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ABSTRACT: Thecold desert in Himalayas ar e home of unique and threatened plants. The landscapes of cold
desertsarerich in biodiversity due to unique topogr aphy, climatic conditions and variation in plant diversity
in different habitats. The plant diversity providesinformation on plant wealth of particular area. The present
investigation was conducted to know the phytodiver sity of herbsin Kibber Beat of Kibber Wildlife Sanctuary
(KWLS) during 2017-2019. The study included dominance of vegetation, diversity indices and
documentation of threatened plants. Total 12 communities, 22 family, 50 genera and 71 species wer e recor ded
during the study in Kibber Beat of the Sanctuary. Total 4 numbers of threatened plants were recorded viz.,
Arnebia euchroma, Berginia stracheyi, Physochlaena praealta and Rhodiola heterodonta. Total density/m? of
herbs varied from 7.35 to 54.85. Maximum value of diversity index (H) in communities was 2.84 and
minimum was 1.81. Ex-situ conservation of plantsisrequired to conserve the diversity of plants of the cold

desert.
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[.INTRODUCTION

Himalaya is the youngest mountains chain in the world
comprises about 10% of the total land surface of India
It shows a great endemism for flora as well fauna
Endowed with a large range of natural variety and
floristic composition, it has large number of floral and
faunal species including about 9000 species of
angiosperms, of which 3470 species considered
endemic to Himalaya, thus categorized it as one of the
biodiversity hotspot (Vermaand Kapoor, 2010).

The cold desert comes under the Trans-Himalayan zone
and covers an area of 98,980 km?. It covers an area of
82,655 km? in union territories Ladakh and Jammu &
Kashmir, 15000 km? in Lahaul-Spiti and Kinnaur in
Himachal Pradesh and 1000 km? in Nelang valley,
Mana and Niti valley (Uttarakhand). The cold desertsin
Himachal Pradesh cover nearly 35 per cent of its
geographical area (Negi, 1985). The cold deserts are
gifted with very distinct characteristics like low
precipitation, huge variation in temperature in day and
night, sandy and arid soils with low fertility and very
less humidity in atmosphere which all together give rise
to very diverse flora on earth.

The growing season in the area is short due to its
unique climatic condition and summer is only growing
period for the plants (Kapoor, 2004). The flora of
Indian Cold Desert comes under alpine and high alpine
zones. In Western, Himalaya Alpine zone where the
trees are almost absent and the flora is dominated by
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wild annual and perennial herbs followed by dwarf
bushes or shrubs (Saxena et al., 2018).

The fascinating flora of Lahaul- Spiti has attracted the
attention of many researchers for more knowledge and
diversity studies (Negi et al., 2019). The plants of cold
desert are experiencing the pressure due to habitat
destruction, climate change and over exploitation for
economical purposes by local people and other as well.
The live stocks and migratory grazers are also
responsible for degradation of fragile ecosystem due to
overgrazing.

Once biodiversity islost in any area we cannot regain it
through human efforts (Verma et al., 2003). The
guantitative assessment of floristic diversity as well as
identification and classification of plant communities
have been studied by various researchers with objective
of conservation and management (Sharma & Samant,
2019; Singh, 2008; Tilman et al., 2001; Bruno et al.,
2003; Kikvidze et al., 2005; Khanna & Shukla, 2019;
Mallick, 2020 and Rana et al., 2011). A few studies
have been conducted on community pattern by various
researchers (Gautam et al., 2011; Arya and Samant,
2016; Kaul & Sarin, 1971, Rawat & Pangtey, 1987;
Joshi & Srivastava, 1988; Negi, et al., 1992 and Samant
et al., 2002, Verma, 2015; Sharma and Mishra 2009;
Verma and Kapoor, 2010, 2014; Verma, 2017; Kumar
and Duggal, 2019). The conservation of biodiversity is
the need of the hour as well as practiced throughout the
world since long time. The 16™ Biosphere Reserve of
India is cold desert including Kibber Wild Life
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Sanctuary and Pin Valley National Park (Srivastava,
2010 and Devi et al., 2013). The notification of Kibber
Wildlife Sanctuary (KWLS) was done in 1999. There
was very less efforts made on evaluation of
communities for diversity in the sanctuary which makes
this study more helpful for the baseline information for
the scientific community and forest department.
Keeping these facts in views an attempt has been made
to record the herbs diversity of Kibber Wildlife
sanctuary.

[I.MATERIAL AND METHODS

Study area: Kibber Wildlife Sanctuary (KWLS) is
situated in Spiti division of district Lahaul and Spiti in
Himachal Pradesh. It lies between 32° 8 49.082” to 32°
45'39.903” N latitudes and 77° 47' 59.726” to 78° 31’
29.452” E longitudes. The wildlife sanctuary is
spreaded over 2220.12 km? which is bordered in the
northern catchment of the Spiti river and is enclosed by
Ladakh in the north and Tibet in the east (Kala, 2005).
The sanctuary has three beats i.e. Kibber, Langza and
Lalung. The area (Km?) of Kibber beat is 1124.50 Km?,
respectively. The research work was done in Kibber

beat in the Sanctuary. Temperature in the cold desert
generally varies from -45°C during winter to 40°C in
summers and very less rainfall (below 60 mm). The pH
of soil ranges generally from 7.4 to 9.4 (Tewari &
Kapoor, 2013). The soil has low fertility status and poor
water retention capacity (Kapoor, 2004)

Field sampling and data collection: The sitesto carry
out the studies were finalized after carrying out
thorough survey of Kibber beat in Kibber Wild Life
Sanctuary (KWLS). Attempts have been made to select
site randomly at altitudinal range between 4200 m to
5000 m amsl. The communities were identified on the
basis of Importance Vaue Index of species. Studies for
herbs were carried out by laying out the quadrats
randomly along or across the selected altitudinal
gradients. Detailed information with reference to
floristic and related ecological parameters was recorded
for each site (Table 1). Vegetation data was collected
using 40 quadrates of 1Im x 1m for herbs in al
communities except community 111 where 80 quadrates
were laid out at two locations as geocoordinates are
mentioned in Table 1.

Table 1. The geo-coordinates and other details of different identified communities of KWL Sin Himachal

Pradesh.
S. . Slope |Altitude| Latitude | Longitude
Community Types Aspect o
No. y e P | m) (N) (E)

Elymus nutans- Allium carolinianum- Lindel ofia stylosa mixed community NW 13%0 4508 |32°21'01.8" | 078°02'05.2"

2. Elymus nutans - Stipa capillata - Berginia stracheyi mixed community NW 23550 4881 |[32°21'19.8" | 078°02'54.6"
3 NW é%o 4956 |32°18°47.97|078°03’15.4”
Elymus nutans - Stipa sp.- Carex sp. mixed community NW 115°35°| 5025 132°18'55.17 |078°03°13.7"

Elymus nutans - Allium carolinianum - Arnebia euchroma - Berginia stracheyi 25°- 01— oA

4. mixed community NW 20° 4327 | 32°22'17.0" | 077°00'04.5
5. Elymus nutans - Allium carolinianum - Rheum spiciforme mixed community NW |25°-35°| 4457 |32°2220.9"|078°00'18.1"
6. Allium carolinianum - Elymus nutans - Cousinia thomsonii mixed community. NW |20°-35°| 4468 |32°2351.2"|077°58'61.2"
7. Elymus nutans - Rhodiola tibetica - Berginia stracheyi mixed community. NW [30°-35°| 4924 |32°24'10.2" | 078°00'00.4"
8. Lindelofia stylosa - Elymus nutans - Carex sp. mixed community. NW | 5°-25° | 4488 |32°1829.6"|078°01'54.7"
9. Lindel ofia stylosa - Carex sp.-Allium carolinianum mixed community. NW i%o 4807 |32°1854.7"|078°02'44.8"
10. | Berginia stracheyi -Allium carolinianum - Rhodiola tibetica mixed community. NW %Eé‘, 4467 |32°2354.1" | 077°57'35.2"
11. Calamogrostis sp. -Berginia stracheyi - Rheum tibeti cum mixed community. NW [25°-40°| 4844 |32°1854.7" | 078°02'44.8"
12. Elymus nutans - Tanacetum nubigenum - Christolea mixed community. NE ]é%D 4597 | 32°37'43.5" | 078°1912.3"

1. DATA ANALYSIS

The vegetation was analyzed by calculating the density,
frequency, abundance, IV1 using the formulas given by
Curtis and Macintosh (1950). The relative values of
density, frequency and dominance were summed to get
Importance Vaue Index (IVI) of individual species.
The abundance to frequency ratio (A/F) of different
species was determined for eliciting the distribution
pattern. This ratio indicated regular (<0.025), random
(0.025 to 0.050) and contiguous (>0.050) distribution
(Curtis and Cottam, 1956). The plant species diversity
was calculated by using Shanon-Wiener diversity Index
(H) (Shannon-Wiener, 1963). Concentration of
dominance (C) was measured by Simpson’s Index
(Simpson, 1949). Richness Index was estimated as per
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Margalef (1958) i.e. R = S-/In N whereas Evenness
Index was calculated as per Hill (1973) i.e. E=H/In S,
where S= total number of species, N= total number of
individuals of all the species, H = Index of diversity.

IV.RESULTSAND DISCUSSION

Total 71 plant species belonging to 50 general and 22
families of herbs were recorded during the study. It also
included 4 threatened plants i.e. Arnebia euchroma,
Berginia stracheyi, Physochlaena praealta and
Rhodiola heterodonta. The status of Rheum spiciforme
is near threatened (Goraya et al., 2013). Tota 12
communities of plants were found during sampling in
Kibber beat of Kibber Wildlife Sanctuary (KWLS) and
liss of name and numbers of communities are
mentioned in Table 1.

12(2): 01-12(2020) 2




(i) Elymus nutans- Allium carolinianum- Lindelofia
stylosa mixed community

Phytosociological analysis of herbs (Table 2) at
community-1 showed that total number of species of
herbs was 16. Elymus nutans showed highest value for
density/m® (2.80) followed by Allium carolinianum
(0.70), Leontopodium himalayanum (0.45), Lindelofia
stylosa (0.38) and lowest value (0.10) was observed for
Arabidopsis himalaica (Table 2). Maximum frequency
% was observed for Allium carolinianum (15.00)
followed by Elymus nutans (12.50), Corydalis
thyrsiflora (10.00) and Cousinia thomsonii (10.00) and
minimum value (5.00) was observed for Arabidopsis
himalaica, Polygonum cognatum and Potentilla bifurca
(Table 3). Maximum abundance was observed for
Elymus nutans (22.40) followed by Leontopodium
himalayanum (5.45), Allium carolinianum (4.67) and
minimum value (2.00) was observed for Arabidopsis
himalaica (Table 4). Elymus nutans (61.64) was
dominant species on the basis of VI followed by
Allium carolinianum (49.73), Lindelofia stylosa (34.60)
and least dominant was Arabidopsis himalaica (6.14)
(Table 5).

(ii) Elymus nutans - Stipa capillata - Berginia
stracheyi mixed community

A perusal of Table 2 for herbs at community-I1 showed
that total number of herbs species was 11. Elymus
nutans showed highest value for density/m? (15.85)
followed by Stipa capillata (8.63), Bergenia stracheyi
and Corydalis thyrsiflora (0.45) and lowest value (0.08)
was observed for Aconitum sp. (Table 2). Maximum
frequency % (Table 3) was observed for Elymus nutans
(20.00) followed by Bergenia stracheyi (15.00), Sipa
capillata (12.50) and minimum vaue (5.00) was
observed for Aconitum sp., Rheum tibeticum and
Saussurea nana. Maximum abundance was observed
for Elymus nutans (79.25) followed by Stipa capillata
(69.00), Corydalis thyrsiflora (6.00) and minimum
value (1.50) was observed for Aconitum sp. (Table 4).
Elymus nutans (102.00) was dominant species (Table 5)

on the basis of IVI followed by Stipa capillata (72.91),
Bergenia stracheyi (42.80) and least dominant was
Aconitum sp. (5.29).

(iii) Elymus nutans - Stipa sp.- Carex sp. mixed
community

A perusal of Table 2 for herbs showed that total number
of herbs species was 32. Elymus nutans showed highest
value for density/m® (13.20) followed by Stipa sp.
(3.36), Carex sp. (2.41) and lowest value (0.05) was
observed for Saussurea glacialis. Maximum frequency
% (Table 3) was observed for Elymus nutans (20.00)
followed Carex sp. (10.00), Elsholtzia eriostachya
(12.50), and minimum value (2.50) was observed for
Aconitum sp., Maximum abundance (Table 4) was
observed for Elymus nutans (66.00) followed by Stipa
sp.. (44.83), Carex sp. (19.30) and minimum vaue
(1.33) was observed for Saussurea glacialis. Elymus
nutans (80.31) was dominant species (Table 5) on the
basis of IVI followed by Stipa sp. (42.03), Carex sp.
(22.94) and least dominant was Aconitum sp. (1.57).

(iv) Elymus nutans - Allium carolinianum - Arnebia
euchroma - Berginia stracheyi mixed community
Phytosociological analysis of herbs (Table 2) showed
that total number of species of herbs was 15. Elymus
nutans showed highest value for density/m? (3.15)
followed by Berginia stracheyi (0.70) and lowest value
(0.13) was observed for Aconitum sp. and Geranium
himalayense (Table 2). Maximum frequency % (Table
3) was observed for Elymus nutans (25.00) followed by
Aconogonum tortuosum (15.00) and minimum value
(5.00) was observed for Aconitum sp., Bistoria affinis,
Gentiana tianschanica and Geranium himalayense.
Maximum abundance (Table 4) was observed for
Bistorta affinis (13.00) followed by Elymus nutans
(12.60), and minimum value (2.33) was observed for
Lindel ofia stylosa. Elymus nutans (55.42) was dominant
species (Table 5) on the basis of VI followed by
Arnebia euchroma (29.60), Berginia stracheyi (28.32)
and least dominant was Aconitum sp. (4.61).

Table 2: Density (Ind./m?) of specieswithin different identified communities of KWL Sin Himachal Pradesh.

S. . Community Types
No. Plant Species [ Il m v [ v v [vin[vin] ix X X1 [ XIi

1 Aconitum sp. 0.08 0.06 | 0.13 0.08 0.08

2 | Aconogonum ‘Of";f:m (D. Don) H. 011 | 063 045 0.25

3 Allium carolinianum DC. 0.7 0.3 0.14 | 065 | 043 | 423 0.38 24 6.8

4 Alyssum desertorum Stapf 0.58
5. Androsace delavayi Franch. 113

Arabidopsis himalaica (Edgew.) O. E.
6. 0.1
Schulz
7. | Arnebiaeuchroma (Royle ex Benth,) . 010 | 065 | 023 | 09 013 428
M. Johnston
Artemisia gmelinii Weber ex Stechm. 0.15 0.23
9. Artemisia salsoloides Willd. 0.28
10. Artemisia sp. 0.4
Askellia flexuosa (Ledeb.) W. A.

11. Weber 0.83
12. Aster flaccidus Bunge 04 0.65

13. Astragalus sp. 0.73 0.15

14. Astragalus rhizanthus Benth. 0.3 0.08 0.15 | 0.98 0.05 0.15 2.55 1.55

15, Berginia stracheyi (Hook.f. & 045 | 054 | 07 | 053] 04 | 123 | 04 | 02 | 313 | 105

Thomson) Engl.
16. Biebersteinia odora Stephan ex Fisch. 0.15
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17.. Bistorta affinis (D.Don) Greene 0.65

18. Calamogrostis sp. 40

19. Carex sp. 241 0.53 295 | 5.05

20. Christolea crassifolia Cambess. 0.24 | 0.38 1.3

21 Christolea hi ma“!gfyr?wsis (Cambess.) 0.05

22. Corydalis crassifolia Royle 0.45 0.3 0.58

23. Corydalisthyrsiflora Prain 0.4 0.45 0.21

24. Cousinia thomsonii C. B. Clarke 0.33 0.20 1.18 0.3 0.1

25. Dracocephalum heter ophyllum Benth. 0.14 0.9 0.35

26. Elsholtzia eriostachya (Benth.) Benth. 0.56

217. Elymus nutans Griseb. 28 | 1585 | 1320 | 3.15 | 3.13 | 11.85 | 895 8.63 6.13 6.18

28. Erigeron poncinsii (Franch.) Botsch. 0.10 1.38

29. Eritrichium canum (Benth.) Kitam. 0.33 0.5

30. Gagea lutea (L.) Ker Gawl. 0.23

Gentiana moorcroftiana (Wall. ex

3L Griseb.) Airy g 0.18

32. Gentiana tianschanica Rupr. ex Kusn. 0.18 | 0.13 0.2

33. Geranium himalayense Klotzsch 0.16 | 0.13 0.23 0.05 0.18 0.78

34, Geranium lambertii Sweet 0.15

35. Heracleum pinnatum C.B. Clarke 0.55 0.45 0.5

36. Kobresia royleana (Nees) Boeckeler 3.13

37. Leontopodium himalayanum DC. 0.45

38. Lindelofia stylosa (Kar. & Kir.) Brand | 0.38 0.10 | 035 | 0.23 | 058 14 5.25 1.48

39. Myosotis alpestris F. W. Schmidt 0.29

40. Nepeta eriostachya Benth. 0.26 1.13

41. Nepeta podostachys Benth. 0.29 0.43 2

42, Nepeta sp. 0.43 0.7

43, Oxytropis microphylla (Pall.) DC. 1.18

44, Oxytropis mollis Benth. 0.3 0.13 0.08

5. Paraquil egl re; nrq:’]?]r%?rll-)l,ll,ll {ac r(1|.?0er) JR 0,65 033 07

46. Physochlaina praealta (Walp.) Miers. 0.3

47. Plantago depressa Willd. 0.08 0.15

48. Plantago sp. 0.38

49, Polygonum cognatum Meisn. 0.23

50. Potentilla argyrophylla Wall. ex Lehm. 0.23 0.30 0.53 0.23 1.03

51. Potentilla bifurca Linn. 0.15 0.35 2.05

52. Potentilla desertorum Bunge 0.1

53. Potentilla nivea Linn. 0.2

54, Potentilla sp. 0.2 065 | 013 | 0.33 1.23 0.23

55. Rheum spiciforme Royle 0.15 0.20 0.35 | 015 0.15 0.23 0.15

56. Rheum tibeticum Maxim. ex Hook. f. 0.1 4

57, Rhodiola crenulata (Hook. f. Thomson) 16

& Ohba
58, Rhodiola heterotécz)r:gs(Hook. f.& Th.) 024 038 03 063 038
Rhodiola tibetica (Hook.f. &

59. Thompson) S(H. Fu 1.15 39 0.6 9.78

60. Rhodiola wallichiana (Hook.) SH. Fu 1.2

61 Rosularia alpestris (Kar. & Kir.) 028

Boriss.

62. Saussurea glacialis Herder. 0.05 0.1

63. Saussurea nana (Pamp.) Pamp. 0.15 0.08 0.18

64. Stipa capillata Linn. 8.63

65. Stipa sp. 3.36 1.18

66. Tanacetum nubigenum Wall. ex DC. 1.78

67. Taraxacum officinale Wigg. 0.15 0.16 0.2

68. Thalictrum cultratum Wall. 0.3 0.33 0.2

69. Thalictrum foetidum Linn. 0.23 0.33

70. Thermopsis inflata Cambess. 0.35 0.45 04 0.48

71. Thymus linearis Benth. 0.1

Total 735 | 2652 | 2472 | 953 | 885 | 2558 | 17.06 | 20.24 | 20.58 | 39.68 | 54.85 | 12.15

Abbreviation used: | = Elymus nutans- Allium carolinianum- Lindelofia stylosa mixed community, 11= Elymus nutans - Stipa capillata - Berginia

stracheyi mixed community, I11=Elymus nutans - Stipa sp.- Carex sp. mixed community, |V= Elymus nutans - Allium carolinianum - Arnebia euchroma -
Berginia stracheyi mixed community, V= Elymus nutans - Allium carolinianum - Rheum spiciforme mixed community, VI= Allium carolinianum - Elymus
nutans - Cousinia thomsonii mixed community, VI1= Elymus nutans - Rhodiola tibetica - Berginia stracheyi mixed community, VI11= Lindelofia stylosa -
Elymus nutans - Carex sp. mixed community, IX= Lindelofia stylosa - Carex sp.- Allium carolinianum mixed community, X= Berginia stracheyi -Allium
carolinianum - Rhodiola tibetica mixed community, XI= Calamogrostis sp. -Berginia stracheyi - Rheum tibeticum mixed community and XII= Elymus
nutans - Tanacetum nubigenum - Christolea mixed community.
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(v) Elymus nutans - Allium carolinianum - Rheum
spiciforme mixed community

A perusal of Table 2 showed that total number of herbs
species was 20. Elymus nutans showed highest value
for density/m? (3.13) followed by Paraquilegia
microphylla (0.65), Berginia stracheyi and Carex sp.
(0.53) and lowest value (0.10) was observed for Thymus
linearis (Table 2). Maximum frequency % was
observed (20.00) for Allium carolinianum and Elymus
nutans followed by Berginia stracheyi (17.50) and
minimum value (5.00) was observed for Biebersteinia

odora, Carex sp., Gentiana tianschanica, Geranium
lambertii, Plantago depressa, Potentilla sp. Thermopsis
inflate and Thymus linearis (Table 3). Maximum
abundance was observed for Elymus nutans (15.63)
followed by Carex sp. (10.50) and minimum value
(2.00) was observed for Astragalus rhizanthus and
Thymus linearis (Table 4). Elymus nutans (57.66) was
dominant species (Table 5) on the basis of 1VI followed
by Allium carolinianum (37.70) and least dominant was
Thymus linearis (4.41).

Table 3: Frequency percent of specieswithin different identified communities of KWL Sin Himachal

Pradesh.
. Community Types
SNo. Plant species [ D] [V ]V [ V[Vl [vin]ix ] X [ X [xXi
1. Aconitum sp. 5 250 5 25 25
2. Aconogonum tortuosum (D. Don) H. Hara 2.50 15 75 5
3. Allium carolinianum DC. 15 10 375 | 125 | 20 50 125 20 40
4. Alyssum desertorum Stapf 15
5. Androsace delavayi Franch. 15
6. Arabidopsis himalaica (Edgew.) O. E. Schulz 5
7. Arnebia euchroma (Royle ex Benth.) I. M. Johnston 5.00 10 75 | 125 25 30
8. Artemisia gmelinii Weber ex Stechm. 5.00 5
9. Artemisia salsoloides Willd. 75
10. Artemisia sp. 10
11 Askellia flexuosa (Ledeb.) W. A. Weber 125
12. Aster flaccidus Bunge 75 | 175
13. Astragalus sp. 5 25
14. Astragalus rhizanthus Benth. 75 3.75 75 | 125 5 10 125 | 175
15. Berginia stracheyi (Hook.f.& Thomson) Engl. 15 | 1125 | 10 | 175 | 75 | 175 | 75 5 20 | 125
16. Biebersteinia odora Stephan ex Fisch. 5
17. Bistorta affinis (D.Don) Greene 5
18. Calamogrostis sp. 30
19. Carex sp. 12.50 5 125 30
20. Christolea crassifolia Cambess. 7.50 75 20
21 Christolea himalayensis (Cambess.) Jafri 25
22. Corydalis crassifolia Royle 75 5 75
23. Corydalis thyrsiflora Prain 10 75 5.00
24. Cousinia thomsonii C. B. Clarke 10 8.75 50 75 5
25. Dracocephalum heterophyllum Benth. 2.50 10 7.5
26. Elsholtzia eriostachya (Benth.) Benth. 11.25
27. Elymus nutans Griseb. 125 | 20 | 2000 | 25 20 | 375 | 20 | 125 20 30
28. Erigeron poncinsii (Franch.) Botsch. 5.00 125
29. Eritrichium canum (Benth.) Kitam. 75 10
30. Gagea lutea (L.) Ker Gawl. 75
31. Gentiana moorcroftiana (Wall. ex Griseb.) Airy Shaw 750
32. Gentiana tianschanica Rupr. ex Kusn. 5 5 5
33. Geranium himalayense Klotzsch 8.75 5 75 25 75 | 125
34. Geranium lambertii Sweet 5
35. Heracleum pinnatum C.B. Clarke 10 | 125 5
36. Kobresia royleana (Nees) Boeckeler 75
37. Leontopodium himalayanum DC. 8.25
38. Lindelofia stylosa (Kar. & Kir.) Brand 15 5.00 15 75 | 75 225 | 45 75
39. Myosotis alpestris F. W. Schmidt 5.00
40. Nepeta eriostachya Benth. 2.50 25
41 Nepeta podostachys Benth. 5.00 15 | 275
42. Nepeta sp. 125 7.5
43. Oxytropis microphylla (Pall.) DC. 20
44. Oxytropis mollis Benth. 75 75 3.75
45. Paraguilegia microphylla (Royle) JR Drumm. & Hutch. 75 5 10
46. Physochlaina praealta (Walp.) Miers. 25
47. Plantago depressa Willd. 5.00 5
48. Plantago sp. 75
49. Polygonum cognatum Meisn. 5
50. Potentilla argyrophylla Wall. ex Lehm. 75 8.75 75 5 125
51 Potentilla bifurca Linn. 5 125 30
52. Potentilla desertorum Bunge 5
53. Potentilla nivea Linn. 75
54. Potentilla sp. 75 10 5 5 175 75
55. Rheum spiciforme Royle 75 8.75 10 75 10 5 75
56. Rheum tibeticum Maxim. ex Hook. f. 5 15
57. Rhodiola crenulata (Hook. f. Thomson) & Ohba 275
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58. Rhodiola heterodonta (Hook. f. & Th.) Boriss 7.50 75 25 5 10
59. Rhodiola tibetica (Hook.f. & Thompson) S. H. Fu 75 | 125 125 | 225
60. Rhodiola wallichiana (Hook.) S.H. Fu 2.5
61. Rosularia alpestris (Kar. & Kir.) Boriss. 75
62. Saussurea glacialis Herder. 3.75 5
63. Saussurea nana (Pamp.) Pamp. 3.75 5
64. Stipa capillata Linn. 125
65. Stipa sp. 7.50 5
66. Tanacetum nubigenum Wall. ex DC. 35
67. Taraxacum officinale Wigg. 7.5 7.50 7.5
68. Thalictrum cultratum Wall. 75 2.50 7.5
69. Thalictrum foetidum Linn. 75 75
70. Thermopsis inflata Cambess. 3.75 5 5 75
71 Thymus linearis Benth. 5
Abbreviation used: 1= Elymus nutans- Allium carolinianum- Lindelofia stylosa mixed community, 1= Elymus nutans - Stipa capillata - Berginia

stracheyi mixed community, |11=Elymus nutans - Stipa sp.- Carex sp. mixed community, 1V= Elymus nutans - Allium carolinianum - Arnebia euchroma -
Berginia stracheyi mixed community, V= Elymus nutans - Allium carolinianum - Rheum spiciforme mixed community, VI= Allium carolinianum - Elymus
nutans - Cousinia thomsonii mixed community, VI1= Elymus nutans - Rhodiola tibetica - Berginia stracheyi mixed community, VI11= Lindelofia stylosa -
Elymus nutans - Carex sp. mixed community, IX= Lindelofia stylosa - Carex sp.- Allium carolinianum mixed community, X= Berginia stracheyi -Allium
carolinianum - Rhodiola tibetica mixed community, XI= Calamogrostis sp. -Berginia stracheyi - Rheum tibeticum mixed community and X11= Elymus

nutans - Tanacetum nubigenum - Christolea mixed community.

(vi) Allium carolinianum - Elymus nutans - Cousinia
thomsonii mixed community

Phytosociological analysis of herbs (Table 2) showed
that total number of species of herbs was 18. Elymus
nutans showed highest value for density/m? (11.85)
followed by Allium carolinianum (4.23), Cousinia
thomsonii (1.18) and lowest value (0.15) was observed
for Rheum spiciforme (Table 2). Maximum frequency
% was observed for Allium carolinianum and Cousinia
thomsonii (50.00) followed by Elymus nutans (37.50)
and minimum value (5.00) was observed for Potentilla
sp. and Thermopsis inflate (Table 3). Maximum
abundance was observed for Elymus nutans (31.60)
followed by Rhodiola tibetica (15.33), Nepeta sp.
(9.33) and minimum vaue (2.00) was observed for
Rheum spiciforme (Table 4). Allium carolinianum
(69.44) was dominant species (Table 5) on the basis of
IVI followed by Elymus nutans (65.55), Cousinia
thomsonii (53.43) respectively and least dominant was
Thalictrum cultratum (3.95).

(vii) Elymus nutans - Rhodiola tibetica - Berginia
stracheyi mixed community

A perusal of Table 2 showed that total number of herbs
species was 11. Elymus nutans showed highest value
for density/m? (8.95) followed by Rhodiola tibetica
(3.90), Berginia stracheyi and Potentilla sp. (1.23) and
lowest value (0.05) was observed for Astragalus
rhizanthus and Geranium himalayense (Table 2).
Maximum frequency % was observed for Elymus
nutans (20.00) followed by Aster flaccidus, Berginia
stracheyi and Potentilla sp. (17.50) and minimum value
(2.50) were observed for Geranium himalayense (Table
3). Maximum abundance was observed for Elymus
nutans (44.75) followed by Rhodiola tibetica (31.20),
Potentilla sp. (7.00) and minimum value (1.00) was
observed for Astragalus rhizanthus (Table 4). Elymus
nutans (116.00) was dominant species (Table 5) on the
basis of 1VI followed by Rhodiola tibetica (59.72) and
least dominant was Geranium himalayense (2.44).

(viii) Lindelofia stylosa - Elymus nutans - Carex sp.
mixed community

A perusal of Table 2 showed that total number of herbs
species was 22. Elymus nutans showed highest value
for density/ m? (8.63) followed by Carex sp. (2.95) and
lowest value (0.08) was observed for Aconitum sp.
(Table 2). Maximum fregquency % (Table 3) was
observed for Lindelofia stylosa (22.50) followed by
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Nepeta podostachys (15.00) and minimum value was
observed for was Aconitum sp. and Arnebia euchroma
(2.50). Maximum abundance was observed for Elymus
nutans (69.00) followed by Carex sp. (23.60), Stipa sp.
(23.50) and minimum value (1.50) was observed for
Astragalus rhizanthus (Table 4). Lindelofia stylosa
(56.42) was dominant species (Table 5) on the basis of
IVI followed by Elymus nutans (55.90), Carex sp.
(39.47) and least dominant was Aconitum sp. (1.77).

(ix) Lindelofia stylosa - Carex sp. -Allium
carolinianum mixed community

A perusal of Table 2 for herbs showed that total number
of herb species was 16. Lindelofia stylosa showed
highest value for density/m? (5.25) followed by Carex
sp. (5.05) and lowest value (0.08) was observed for
Aconitum sp (Table 2). Maximum frequency % was
observed for Lindelofia stylosa (45.00) followed by
Carex sp. (30.00) and minimum value (2.50) was
observed for Aconitum sp., Astragalus sp. Rhodiola
heterodonta (Table 3). Maximum abundance was
observed for Astragalus rhizanthus (20.40) followed by
Carex sp. (16.83) and minimum value (3.00) was
observed for Aconitum sp. (Table 4). Lindelofia stylosa
(70.22) was dominant species on the basis of VI (Table
5) followed by Carex sp. (65.00) and least dominant
was Aconitumsp. (1.71).

(x) Berginia stracheyi -Allium carolinianum -
Rhodiola tibetica mixed community

A perusal of Table 2 showed that total number of
species of herbs was 19. Rhodiola tibetica showed
highest value for density/m? (9.78) followed by Allium
carolinianum (6.80) and lowest value (0.10) was
observed for Potentilla desertorum (Table 2).
Maximum frequency % was observed for Allium
carolinianum (40.00) followed by Arnebia euchroma
(30.00), Potentilla bifurca (30.00), Rhodiola crenulata
(27.50) and minimum value (2.50) were observed for
Nepeta eriostachya and Rhodiola wallichiana (Table
3). Maximum abundance (Table 4) was observed for
Rhodiola wallichiana (48.00) followed by Nepeta
eriostachya (45.00), Rhodiola tibetica (43.44) and
minimum (2.00) was Cousinia thomsonii and Potentilla
desertorum. Bergenia stracheyii (81.88) was dominant
species (Table 5) on the basis of VI followed by Allium
carolinianum (37.48), Rhodiola tibetica (37.50) and
least dominant was Potentilla desertorum (2.31).
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Table 4. Abundance of specieswithin different identified communities of KWL Sin Himachal Pradesh.

S. . Community Types
No. Plant species | I T TV vV v | v i X [ X [ X0
1. Aconitum sp. 15 250 | 25 3 3
2. Aconogonum tortuosum (D. Don) H. Hara 450 | 417 6 5
3. Allium carolinianum DC. 4.67 3 367 | 52 | 213 | 845 3 12 17
4., Alyssum desertorum Stapf 3.83
5. Androsace delavayi Franch. 75
6. Arabidopsis himalaica (Edgew.) O. E. Schulz 2
7. Arnebia euchroma (Royle ex Benth.) I. M. Johnston 200 | 65 3 7.2 5 14.25
8. Artemisia gmelinii Weber ex Sechm. 3.00 45
9. Artemisia salsoloides Willd. 3.67
10. Artemisia sp. 4
11 Askellia flexuosa (Ledeb.) W. A. Weber 6.6
12. Aster flaccidus Bunge 533 | 371
13. Astragalus sp. 14.5 6
14. Astragalus rhizanthus Benth. 4 2.00 2 7.8 1 15 204 | 8.86
15. Berginia stracheyi (Hook.f. & Thomson) Engl. 3 4.78 7 3 5.33 7 5.33 4 1563 | 84
16. Biebersteinia odora Stephan ex Fisch. 3
17. Bistorta affinis (D.Don) Greene 13
18. Calamogrostis sp. 133.3
10. Carex sp. 19.30 105 23.6 | 16.83
20. Christolea crassifolia Cambess. 317 5 6.5
21. Christolea himalayensis (Cambess.) Jafri 2
22. Corydalis crassifolia Royle 6 6 7.67
23. Corydalis thyrsiflora Prain 4 6 4.25
24. Cousinia thomsonii C. B. Clarke 3.25 2.29 235 4 2
25. Dracocephalum heter ophyllum Benth. 5.50 9 4.67
26. Elsholtzia eriostachya (Benth.) Benth. 5.00
217. Elymus nutans Griseb. 224 | 79.25 | 66.00 | 12.6 | 1563 | 316 | 4475 | 69 30.63 | 20.58
28. Erigeron poncinsii (Franch.) Botsch. 2.00 11
29. Eritrichium canum (Benth.) Kitam. 4.33 5
30. Gagea lutea (L.) Ker Gawl. 3
31 Gentiana moorcroftiana (Wall. ex Griseb.) Airy Shaw 2.33
32. Gentiana tianschanica Rupr. ex Kusn. 35 25 4
33. Geranium himalayense Klotzsch 186 | 25 3 2 2.33 6.2
34. Geranium lambertii Sweet 3
35. Heracleum pinnatum C.B. Clarke 55 3.6 10
36. Kobresia royleana (Nees) Boeckeler 41.67
37. Leontopodium himalayanum DC. 5.45
38. Lindelofia stylosa (Kar. & Kir.) Brand 25 2.00 | 2.33 3 7.67 6.22 | 11.67 | 19.67
39. Myosotis al pestris F. W. Schmidt 5.75
40. Nepeta eriostachya Benth. 10.50 45
41, Nepeta podostachys Benth. 5.75 283 | 7.27
42. Nepeta sp. 34 9.33
43. Oxytropis microphylla (Pall.) DC. 5.88
44, Oxytropis mollis Benth. 4 167 | 2.00
45. | Paraquilegia microphylla (Royle) J.R Drumm. & Hutch. 8.67 6.5 7
46. Physochlaina praealta (Walp.) Miers. 12
47. Plantago depressa Willd. 1.50 3
48. Plantago sp. 5
49, Polygonum cognatum Meisn. 45
50. Potentilla argyrophylla Wall. ex Lehm. 3 343 7 45 8.2
51. Potentilla bifurca Linn. 3 28 6.83
52. Potentilla desertorum Bunge 2
53. Potentilla nivea Linn. 2.67
54. Potentilla sp. 2.67 6.5 25 6.5 7 3
55. Rheum spiciforme Royle 2 2.29 35 2 15 45 2
56. Rheum tibeticum Maxim. ex Hook. f. 2 26.67
57. Rhodiola crenulata (Hook. f. Thomson) & Ohba 5.82
58. Rhodiola heterodonta (Hook. f. & Th.) Boriss 317 5 12 125 | 3.75
59. Rhodiola tibetica (Hook.f. & Thompson) S. H. Fu 1533 | 31.2 48 | 4344
60. Rhodiola wallichiana (Hook.) S.H. Fu 48
61 Rosularia alpestris (Kar. & Kir.) Boriss. 3.67
62. Saussurea glacialis Herder. 1.33 2
63. Saussurea nana (Pamp.) Pamp. 3 2.00 35
64. Stipa capillata Linn. 69
65. Sipa sp. 44.83 235
66. Tanacetum nubigenum Wall. ex DC. 5.07
67. Taraxacum officinale Wigg. 2 217 2.67
68. Thalictrum cultratum Wall. 4 13.00 2.67
69. Thalictrum foetidum Linn. 3 4.33
70. Thermopsis inflata Cambess. 9.33 9 8 6.33
71 Thymus linearis Benth. 2
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Abbreviation used: 1= Elymus nutans- Allium carolinianum- Lindelofia stylosa mixed community, 1= Elymus nutans - Stipa capillata - Berginia
stracheyi mixed community, |11=Elymus nutans - Stipa sp.- Carex sp. mixed community, |V= Elymus nutans - Allium carolinianum - Arnebia euchroma -
Berginia stracheyi mixed community, V= Elymus nutans - Allium carolinianum - Rheum spiciforme mixed community, VI= Allium carolinianum - Elymus
nutans - Cousinia thomsonii mixed community, VI1= Elymus nutans - Rhodiola tibetica - Berginia stracheyi mixed community, VIl1= Lindelofia stylosa -
Elymus nutans - Carex sp. mixed community, IX= Lindelofia stylosa - Carex sp.- Allium carolinianum mixed community, X= Berginia stracheyi -Allium
carolinianum - Rhodiola tibetica mixed community, XI= Calamogrostis sp. -Berginia stracheyi - Rheum tibeticum mixed community and XII= Elymus
nutans - Tanacetum nubigenum - Christolea mixed community.

Table5: Importance Value Index (1VI) of specieswithin different identified communities of KWLSin
Himachal Pradesh.

. Community Types
S-No. Plant Species I m v v VI [ Vil [ Vil [ IX X X1 Xii
1. Aconitum sp. 5.29 157 461 177 171
Aconogonum tortuosum (D.
2. Don) H. Hara 1.96 174 5.29 4,12
3. Allium carolinianum DC. 49.7 174 5.12 35.2 37.7 69.4 10.8 318 375
4. Alyssum desertorum Stapf 31.9
5. Androsace delavayi Franch. 13.7
Arabidopsis himalaica
6. (Edgew.) O. E. Schulz 6.14
Arnebia euchroma (Royle ex
7. Benth.) I. M. Johnston 711 296 | 836 | 143 247 26.7
Artemisia gmelinii Weber ex 597 39
Stechm.
. Artemisia salsoloides Willd. 3.94
10. Artemisia sp. 111
Askellia flexuosa (Ledeb.) W.
11. A Weber 26.9
12. Aster flaccidus Bunge 5.21 215
13. Astragalus sp. 7.35 3.16
14. Astragalus rhizanthus Benth. 133 2.40 12.7 11.6 4.7 6.05 22.1 11.7
Berginia stracheyi
15. (Hook f.& Thomson) Engl. 42.8 9.85 28.3 195 71 35 115 | 6.27 | 819 | 483
Biebersteinia odora Stephan ex
16. Fisch. 557
17. Bistorta affinis (D.Don) Greene 24.6
18. Calamogrostis sp. 116
19. Carex sp. 2294 10.7 395 65
20. Christolea crassifolia Cambess. 5.84 131 44
Christolea himalayensis
21 (Cambess) Jafri 197
22. Corydalis crassifolia Royle 125 6.74 8.38
23. Corydalisthyrsiflora Prain 143 | 9.86 3.84
24, Cousinia thomsonii C. B. 321 9.94 534 101 261
Clarke
Dracocephalum heterophyllum
25. Benth, 450 9.08 5.92
2. Elsholtzia eriostachya (Benth.) 8.97
Benth.
27. Elymus nutans Griseb. 616 102 8031 | 554 | 57.7 65.5 116 55.9 271 87.2
Erigeron poncinsii (Franch.)
28. Botsch. 581 10.8
20, Eritrichium canum (Benth.) 118 143
Kitam.
30. Gagea lutea (L.) Ker Gawl. 59
Gentiana moorcroftiana (Wall.
3L ex Griseb.) Airy Shaw 4.86
20 Gentiana tianschanica Rupr. ex 118 505 417
Kusn.
Geranium himalayense
33. Klotzsch 531 4.79 3.96 244 4.96 122
34. Geranium lambertii Sweet 5.14
Heracleum pinnatum C.B.
35. Clarke 7.05 131 3.48
Kobresiaroyleana (Nees)
36. Boeckeler 13
37, Leontopodi ulrjngl malayanum 138
3, | Lindelofia S‘g?;‘ d(Ka’ A& KIN) | 546 341 | 236 | 164 | 972 564 | 702 | 176
Myosotis alpestris F. W.
39. Schmidit 452
40. Nepeta eriostachya Benth. 3.01 4.08
41 Nepeta podostachys Benth. 4.23 14.9 264
42. Nepeta sp. 134 6.84
2. Oxytropis mi Igré)phyl la (Pall.) 29
44, Oxytropis mollis Benth. 11.1 851 2.62
Paraquilegia microphylla
45 (Royle) JR Drumm. & Hutch. 14 281 851
6. Physochlaina praeal ta (Walp.) 152
Miers.
47. Plantago depressa Willd. 3.06 6.55
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48. Plantago sp. 6.88
49. Polygonum cognatum Meisn. 7.68
50. Potentilla argyrophylla Wall. 953 | 633 123 | 438 1
ex Lehm.
51. Potentilla bifurca Linn. 6.23 105 17
52. Potentilla desertorum Bunge 231
53. Potentilla nivea Linn. 8.37
54. Potentilla sp. 8.85 146 | 474 45 224 35
55. Rheum spiciforme Royle 123 | 1367 264 | 774 | 116 6.74 9.57
56. Rheum tibeticum Maxim. ex 558 29
Hook. f.
Rhodiola crenulata (Hook. f.
57. Thomson) & Ohba 158
Rhodiola heterodonta (Hook. f.
58. & Th,) Boriss 9.85 239 926 | 4.03 19.2
Rhodiola tibetica (Hook.f. &
50. Thompson) S. H. Fu 102 | 597 244 | 366
Rhodiola wallichiana (Hook.)
60. SH. Fu 4.93
Rosularia alpestris (Kar. &
61. Kir.) Boriss. 9.24
62. Saussurea glacialis Herder. 2.34 7.17
63. Saussurea nana (Pamp.) Pamp. 135 5.80 522
64. Stipa capillata Linn. 72.9
65. Sipa sp. 42.03 11.7
66. Tanacetum nugl genum Wall. ex 65.8
67. Taraxacum officinale Wigg. 9.04 475 7.14
68. Thalictrum cultratum Wall. 104 333 3.95
69. Thalictrum foetidum Linn. 9.35 5.61
70. Thermopsis inflata Cambess. 476 8.58 51 8.77
71. Thymus linearis Benth. 441
Total 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0 | 300.0

Abbreviation used:

1= Elymus nutans- Allium carolinianum- Lindelofia stylosa mixed community, Il= Elymus nutans - Stipa capillata - Berginia

stracheyi mixed community, |11=Elymus nutans - Stipa sp.- Carex sp. mixed community, 1V= Elymus nutans - Allium carolinianum - Arnebia euchroma -
Berginia stracheyi mixed community, V= Elymus nutans - Allium carolinianum - Rheum spiciforme mixed community, VI= Allium carolinianum - Elymus
nutans - Cousinia thomsonii mixed community, VI1= Elymus nutans - Rhodiola tibetica - Berginia stracheyi mixed community, VI11= Lindelofia stylosa -
Elymus nutans - Carex sp. mixed community, IX= Lindelofia stylosa - Carex sp.- Allium carolinianum mixed community, X= Berginia stracheyi -Allium
carolinianum - Rhodiola tibetica mixed community, XI= Calamogrostis sp. -Berginia stracheyi - Rheum tibeticum mixed community and XII= Elymus

nutans - Tanacetum nubigenum - Christolea mixed community.

Table 6: Concentration of dominance (C), diversity index (H), richnessindex (R) and evennessindex (E)of
different identified communities of KWL S in Himachal Pradesh.

Evenness
SNo. Communities Concentration Diversity Index | Richness|ndex Index
T of Dominance (C) (H) (R) (E)
1 Elymus nutans- Allium carollnlanqm— Lindelofia stylosa mixed 011 247 264 0.89
community
5 Elymus nutans - Stipa capillata - Berginia stracheyi mixed 021 189 144 0.79
community
3. Elymus nutans - Stipa sp.- Carex p. mixed community 0.11 284 4.08 0.82
Elymus nutans - Allium carolinianum - Arnebia euchroma -
4 Berginia stracheyi mixed community 0.09 252 236 0.93
5 Elymus nutans - Allium carollnlanqm - Rheum spiciforme mixed 0.09 271 324 0.90
community
Allium carolinianum - Elymus nutans - Cousinia thomsonii
6. mixed community. 0.14 2.33 245 0.81
7 Elymus nutans - Rhodiola ti betlcg - Berginia stracheyi mixed 0.22 186 153 0.78
community.
8. Lindelofia stylosa - Elymus nutans - Carex sp. mixed 0.10 264 314 0.85
community.
9 Lindelofia stylosa - Carex sp.—AI_Ilum carolinianum mixed 0.14 208 223 082
community.
Berginia stracheyi -Allium carolinianum - Rhodiola tibetica
10. mixed community. 0.13 242 244 0.82
1. Calamogrostis sp. -Berginia srach_eyl - Rheum tibeticum mixed 021 1.90 130 0.79
community.
12 Elymus nutans - Tanacetum nubigenum - Christolea mixed 0.19 181 0.97 0.93
community.

(xi) Calamogrostis sp. -Berginia stracheyi - Rheum
tibeticum mixed community

A perusal of Table 2 showed that total number of herbs
species was 11. Calamogrostis sp. showed highest
value for density/m? (40.00) followed by Elymus nutans
(6.13), Rheum tibeticum (4.00) and lowest value (0.05)
was observed for Christolea himalayensis (Table 2).
Maximum  frequency % was observed for
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Calamogrostis sp. (30.00) followed by Elymus nutans
(20.00), Androsace delavayi (15.00) and Rheum
tibeticum (15.00) and minimum value (2.00) was
observed for Christolea himalayensis (Table 3).
Maximum abundance was observed for Calamogrostis
sp. (133.33) followed by Elymus nutans (30.63), Rheum
tibeticum (26.67) and minimum value (2.50) was
observed for Christolea himalayensis and Rheum
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speciforme (Table 4). Calamogrostis sp. (115.74) was
dominant species on the basis of 1VI (Table 5) followed
by Berginia stracheyi (48.34), Rheum tibeticum (39.04)
and least dominant was Christolea himalayensis (1.97).
(xii) Elymus nutans - Tanacetum nubigenum -
Christolea mixed community

A perusal of Table 2 showed that total number of herbs
species was 7. Elymus nutans showed highest value for
density/ m? (6.18) followed by Tanacetum nubigenum
(1.78) and Christolea crassifolia (1.30) and lowest
value (0.30) was observed for Physochlaina praealta
(Table 2). Maximum frequency % was observed for
Tanacetum nubigenum (35.00) followed by Elymus
nutans (30.00) and minimum value (2.50) was observed
for Physochlaina praealta (Table 3). Maximum
abundance was observed for Elymus nutans (20.58)
followed by Physochlaina praealta (12.00), Askellia
flexuosa (6.60) and minimum vaue (3.83) was
observed for Alyssum desertorum (Table 4). Elymus
nutans (87.20) was dominant species on the basis of 1V
(Table 5) followed by Tanacetum nubigenum (65.80),
Christolea crassifolia (44.00) and least dominant was
Physochlaina praealta (15.24).

Distribution pattern:

Contiguous distribution pattern was observed for al the
herbs speciesin all the communities.

Concentration of dominance (C):

Maximum value of concentration of dominance (C) was
0.22 in Elymus nutans - Rhodiola tibetica - Berginia
stracheyi mixed community followed by 0.21 in
Elymus nutans - Sipa capillata - Berginia stracheyi
mixed community and minimum value 0.09 in Elymus
nutans - Allium carolinianum - Arnebia euchroma -
Berginia stracheyi mixed community and Elymus
nutans - Allium carolinianum - Rheum spiciforme
mixed community (Table 6).

Diversity index (H):

Highest value of diversity index (H) was 2.84 in Elymus
nutans - Sipa sp.- Carex sp. mixed community
followed by 271 in Elymus nutans - Allium
carolinianum - Rheum spiciforme mixed community
and lowest was 1.81 in Elymus nutans - Tanacetum
nubigenum - Christolea mixed community (Table 6).
Speciesrichnessindex (R):

Maximum value of richness index (R) was 4.08 in
Elymus nutans -Stipa sp.- Carex sp. mixed community
followed by 324 in Elymus nutans - Allium
carolinianum - Rheum spiciforme mixed community
and minimum value was 0.97 in Elymus nutans -
Tanacetum nubigenum - Christolea mixed community.
Evennessindex (E):

Highest value of eveness index (E) was 0.93 in Elymus
nutans - Allium carolinianum - Arnebia euchroma -
Berginia stracheyi and Elymus nutans - Tanacetum
nubigenum - Christolea mixed community followed by
0.90 in Elymus nutans - Allium carolinianum - Rheum
spiciforme mixed community and minimum was 0.78 in
Elymus nutans-Rhodiola tibetica-Berginia stracheyiin
mixed community (Table 6).

V. DISCUSSION

Total 12 communities and 71 species of herbs were
recorded in Kibber Wildlife Sanctuary. Total numbers
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of threatened plants were 4. The population of plants
depends upon topography, altitude and habitats. (Arya
and Samant, 2017; Arya and Samant, 2016; Rawat and
Uniyal, 1993). The presence of threatened speciesin the
landscape indicated that conservation and management
of these speciesisimportant.

Total numbers of species in communities varied from
07 to 32. Highest total density/m? was 54.85 in
Calamogrostis sp. -Berginia stracheyi - Rheum
tibeticum mixed community and lowest was 7.35 in
Elymus nutans- Allium carolinianum- Lindel ofia stylosa
mixed community. The density of the grasses was high
in most of the communities which indicates the
proliferation of these speciesin communities (Arya and
Samant, 2017). The genera distribution pattern of
plants in the nature was contiguous and al so reported by
researchers (Verma et al., 2003; Kershaw, 1973; Singh
and Yadav, 1974 and Kunhikannan et al., 1998). The
Concentration of dominance (C) varied from 0.09 to
0.22. The lower value of dominance shows that there
are many species which are dominant (Verma et al.,
2008). Diversity index (H) ranged from 1.81 to 2.84.
Highest value of richness index (R) was 4.08 and
lowest was 0.97. Highest value of evenness index (E)
was 0.93 and lowest was 0.78. The value of diversity
index (H) was in range as reported by (Arya and
Samant, 2017 and Kala et al., 1998). The evolutionary
time and community stability are long term factors
which effect the species diversity because
diversification of different communities depend upon
heterogenecity of macro and micro environment
(Vermaet al., 2008).

VI. CONSERVATION STRATEGIES

Monitoring of threatened, endemic and economically
important species should be done at regular interval.
Promotion of ex-situ conservation of threatened,
endemic and economically important species may be
encouraged. Education and awareness programmes on
the status and conservation of floristic diversity should
be organi sed.

VIlI. CONCLUSIONS

The population dynamic of species should be regularly
monitored for those species which have less density in
Kibber Wildlife Sanctuary. The conservation and
mangement strategies should be prepared especially for
threatened species and plants of socio-economic
importance.
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