) (1.129) (88.51) 

. Poa sp. II 123.4 0.38 36.05 122.6 0.626 15.55 276.4 0.853 26.9 222.2 0.556 36.85 

" (195) (0.49) (42.12) (316.8) (0.792) (27.64) (1582.8) (3.957) (66.8) (404.2) (1.011) (51.78) 

Poa sp. III 62 0.19 25.17 58.6 0.407 10.8 126.4 0.316 26.78 - - -
(47.6) (0.12) (20.13) (139.6) (0.62) (13.0) (218.8) (0.675) (32.24) 

Potentilla peduncularis 178.4 0.55 66.61 129 0.323 39.82 449.8 1.125 86 84.6 0.261 46.92 

(25.2) (0.17) (18.93) (71.8) (0.199) (26.21) (112.4) (0.347) (28.7) (39) (0. 135) (32.26) 

Potentilla coriandrifolia 8.4 0.05 13.1 342.8 0.857 81.48 151.4 0.591 33.1 40.40 0.239 23.84 

(55.4) (0.15) (29.91) (292.4) (0.731) (74;85) (97.8) (0.382) (25.3) (27.8) (0.096) (21.44) 

Potentilla microphylla - - - 125 0.31 20.85 107.4 0.269 34.05 - - -
(31 0) (0.775) (33.03) (7.2) (0.147) - (6.21) 

Gentiana phyllocalyx 50.60 0.16 24.4 42.4 0.131 11.97 92.2 0.36 16.5 26.2 0.081 15.42 

(30) (0.08) (19.8) (46.6) (0.117) (11.8) (161.8) (0.499) (17.2) (1,9) (0.084) (10.76) 

Bistorta affinis 50.6 0.3 21.24 386.6 0.967 44.34 130.4 0.402 25.9 36 0.184 18.72 

(12) (0.08) (11.02) (401.8) ( 1.01) (39.99) (132) (0.673) (22.2) (34.4) (0.153) (18.32) 

Aletris pauciflora - - - 108.4 0.271 19.61 226.4 0.627 29.7 - - - (12.89) 

(5.0) (0.04) (9.41) (90.2) (0.226) (16.12) (78.8) (0.547) (12.1) (21.6) (0.096) 
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Parnassia nubicola 
(1.8) (0.07) (3.85) 

Phlomis rotata 5.0 0.078 4.83 
- - -

(0.8) (0.05) (2.11) 

Geranium nakaoanum 19 0.074 9.47 
- - -

(36.8) (0.218) (8.61) 

Orchis latifolia 4.6 4.6 0.8 
- - -

(0.4) (0.2) (0.94) 

Penzio sp. (26.6) ({).092) (9.31) 

Cyananthus lobatus 2.8 0.311 1.70 
- - - - - -'--"' 

(0.4) (0.1) (0.95) 

Pedicularis hoffmeisteri 5.2 0.106 4.4 4.8 0.192 3.78 - - -
(4.6) (0.072) (4.13) (-) (-) (-) 

. 
Corydalis juncea 0.2 0.05 1.02 

- - -
(1.6) (0.044) (2.84) (17.6) (0.275) (4.67) 

-
Primula sikkimensis 

- - -
(1.2) (0.075) (2.07) 

Juniperus recurva 
- - -

(0.4) (0.1) (1.02) 

Arisaema griffithii 12.8 0.128 5.91 
- - -

(0.4) (0.1) (1.02) 
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Juncus thomsonii - - - - - -(17.68) 
- - ,. 

(908) (6.306) (48.53) (75.6) (0.386) 

Euphorbia sp. 4.6 0.184 3.64 
- - - - - -

(13.6) (0.213) (4.83) 

Potentilla plurijuga 27.2 0.756 6.33 - - - (3.79) 
- - - - - -

(21.4) (0.594) (5.04) (6.0) (0.24) 

Anemone tetrasepala 
- - - - - -

(14.8) (0.411) (4.42) 

Hemiphragma 42.8 0.428 8.6 - - - (4.11) 
- - - - - -

heterophyllum (71) (0.42) (9.57) (5.2) (0.144) 

Primula calderana 6.4 0.4 4.32 
- - - - - -

(-) (-) (-) 

( - ) either absent or did not encountered in sampling quadrats 
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Table 5.5 Species richness (Margalefs index), diversity (Shannon's index), 
equitability (Buzas and Gibson's index) m.Kl concentratim~ of dominance (Simpson's 
index) in grazed and exclosure plots at different study sites along the Yuksam-Dzongrf 
trail. · 

Study sites (Ecological zones) :·Parameters Treatment 

Yuksam (warm temperate) 

Sac hen (cool temperate) 

Deorali (sub-alpine) 

/ 

Dzongri (alpine) 

Species richness Grazed 
Ex closure 

Diversity · Grazed 
Exclosure 

Equitability Grazed 
Exclosure 

Dominance Grazed 
Exclosure 

Species richness Grazed 
Exclosure 

· Diversity Grazed 
.Exclosure 

Equitability Grazed 
1 Exclosure 

Dominance Grazed 
Ex closure 

Species richness Grazed 
Exclosure 

_Diversity Grazed 
Exclosure 

Equitability Grazed 
Ex closure 

Dominance Grazed 
Exclosure 

Species richness Grazed 
Exclosure 

Diversity Grazed 
Exclosure 

Equitability Grazed 
Exclosure 

Dominance Grazed 
Exclosure 
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Growing ll10nths 

April August 

3.75 
3.36 
2.70 
2.03 
0.50 

·o.27 
0.10 
0.24 

3.07 
2.37 
2.25 
1.52 
0.38 
0.23 
0.19 
0.43 

1.19 
1.27 
1.54 
1.42 
0.42 
0.34 
0.32 
0.35 

0.71 
0.93 
1.48 
1.14 
0.63 
0.35 

/0.30 
0.47 

2.93 
3.01 
2.69 
2.66 
0.53 
0.49 
0.10 
0.10 

2.34 
2.36 
2.49 
2.29 
0.57 
0.45 
0.14 
0.20 

1.22 
1.65 
1.89 
1.93 
0.55 
0.41 
0.18 
0.15 

1.30 
1.32 
L99 
1.77 
0.56 
0.42 
0.17 
0.26 



Table 5.6 Seedling and sapling numbers of regenerating tree species in the temperate 
-·-~-

"' 
t<H·c~l (Snchcn nnd Yuk~nm ~ire~) under grn7.ed nnd exclosure condition in AliJ!liSt 

-

1/ llJI)IJ). I 

; 

Sapling (ha-1
) J Tree species Treat- Seedlings (ha-1

.) 
ment 

Sachen Yuksam Sachen Yuksam 

1998 1999 1998 1999 1998 1999 1998 1999 

Symplocos Gr 1750 1750 250 1000 1250 

ramosissima 

Ex 2250 2750 250 . 750 1000 1250 

-~. 
Viburnum Gr 2750 3250 750 1000 1000 750 500 250' 

colebrookianum 

Ex 2500 1750 1000 250 750 .1750 250 250 

Eurya Gr 2750 2250 750 . 750 

acuminata 

Ex 1500 1250 250 1750 1250 

Alnus Gr 1750 2250 

\ nepal ens is 
~--

Ex 750 250 

Zanthoxylum Gr 

acanthopodium 

Ex 750 

Prunus Gr 

cerasoides 

Ex 250 1500 

---~--
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Quercus 

lame II osa 

Castanopsis 

tribuloides 

Michelia 

lanuginosa 

Macaranga 

pustulata 

Juglans 

regia 

Cinnamomum 

obtusifolium 

Cedrela 

toona 

Or 

Ex 250 

Or 

Ex 500 

Ur 250 

Ex 750 1250 

Gr 

Ex 

Gr. 

Ex 

Gr 250 

Ex 1250 2000 

Gr 

Ex 

Gr = Grazed, Ex = Exclosure 

250 
( 

250 

250 250 

1000 750 

1750 3000 250 

250 

750 1250 

750 1250 

250 

750 1000 250 
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Fig. 5.1 Species number, density & basal area under grazed (empty circle) & exclosure (dark 
circle) plots at different elevational sites along the Yuksam-Dzongri trail. ANOV A: Species 
number- Month F 3,608=31.5, P<O.OOOl; Site F 3,608=260, P<0.0001; Treatment F 1,608=23.7, 

P <0.0001; Month x Site F 9,608=21, P<O.OOO 1, LSDco.os)=0.34; Density- Month F 3,608= 1 ?8, 
P<O.OOOl; Site F 3,608=497, P<O.OOOl; Treatment F 1,608=88, P<O.OOQl; Month x Site 
F 9,608=39.9, Month x Treatment F 3,608=15.5, P 3,608=15, P<0.0001; Site X. Treatment 

F 3,607=20.1, P<0.0001; Month x Site x Treatment F 9,607=10.~, P<0.0001, LSD(o.os)=10. 

Basal area- Month F 3,608=143, P<O.OOOl; Site F 3,608=727, P<O.OOOl; Treatmet F 1,6o8=18.9, 
P<0.0001; Month x Site F 9,608=41, P<O.OOOl; Site x Treatment F 3 ,608=24~6, P<0.0001; 

Month x Site x Treatment interaction not significant. 
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Fig. 5.2 Dominance-diversity curves for grazed (empty circle) and exclosure 
(dark circle) plots at different elevation study sites along the Yuksam-Dzongri 

trail of Khangchendzonga Biosphere Reserve 
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Fig. 5.3 Relations,hip between altitudes and species richness, diversity, equitability and 
dom'inance of herbaceous plants in grazed (empty circle) and exclosure (dark circle) sites ,,.__,-

along the Yuksam~Dzongri trail. 
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Fig. 5.4 Plant species composition changes (b~ta diversity-Simpson's index) 
under grazed and exclosure condition across the environmental gradient along the 

Yuksam-Dzongri trail in Khangchendzonga Biosphere Reserve 
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Fig. 5.5 Status of seedling and sapling of tree species in the temperate 
forest (Sachen and Yuksam sites) as affected by livestock grazing in the 

Khangchendzonga Biosphere Reserve 
( Gr = grazed, Ex = ex closure) 
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