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ABSTRACT Status of vegetation and understanding the structural and compositional patterns of vegetation of the
ecosystem are the key factor for the its conservation. Therefore, present study conducted in KWLS to assess
compositional and structural diversity of forest vegetation. 607 species of vascular plant and 23 forest communities
were identified that is broad leaved evergreen, board leaved deciduous, broad leaved deciduous and evergreen coniferous
mixed, broad leaved evergreen and coniferous mixed, coniferous broad leaved evergreen mixed and coniferous board
leaved deciduous mixed communities. The unplanned collection of forest resources has severely affected the forest
ecosystem. The study concludes that natural resources are under severe threats due to anthropogenic activities and
changing environmental conditions. Communities such as Picea smithiana, Picea smithiana-Pinus wallichiana
mixed Cedrus deodara-Picea smithiana mixed need to protect because of their representation in limited sites,

habitats, narrow altitudinal range and supports maximum ecologically and economically important species.

INTRODUCTION

Out of the 17 ecosystem services, forests
endow with 13 typesof ecosystem services (Cos-
tanza et a. 1997). Due to their significance for
both commercial and life subsistence reasons
(Webb and Sah 2003) baseline ecological infor-
mation on the different forest types is needed.
However, increasing human pressure reduced the
forest to agreat extent which resulted into deg-
radation and fragmentation of contagious land-
scapes and posing threats to biodiversity and
local livelihoods. At present, forest management
is facing more challenges than ever. One of the
greatest challenges is to include spatial struc-
tureat every level of the planning process. How-
ever, when aiming to maintain forest biodiversi-
ty, methods must be developed that address
problems such as the fragmentation of forest
stands, floral and faunal composition, etc. Vege-
tation classification was initiated as a major
project to describe and map (locate) the kinds of
vegetation but it developed into prerequisite to
better understanding of vegetation dynamics
and complex relationships of vegetation with
other physical components and the factors act-
ing upon those components (Price et al. 1992;
Pickup et al. 1993). Plant communitiesin linkage
with ecosystem play central role in ecology

(Boeken and Shachak 2006). The dominant
(abundant) species determine to alarge extent,
the rate of ecosystem processes such as biom-
ass production, decomposition and nutrient
cycling (Jones and Lawton 1995; Huston 1997).
The complementary hypothesis suggests that
minor species may beimportant dueto their in-
volvement in resource acquisition. Thisimplies
that an assemblage with dominant and minor
species utilizes resources more efficiently than
asingleor afew dominant species (Walker et al.
1999; Schwartz et al. 2000; L oreau and Hector
2001). Filtering of the dominant speciesmay be
an important role of sub-ordinate speciesin the
ecosystems where the successful arrival, reten-
tion, germination and early survival of the dom-
inant species depend on the presence or ab-
senceof structural features affected by low grow-
ing plantsor their litter (Grime 1998).

Interms of speciesrichness, Himalayan for-
estsare closer to temperate forests, but interms
of ecosystem functioning, they arecloser totrop-
ical forests (Zobel and Singh 1997). Thelndian
Himalayan Region (IHR) is one of the most as-
tonishing physical features on the surface of
the earth. Among the global mountain systems,
thelHR iswell known for itsdiverse landscapes
and aesthetic, cultural and biological values (Sa-
mant and Dhar 1997). The richness accompa-
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nied with uniqueness (endemism), sensitivity
(rarity) and use value make the biological re-
sources of the region important from different
angles (Dhar 2002). The resources are used by
the inhabitants for various purposes such as
fodder, fuel, timber, medicinal, wild edible, etc.
(Samant and Dhar 1997). With the increasing
human population, demand of the biological re-
sources is aso increasing, leading to loss of
biodiversity. Theactual stock of biodiversity and
changing pattern of vegetation of the IHR is
poorly known. This has necessitated assessing
status of vegetation and understanding the
structural and compositional patterns of vege-
tation of the Himalayan ecosystems.

MANOHAR LAL AND S. S. SAMANT
METHODOLOGY
SudyArea

Kais Wildlife Sanctuary (KWLS) (31.99° -
32.06° N Latitudesand 77.17°-77.21°E Longi-
tudes) situated in the Lesser Himalaya moun-
tain range of Pir-Panjal which covers 14.19km?
areawith 2000-3850m, amd dtitudinal rangefor-
mation of Kulluand Rampur Groupsrocks (Fig.
1). Under lying rocks are Platy Limestone, Carb
Phyllites, Quartzitesand Chloritic Phylliteswith
minor schist bands (Sharmaet al. 1986; Singh et
a. 1990). Inthe Sanctuary, soil pH is5.28-7.34,
light-dark brownin colour, loamy in texture with
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Fig. 1. Map of Kais wildlife sanctuary
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acidic nature. Sanctuary supports temperate,
sub-alpine and alpine vegetation. The inhabit-
ants of surrounded area dependent on the Sanc-
tuary for minor forest productsand grazing their
livestock inside the Sanctuary.

Selection of Plots and Habitats

Total 71 plotswerestudied in KWL Son each
and every reachabl e aspect and habitat between
2100-3850m. Habitats were classify on base of
physical characters and vegetation pattern. The
plots having clogged canopy with humus and
moisture were considered as shady moist habi-
tat whereas low percentage of the same as dry
habitat. The plots having >50 percent boulders
were considered as bouldary habitat, plotsalong
the water channel were considered as riverine
habitats, and the plots facing high anthropo-
genic pressures were considered as degraded
habitat (Lal and Samant 2010). Studied plots
were geo-referenced with the hel p of Global Po-
sitioning System (Magellen, eXplorist 400).

Survey, Sampling, | dentification and Analysis
of Data

Extensive and intensive field surveys done
for to investigate the stated objectives. A plot of
50x50m waslaid within each site, 10 quadrats of
10x10m for the sampling of trees, saplings and
seedlings; shrubs 20 quadrats, 5x5m and herbs
20 quadrats, 1x1m. The standard ecol ogical meth-
ods were followed for the collection of data
from these quadrats (Saxena and Singh 1982a;
Singh and Singh 1992; Samant and Joshi 2005).
Samples of each specieswere collected from all
plots and identified with the help of local floras
(Chowdhery and Wadhawa 1984; Dhaliwal and

Table 1: Communities prioritization criteria’s

Sharma 1999; Singh and Rawat 2000; Khullar
1994, 2000). Datawere collected from each plots
and analyzed for ecological parameters that is
Density, Basal Area, Important ValueIndex (1V1),
Frequency, Abundance, Species diversity (H")
and Concentration of dominance (Cd) following
Simpson (1949), Curtis and Mclntosh (1950),
Shannon and Wiener (1963), Mishra (1968),
Mueller-Dombois and Ellenberg (1974), Dhar et
a. (1997), Bray and Curtis (1957), and Samant
and Joshi (2005). Communitiesidentified based
onthe Important Value Index. Soil sampleswere
collected from centre and four corners of each
plot, up to 20 cm depth. Composite sample of
200g soil was collected in polythene bag and
brought for the chemical analysisto laboratory
(Tandon 2001).

Community Prioritization

Communities were prioritized based on the
Conservation Priority Index (Samant and Joshi
2004; Ranaand Samant 2009; Samant et a. 2010).
Conservation Priority Index is the cumulative
value of eight attributes that is, Species rich-
ness, economically important, native, endemic
and threatened plants, altitude, plot and habitat
representation of the communities. Each at-
tributes divided in to five categories presented
in the Table 1. Information on indigenous uses
of species generated through interviews with
the people with the help of open and semi struc-
tured questionnaires. Species endemism and
nativity generated from relevant literature (Jain
1991; Samant and Palni 2000; Samant et a. 2007).
The status of the species has been determined
on the base of sum of the values of habitat pref-
erence, size of population, altitudinal range, use
pattern, extraction trend, nativity and endemism
of speciesfollowing Ranaand Samant (2010).

S. Richness EP Native Endemic Threatened PR Altitude Habitats Marks
No. (%) (%) (%) (%) (%) (m)

1 >50 >45 >45 >40 >40 1 <200 1 10

2 46-50 41-45 41-45 36-40 36-40 2 200-400 2 8

3 41-45 36-40 36-40 31-35 31-35 3 400-600 3 6

4 36-40 31-35 31-35 26-30 26-30 4 600-800 4 4

5 <36 <31 <31 <26 <26 >4 >800 >4 2

Abbreviations used: PR = Plot representation; EP = Economically important plants
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RESULTS
Physical Attributesof Plots

Total 71 plots were sampled between 2133-
3836m, amd dtitudeand 31°59.684' N t0 32°03.558'
N and longitudes 77°09.092' Eto 77°12.723' Eiin
KWLS. The plot/habitat geographical charac-
teristics have been presented in Table 2. Maxi-
mum plots (49) wererepresented by shady moist
habitat, followed by degraded (12 plots), river-
ine (6 plots), apine open slope (3 plots), dry (2
plots), a pine shrubberies and bouldery (1 plot,
each) habitats, respectively. Twenty three (23)
plots were represented in North-West aspect,
21inWest, 17 in South-West, 5in South-East, 4
in North, 1in East, South, North-East and East-
West, each. The slope varied from 10°-60°
(Table?2).

Community Diversity

A total of 23 communitiesidentified from the
KWL Sdistributed between 2133-3836m. These
represented broad leaved evergreen community
(Quercus semecarpifolia); board leaved decid-
uous communities (Acer caesium, Aesculusin-
dica, Alnus nitida, Betula utilis, Juglansregia,
Populus ciliata, Populus ciliata-Prunus cor-
nuta mixed and Prunus cornuta); broad leaved
deciduous and evergreen coniferous mixed com-
munity (Alnus nitida-Aesculus indica-Picea
smithiana mixed); broad leaved evergreen and
coniferous mixed communities (Quercus seme-
carpifolia-Abies pindrow mixed and Quercus
semecar pifolia-Picea smithiana mixed); conif-
erous communities (Abies pindrow, Picea smith-
iana, Pinus wallichiana, Abies pindrow-Picea
smithiana mixed, Cedrus deodar a-Picea smith-
iana mixed, Picea smithiana-Abies pindrow
mixed and Picea smithiana-Pinus wallichiana
mixed); coniferousbroad |eaved evergreen mixed
community (Abies pindrow-Quer cus semecar pi-
folia mixed); coniferous board leaved decidu-
ous mixed communities (Abies pindrow-Juglans
regia mixed, Pinus wallichiana-Picea smith-
iana-Rhus wallichii mixed and Picea smith-
iana-Rhus wallichii mixed). The community
types, atitude, sitesrepresentation, habitatsand
major associates have been presented in Table
2. Amongst the communities, Abies pindrow
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community represented maximum sites (21 sites),
followed by Picea smithiana and Quercus se-
mecar pifolia (9 sites, each), Pinus wallichiana
and Picea smithiana-Pinus wallichiana mixed
(3 sites, each), and Betula utilis, Cedrus deo-
dara-Picea smithiana mixed, Juglans regia,
Picea smithiana-Abies pindrow mixed and Quer-
cus semecar pifolia-Abies pindrow mixed (2 sites,
each) communities and Abies pindrow-Picea
smithiana mixed, Abies pindrow-Quer cus seme-
carpifolia mixed, Abies pindrow-Juglansregia
mixed, Acer caesium, Aesculus indica, Alnus
nitida, Alnus nitida—Aesculus indica-Picea
smithiana mixed, Picea smithiana-Rhusjavani-
camixed, Pinuswallichiana-Picea smithiana-
Rhus wallichii mixed, Populus ciliata, Popu-
lus ciliata-Prunus cornuta mixed, Quercus se-
mecar pifolia-Picea smithiana mixed and
Rhododendron campanul atum-Cassiope fasti-
giata mixed each represented one site only.
Widely distributed communitieswere Abies pin-
drow, Picea smithiana, Pinuswallichiana, Pru-
nus cor nuta and Quer cus semecar pifoliawhere-
asthe remaining communities had narrow altitu-
dinal range of distribution.

SpeciesRichnessand Distribution Pattern

In general, 607 speciesof vascular plant were
recorded fromthe KWLS. Of these, 386 species
(26 trees, 56 shrubs, and 304 herbs) wererecord-
ed in the forest, alpine scrub and a pine herba-
ceous communities.

Among the communities, richness of trees
ranged from 3-17 species, shrubs 3-34 species,
herbs 23-170 species, seedlings 1-13 species, and
saplings 1-13 species. The richness of trees was
highest in Abies pindrow community (17 spp.),
followed by Cedrus deodara-Picea smithiana
mixed (12 spp.), Abies pindrow-Picea smithiana
mixed (11 spp.) and Alnusnitida-Aesculusindica-
Picea smithiana mixed (10 spp.), communities.

The richness of shrub species was highest
in Abies pindrow community (34), followed by
Picea smithiana (27), Picea smithiana-Abies
pindrow mixed and Picea smithiana-Pinuswal -
lichiana-Rhus wallichii mixed (26, each) and
Pinus wallichiana-Picea smithiana mixed (23)
communities. Whereas richness of herbs was
again highest in Abies pindrow community
(170), followed by Picea smithiana (160), Picea
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Table 2: Physical characteristics of plots in the Kais Wildlife Sanctuary

Plot Habitat type Altitude (m) Aspect Sope () Latitude (N) Longitude (E) Dominant species

1 Dry 2133 NwW 50 32°00.404'  77°09.229'  Pinus wallichiana

2 Riverine 2137 w 40 32°00.456"  77°09.387'  Aesculus indica

3 Riverine 2207 SW 50 32°00.450' 77°09.477'  Alnus nitida

4 Shady moist 2224 NwW 30 32°00.799'  77°09.425'  Pinus wallichiana and Picea
smithiana

5 Riverine 2262 N 45 32°00.723"  77°09.853'  Alnus nitida, Aesculus indica
and Picea smithiana

6 Shady moist 2352 NwW 20 32°00.625'  77°09.624'  Picea smithiana and Pinus
wallichiana

7 Shady moist 2382 W 20 32°01.065'  77°10.071' Cedrus deodara and Picea
smithiana

8 Shady moist 2422 SW 30 3200373 77°09.719'  Picea smithiana

9 Dry 2480 W 45 32°01.216' 77°09.357"  Abies pindrow

10 Shady moist 2500 W 40 32°01.377°  77°09.356'  Picea smithiana and Abies
pindrow

11 Shady moist 2500 E 25 32°00.463'  77°10.188'  Abies pindrow and Picea
Smithiana

12 Shady moist 2510 W 46 32°00.739"  77°09.211'  Abies pindrow

13 Shady moist 2517 NwW 25 32°00.680" 77°10.168'  Abies pindrow

14 Shady moist 2532 SW 35 32°01.083"  77°09.275'  Cedrus deodara and Picea
smithiana

15 Shady moist 2537 NwW 60 32°00.453'"  77°09.932'  Picea smithiana and Rhus
wallichii

16 Degraded 2553 W 45 32°00.125"  77°09.699'  Pinus wallichiana

17 Shady moist 2557 W 55 32°00.957"  77°09.285'  Picea smithiana and Pinus
wallichiana

18 Shady moist 2565 NW 25 32°00.463' 77°09.092' Populus ciliata

19 Shady moist 2570 W 30 32°00.202'  77°09.798'  Picea smithiana and Pinus
wallichiana

20 Shady moist 2570 SW 25 32°01.054'  77°09.432'  Picea smithiana

21 Degraded 2587 W 45 32°00.376' 77°09.891' Picea smithiana

22 Shady moist 2591 NW 45 32°00.559' 77°10.233' Juglans regia

23 Shady moist 2604 NW 35 32°00.204" 77°09.898' Picea smithiana

24 Shady moist 2610 NW 55 31°59.824' 77°09.981'  Abies pindrow

25 Riverine 2611 w 45 32°00.663'  77°10.324'  Abies pindrow and Juglans
regia

26 Shady moist 2612 NwW 40 32°00.487"  77°10.222'  Abies pindrow

27 Shady moist 2623 W 35 32°00.938'  77°10.367'  Picea smithiana and Abies
pindrow

28 Shady moist 2640 SE 45 31°59.948'  77°10.110' Picea smithiana

29 Shady moist 2640 NW 20 32°01.083'  77°10.520' Juglans regia

30 Degraded 2684 SW 60 31'59.741'  77°10.105'  Pinus wallichiana

31 Degraded 2709 NwW 25 32°00.343"  77°10.522'  Abies pindrow

32 Shady moist 2720 w 30 32°00.216' 77°10.172'  Abies pindrow

33 Degraded 2720 SW 60 32°02.005' 77°10.514' Picea smithiana

34 Degraded 2740 NW 25 32°00.450' 77°10.356'  Abies pindrow

35 Degraded 2743 NW 30 32°00.705'  77°10.542'  Populus ciliata and Prunus
cornuta

36 Shady moist 2750 NwW 40 32°00.898' 77°10.566'  Abies pindrow

37 Degraded 2763 SW 50 31°59.742' 77°10.179' Picea smithiana

38 Shady moist 2785 SW 25 32°01.840' 77°10.588'  Abies pindrow

39 Shady moist 2808 NW 45 31°59.782' 77°10.199'  Abies pindrow

40 Shady moist 2816 w 55 31°'59.939' 77°10.316'  Abies pindrow

41 Degraded 2820 SW 20 32°01.386' 77°10.616' Picea smithiana

42 Shady moist 2840 NwW 20 32°01.714'  77°10.794'  Abies pindrow

43 Shady moist 2847 SW 35 32°00.090' 77°10.271'  Abies pindrow

44 Shady moist 2854 w 30 31°59.810' 77°10.435'  Abies pindrow

45 Shady moist 2870 SW 60 32°00.838" 77°10.656'  Abies pindrow

46 Shady moist 2878 N 30 32°01.800' 77°10.960'  Prunus cornuta

47 Degraded 2889 W 15 32°00.552'  77°10.110" Picea smithiana

48 Degraded 2903 NwW 55 32°02.044'  77°10.896'  Abies pindrow

J Biodiversity, 10(1-2): 1-14 (2019)
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Table 2: Contd...
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Plot Habitat type Altitude (m) Aspect Sope (') Latitude (N) Longitude (E) Dominant species

49 Bouldery 2912 W 25 32°01.883'  77°11.111'  Acer caesium

50 Riverine 2936 NwW 35 31'59.684'  77°10.582'  Abies pindrow

51 Riverine 2952 NwW 10 32°00.819' 77°10.868' Quercus semecarpifolia and
Abies pindrow

52 Shady moist 2964 W 50 32°02.003" 77°11.201' Abies pindrow

53 Shady moist 3047 S 55 32°00.714' 77°10.950'  Abies pindrow

54 Shady moist 3061 W 45 32°00.512" 77°10.990' Abies pindrow

55 Shady moist 3068 W 30 32°00.137' 77°10.594' Abies pindrow and Quercus
semecarpifolia

56 Shady moist 3072 SE 40 32°02.400° 77°11.578' Quercus semecarpifolia

57 Shady moist 3075 SW 45 32°00.111' 77°10.633' Quercus semecarpifolia and
Picea smithiana

58 Shady moist 3109 W 55 32°00.198' 77°10.637 Prunus cornuta

59 Shady moist 3129 W 40 32°02.326' 77°10.978' Quercus semecarpifolia

60 Shady moist 3151 SE 30 32°02.289' 77°11.110' Quercus semecarpifolia and
Abies pindrow

61 Shady moist 3152 NW 60 32°00.155"  77°10.749' Quercus semecarpifolia

62 Shady moist 3170 N 15 32°00.567' 77°11.158' Quercus semecarpifolia

63 Shady moist 3191 SE 65 32°00.303" 77°10.925' Quercus semecarpifolia

64 Degraded 3235 N 45 32°02.290'° 77°11.764' Prunus cornuta

65 Shady moist 3272 NW 35 32°02.458" 77°11.919' Betula utilis

66 Shady moist 3280 SW 45 32°01.258" 77°11.494' Quercus semecarpifolia

67 Shady moist 3350 NE 35 32°02.001' 77°11.702' Betula utilis

68 Shady moist 3355 SE 50 32°01.090° 77°11.595' Quercus semecarpifolia

69 Shady moist 3395 SW 55 32°01.918'" 77°11.642' Quercus semecarpifolia

70 Shady moist 3405 SW 25 32°02.756' 77°12.602' Quercus semecarpifolia

71 Shady moist 3836 EW 35 32°03.558' 77°12.273' Betula utilis

Abbreviations used: SR=Site representation, S=South, N=North, E=Nast, W=West, SW=South West, SE=South
East, EW=East West, NW=North West and dd.mm.mm=Degree.minute.minute.

smithiana-Pinus wallichiana mixed (111) and
Quercus semecar pifolia (88), communities.
Analysis of distribution pattern of species
indicated that 51.9 percent trees, 1.79 percent
shrubs and 26 percent herbs had regular distri-
bution pattern; 7.41 percent trees, 5.36 percent
shrubs and 28.3 percent herbs had random dis-
tribution and 40.7 percent trees, 92.9 percent
shrubs and 45.7 percent herbs had contagious
distribution pattern among the communities.

Community Sructure

Amongst the identified forest communities,
trees density ranged from 160.01-860.02 Ind ha
1- total basal area 2.76-253.01 m? ha?; shrubs
density 397.0-4026.00 Ind ha?; herbs density
47.95-143.12 Ind m?; saplings density 20.01-
620.10 Ind ha'and seedlings density 25.10-
895.10 Ind ha!(Table 3). Maximum trees density
(860.01 Ind ha) wererecorded in Populuscilia-
ta community, followed by Abies pindrow-Quer-
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cus semecar pifolia mixed (820.00 Ind ha?), Pi-
nus wallichiana-Picea smithiana-Rhus walli-
chii mixed (810.00 Ind hat), Quercus semecar pi-
folia-Picea smithiana mixed (780.00 Ind ha) and
Picea smithiana-Pinus wallichiana mixed
(687.00 Ind ha), communities. Populusciliata
community showed maximum total basal area
(253.00 m? ha?), followed by Abies pindrow-
Quercus semecar pifolia mixed (108.00 m? ha),
Abies pindrow (96.00 m? hat), Cedrus deodar a-
Picea smithianamixed (92.00 m? hat) and Picea
smithiana-Pinus wallichiana mixed (82.70 m?
hat), communities. Total shrub density was high-
est in Pinus wallichiana-Picea smithiana-Rhus
wallichii mixed community (4025.00 Ind ha?),
followed by Picea smithiana-Pinuswallichiana
mixed (2540.00 Ind ha?), Picea smithiana-Rhus
javanica mixed (2460.00 Ind hat), Picea smith-
iana-Abies pindrow mixed (2145.00 Ind ha) and
Pinuswallichiana (2283.00 Ind ha?), communi-
ties. Alnus nitida community (143.00 Ind m?)
showed the highest herb density followed by
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Alnus nitida-Aesculus indica-Picea smithiana
mixed (135.00 Ind nr?), Aesculusindica (125.00
Ind m2), Pinus wallichiana-Picea smithiana-
Rhuswallichii mixed (124.00 Ind m2) and Picea
smithiana-Pinuswallichiana mixed (122.00 Ind
mr2), communities. Picea smithiana-Abies pin-
drow mixed community showed the maximum
seedling density (895.00 Ind hat), followed by
Cedrus deodara-Picea smithiana mixed (790.00
Ind ha?), Pinus wallichiana-Picea smithiana-
Rhuswallichii mixed (620.00 Ind ha?), Abiespin-
drow-Quer cus semecar pifolia mixed (500.00 Ind
ha?) and Abies pindrow (370.30 Ind ha') com-
munities. Highest sapling density was shown
by the Cedrus deodar a-Picea smithiana mixed
community (620.00 Ind ha?), followed by Alnus
nitida-Aesculus indica-Picea smithiana mixed
(350.00 Ind hat), Pinus wallichiana-Picea
smithiana-Rhuswallichii mixed (330.00 Ind ha
1) and Abies pindrow-Juglans regia mixed

In general, speciesdiversity (H') for treesranged
from0.27-2.17, seedlings0.10-1.49, saplings 0.34-
1.55, shrubs0.70-2.87 and herbs 2.88-4.26. The
diversity of treeswas highest in Abies pindrow-
Quercus semecar pifolia mixed community (2.17),
followed by Abies pindrow-Juglansregia mixed
(1.91), Alnus nitida-Aesculus indica-Picea
smithiana mixed (1.88), and Picea smithiana-
Rhuswallichii mixed (1.76), communities. The
diversity of shrubs was highest in Picea smith-
iana-Pinuswallichiana mixed community (2.87),
followed by Abies pindrow and Pinus walli-
chiana-Picea smithiana-Rhus wallichii mixed
(2.75, each), Abies pindrow-Quer cus semecarpi-
folia mixed (2.67) and Picea smithiana (2.66),
communities. The diversity of herbs was high-
est in Abies pindrow community (4.26), followed
by Picea smithiana (4.25), Picea smithiana-Pi-
nus wallichiana mixed (3.94) and Pinus walli-

(210.00 Ind hat), communities.
SpeciesDiversity (H')

The diversity of trees, seedlings, saplings,
shrubs and herbs has been presented in Table 4.

chiana (3.81), communities (Table4).

Prioritization of Communities

The site and habitat representation, altitudi-
nal distribution, speciesrichness, economically

Table 3: Community wise Density and Total Basal Area (TBA) of trees, seedlings, saplings, shrubs and

herbs in the Kais Wildlife Sanctuary

Community types

Density (Ind ha?)

Herbs  TBA
(Ind m?)(m? ha't)

Trees Shrubs  Saplings Seedlings

Abies pindrow 509.03 885.20 190.00 370.26 78.16 96.00
Abies pindrow -Picea smithiana mixed 820.00 1780.00 60.00 130.00 72.18 108.46
Abies pindrow -Quercus semecarpifolia mixed 350.00 410.00 130.00 500.00 60.23 2.75
Abies pindrow-Juglans regia mixed 480.00 1820.00 210.00 360.00 89.88 10.50
Acer caesium 340.00 560.00 140.00 160.00 57.50 17.10
Aesculus indica 210.00 1940.00 0.00 30.00 125.45 81.85
Alnus nitida 540.00 1310.00 150.00 80.00 143.03 47.78
Alnus nitida-Aesculus indica - Picea smithiana

mixed 490.00 1700.00 350.00 220.00 135.03 8.42
Betula utilis 530.00 690.00 55.00 35.00 57.25 19.46
Cedrus deodara-Picea smithiana mixed 670.00 1170.00 620.00 790.00 63.43 92.00
Juglans regia 615.00 500.00 40.00 120.00 65.38 44.02
Picea smithiana 363.33 1107.00 188.89 266.67 79.81 61.37
Picea smithiana- Pinus wallichiana mixed 686.67 2540.00 183.33 321.21 121.73 82.66
Picea smithiana-Abies pindrow mixed 420.00 2145.00 120.00 895.00 74.41 49.26
Picea smithiana-Rhus wallichii mixed 230.00 2460.00 20.00 0.00 78.43 17.29
Pinus wallichiana 329.99 2283.00 35.00 25.00 86.78 9.04
Pinus wallichiana-Picea smithiana-Rhus 810.00 4025.00 330.00 620.00 124.20 3.25

wallichii mixed
Populus ciliata 860.00 1400.00 20.00 50.00 55.43 253.38
Populus ciliata-Prunus cornuta mixed 160.00 1500.00 60.00 170.00 65.08 2.88
Prunus cornuta 573.34 640.00 100.00 110.00 53.40 41.73
Quercus semecarpifolia 634.44 396.00 152.22 373.33 47.95 73.23
Quercus semecarpifolia-Abies pindrow mixed 280.00 555.00 182.73 355.00 76.14 40.13
Quercus semecarpifolia-Picea smithiana mixed 780.00 970.00 115.45 357.67 63.23 69.11

J Biodiversity, 10(1-2): 1-14 (2019)
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Table 4: Community wise diversity of trees, seedlings, saplings, shrubs and herbs in the Kais Wildlife

Sanctuary

Community types

Species diversity (H")

Trees  Saplings Seedlings Shrubs Herbs
Abies pindrow 1.30 1.40 1.29 2.75 4.26
Abies pindrow -Picea smithiana mixed 0.97 1.01 0.93 0.91 3.61
Abies pindrow -Quercus semecarpifolia mixed 2.17 1.41 0.88 2.67 3.35
Abies pindrow-Juglans regia mixed 1.91 1.55 1.06 2.33 3.18
Acer caesium 1.28 0.52 1.04 1.53 2.88
Aesculus indica 1.11 0.00 0.00 1.33 3.33
Alnus nitida 0.54 0.97 0.96 1.21 3.30
Alnus nitida-Aesculus indica - Picea smithiana mixed 1.88 1.03 1.35 1.94 3.72
Betula utilis 0.77 0.00 0.00 0.70 3.27
Cedrus deodara-Picea smithiana mixed 1.75 1.37 1.11 1.85 3.55
Juglans regia 1.04 1.04 1.49 1.99 3.55
Picea smithiana 0.93 1.09 1.00 2.66 4.25
Picea smithiana- Pinus wallichiana mixed 1.43 0.68 1.12 2.87 3.94
Picea smithiana-Abies pindrow mixed 1.21 0.88 0.85 2.37 3.60
Picea smithiana-Rhus wallichii mixed 1.76 0.69 0.00 1.79 3.30
Pinus wallichiana 0.27 0.00 0.67 2.21 3.81
Pinus wallichiana-Picea smithiana-Rhus wallichii mixed 1.61 1.27 1.29 2.75 3.80
Populus ciliata 0.64 0.69 0.95 1.70 3.02
Populus ciliata-Prunus cornuta mixed 1.32 1.01 1.03 1.72 3.12
Prunus cornuta 0.88 0.58 0.98 1.32 3.79
Quercus semecarpifolia 0.46 0.34 0.10 2.27 3.67
Quercus semecarpifolia-Abies pindrow mixed 1.15 0.49 0.41 1.42 3.47
Quercus semecarpifolia-Picea smithiana mixed 0.87 0.67 1.09 1.14 3.40
important, native, endemic and threatened spe- DISCUSSION

cies and Conservation Priority Index of each
community have been presented Table 5. Among
the identified communities, Picea smithiana
showed the highest conservation value (CPI:
66), followed by Abies pindrow (CPI: 64); Picea
smithiana-Pinus wallichiana mixed (CPI: 54);
Cedrus deodara-Picea smithiana mixed (CPI:
44) and Abies pindrow- Quercus semecar pifo-
lia mixed, Abies pindrow-Juglansregia mixed,
Alnus nitida-Aesculus indica-Picea smithiana
mixed and Pinus wallichiana-Picea smithiana-
Rhuswallichii (CPI: 42, each). These communi-
tieshave been prioritized for conservation. Abies
pindrow-Picea smithiana, Acer ceasium, Aes-
culus indica, Alnus nitida, Juglans regia, Pi-
cea smithiana-Abies pindrow mixed, Picea
smithiana-Rhus wallichii mixed, Populus cili-
ata, Populus ciliata-Prunus cornuta mixed,
Quercus semecar pifolia-Picea smithiana mixed
and Rhododendron campanulatum-Cassiope
fastigiatamixed (CPI: 40, each) communities.
The remaining communities showed relatively
low CPI (<40) values, indicating less conserva-
tion value of these communities (Table5).

J Biodiversity, 10(1-2): 1-14 (2019)

Along an atitudinal gradient species com-
position in the communities recorded a direct
relation with topographical gradient that ishab-
itats, altitude, slope aspects and slope, and cli-
mate change. Temperature change with altitude
and a general zonation of vegetation such as
sub-tropical, temperate, sub-alpine and alpine
from low to high altitudes has been recognized
by some workers (Gupta 1981). Changing cli-
matic conditionsfrom low to high altitudesalso
resulted change in species diversity, habitats
and communities. Presence of 23 plant commu-
nities and 607 species of vascular plants, indi-
cated the rich diversity of the communities and
species. The KWLS represents broad-leaved
communities (44.23%); coniferous communities
(21.36%); and coniferous and broad-leaved
mixed communities (34.39%). This change in
vegetation from temperate to sub-al pine may be
regarded asin climatic conditions, topographic
feature of the area and supports moist climate.

In KWLS, treesdensity ranged 160.00-860.00
Ind hal, these values are lesser than the earlier
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Table 5: Site representation, altitudinal distribution, habitat representation, species richness, eco-
nomically important, native, endemic and threatened species representation within communities in

Kais Wildlife Sanctuary

Community Types PR AD HR R El N EN T CPI
Abies pindrow 21 581 3 221 160 117 79 39 64
Abies pindrow -Picea Smithiana mixed 1 - 1 62 50 29 22 7 40
Abies pindrow -Quercus semecarpifolia mixed 1 - 1 72 55 43 28 20 42
Abies pindrow-Juglans regia mixed 1 - 1 70 54 44 28 18 42
Acer caesium 1 - 1 32 23 21 11 7 40
Aesculus indica 1 - 1 54 48 26 16 9 40
Alnus nitida 1 - 1 50 39 24 15 8 40
Alnus nitida-Aesculus indica-Picea smithiana mixed 1 - 1 80 56 42 30 14 42
Betula utilis 2 78 1 53 42 31 17 13 38
Cedrus deodara-Picea smithiana mixed 2 150 1 89 66 45 38 22 44
Juglans regia 2 59 1 92 67 54 32 18 40
Picea smithiana 9 467 2 194 138 118 65 34 66
Picea smithiana-Pinus wallichiana mixed 3 218 1 145 97 78 44 26 54
Picea smithiana-Abies pindrow mixed 2 123 1 098 70 53 30 18 40
Picea smithiana-Rhus javanica mixed 1 - 1 61 48 34 21 13 40
Pinus wallichiana 3 551 2 105 79 52 31 16 34
Pinus wallichiana-Picea smithiana- 1 - 1 103 74 44 32 20 42
Rhus wallichii mixed
Populus ciliata 1 - 1 52 41 24 12 11 40
Populus ciliata-Prunus cornuta mixed 1 1 47 36 24 19 9 40
Prunus cornuta 3 357 1 80 59 40 30 10 36
Quercus semecarpifolia 9 396 1 101 69 50 32 11 32
Quercus semecarpifolia-Abies pindrow mixed 2 199 2 62 46 29 20 8 36
Quercus semecarpifolia-Picea smithiana mixed 1 - 1 54 37 30 16 5 40
Rhododendron campanulatum- Cassiope 1 - 1 42 31 29 22 10 40
fastigiata mixed
Dactylis glomerata-Poa alpina-Bromus japonic 2 153 2 61 40 42 37 12 40
us-Chrysopogon gryllus mixed
Chrysopogon gryllus Poa alpina-Danthonia 1 - 1 86 57 54 45 16 48

cachemyriana mixed

Abbreviations used: PR= plot representation; AD=Altitudinal distribution; HR=Habitat representation; R=Species
richness; N=Native; El=economically important species;, T=Threatened; EN= Endemic; and CPI=Conservation

Priority Index

reported values (320-1787.50 Ind ha) from low
and high altitude forests of west Himalaya (Ral-
han et al. 1982; Saxenaand Singh 1982b; Tewari
1982; Kalakoti et al. 1986; Adhikari et al. 1991,
Rawat 2001; Joshi 2002; Joshi and Samant 2004,
Samant and Joshi 2005; Pant 2005; Pant and Sa-
mant 2012; Rana et al. 2011) and higher than
reported values (average 214.88 Ind ha?) from
Khokhan Wildlife Sanctuary, Manali, Wildlife
Sanctuary Great Himalayan Nationa Park (Singh
1999; Rawat and Singh 2006). Similarly, thetotal
basal areainthe KWL S(2.75-253.00m? ha) was
higher to thevaluesreported earlier (17.9-234.31
m? ha!) from high altitude areas (K alakoti et al.
1986; Bankoti et al. 1992; Joshi 2002; Samant et
al. 2002; Pant 2005; Pant and Samant 2012; Rana
et al. 2011) and also higher than the earlier re-

J Biodiversity, 10(1-2): 1-14 (2019)

ported value (average 35.37m? ha?) from Great
Himalayan National Park (Singh 1999; Rawat and
Singh 2006). Thisclearly indicatesthat thetotal
basal area and density are directly proportional
to each other that islesser the density, the value
of the total basal areawill be higher vise versa.
Also, this could be due to the dominance of
coniferous species. The total shrubs density
(396.00-4025.00 Ind ha?) for KWL Sislower than
thereported values (5360-29184 Ind ha) for Pin-
dari area(Bankoti et a. 1992) and for the Kedar-
nath Wildlife Sanctuary (180.00-13943.00 Ind ha
1) (Rawat et al. 1999). It is comparable with the
reported values (average 2966.67 Ind hat) from
the Great Himalayan National Park (Singh 1998;
Rawat and Singh 2006). This could be dueto dry
climatic conditions towards North Western Hi-
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malaya. Total herbs density was ranged from
(47.35-164.00 Ind m?) for the KWLS, whichwas
higher than the reported values (0.3-17.70 tiller
m?) (Chandraet al. 1989) but lower when com-
pared to the Pindari and NDBR (Joshi 2002) and
lower than the Mornaula Reserve Forest (21.52-
431.04 Ind n2) (Pant 2005). Thisshowsthat the
high trees density and closed canopy effects on
herb density.

In the KWLS, the species richness for trees
(3-17) was dlightly higher than the earlier re-
ported values (Adhikari et al. 1991; Bankoti et a.
1992) but comparableto the (Joshi 2002; Samant
et al. 2002; Joshi and Samant 2004; Samant and
Joshi 2004) from high altitude areas, and also
comparableto earlier reported valuesfrom GHNP
(Singh 1998, 1999; Rawat and Singh 2006). The
high richness of trees and shrubs may be dueto
diverse habitats and suitable edaphic and cli-
matic conditions supporting growth and survival
of the species. Thediversity of trees (0.27-2.17)
waslower than the earlier reported values (0.81-
3.55) fromthe higher elevations (Adhikari et al.
1991, Joshi 2002) and al so from the sub-tropical
and temperate zones (Saxenaand Singh 19823, b;
Tewari and Singh 1985). Therichness of shrubs
(3-34) was higher than the earlier reports
(Adhikari et a. 1991; Samant et al. 2002; Samant
and Joshi 2004) from the higher Himalaya and
but comparable with the reported values from
Great Himalayan National Parks (Singh 1998,
1999; Rawat and Singh 2006). The diversity of
shrubs (0.7-2.87) was higher than the previous
records from the higher Himalaya (0.51-1.33)
(Joshi 2002) and a so lower region (0.74-3.14) for
sub-tropical and temperate forests (Saxena and
Singh 1982 a,b; Tewari and Singh 1985). Therich-
ness of herbs (34-170) was higher than the earli-
er reported values (32-64) (Ramet . 2004; Khark-
wal et al. 2005) from the temperate forests and
also from the high atitude forests (6-85) (Sa-
mant and Joshi 2004). The diversity of herbs
(2.88-4.26) was comparable with the previous
records (3.37-3.92) (Kharkwal et al. 2005) from
the temperate forests of the central Himalaya
and higher than the recorded valuesfrom higher
Himaaya(0.29-3.41) (Samant and Joshi 2004).

The regeneration status of the forest com-
munitiesindicated that, the forests having high
sapling density of the dominant species that is
Abies pindrow, Alnus nitida, Betula utilis,
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Juglans regia, Picea smithiana, Picea smith-
iana-Pinus wallichiana mixed, Pinus walli-
chiana, Prunus cornuta, Quercus semecar pifo-
lia and Quercus semecar pifolia-Abies pindrow
mixed communities. Such communitiesmay like-
ly to persist for posterity. The forests having
less sapling density of dominant species as
compared to co-dominant speciesthat is Popu-
lus ciliata and Alnus nitida-Aesculus indica-
Picea smithiana mixed communities. Such for-
est may be replaced by co-dominant speciesin
future. Forest having very poor regeneration of
dominant speciesthat is Aesculusindica, Picea
smithiana-Rhuswallichii mixed, Populuscilia-
ta-Prunus cornuta mixed and Acer caesium. This
shows that these forest likely to be replaced by
other species. Mixed forest of two dominant
species, showing very high sapling density of
one species that is Abies pindrow-Quercus se-
mecar pifolia mixed, Abies pindrow-Juglansre-
gia mixed, Cedrus deodara-Picea smithiana
mixed, Picea smithiana-Abies pindrow mixed,
Pinus wallichiana-Picea smithiana-Rhus wal-
lichii mixed, Quercus semecar pifolia-Picea
smithiana mixed and Abies pindrow-Picea
smithiana mixed. The regeneration pattern of
these forest clearly indicate that the mixed for-
est may shift in dominant type of one species.
Pearson correlation showed that significant
correlations were found between basal areaand
tree density (r=0.535, p<0.05, n=23), trees and
seedlings density (r=0.451, p<0.05, n=23), sap-
lings and seedlings density (r=0.656, p<0.05,
n=23), shrubsand herbsdensity (r=0.603, p<0.05,
n=23), pH and shrubsdensity (r=0.612, p<0.05,
n=23), soil moistureand seedlings density (r=-
0.355, p<0.05, n=23), altitude and tree richness
(r=-0.423, p<0.05, n=71), dtitudeand shrubsrich-
ness (r=-0.621, p<0.05, n=71), altitude and herbs
richness (r=-0.217, p<0.05, n=71) and dtitudeand
speciesrichness(r=-0.436, p<0.05, n=71) (Fig. 2).
High trees density and dense canopy pro-
vide humus and soil moisture, which required
for the seeds germination of a species. Howev-
er, establishment and survival of recruits de-
pends upon other biotic and abiotic factors, such
as whether condition, anthropogenic activities,
grazing, richness and ecosystem properties (Ku-
mar and Ram 2005; L one and Pandit 2007). Spe-
cies richness, distribution and composition of
plants are determined by the local environmen-
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tal and edaphic characteristics (Keenan and Kim-
mins 1993; Huston 1994; Brosofske 2001). Soil
characteristics such as moisture, nutrients and
pH have been strongly correlated with vegeta-
tion (Waes1967; Pregitzer and Barnes 1982; Pre-
gitzer et al. 1983). Speciesrichnessstrongly pos-
itively correlated with pH inthe Himalaya (Vetaas
1997). In the present study also, the environ-
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mental factors (altitude, moisture content and
pH) are significantly correlated with COA com-
ponents. This indicates that environmental fac-
tors play an important role in the distribution
and composition of the vegetation.

The plant community denotes collection of
plant speciesgrowing together inaparticular loca
tion that show a definite association with each
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other (Muller-Domboisand Ellenberg 1974). The
plantsinacommunity grow together because they
required similar environmental conditionsfor their
existence such asclimate, topographic featureand
soil factors (Billings 1974; Muller-Dombois and
Ellenberg 1974; Ter Braak 1987; McAlister 1997).
Extinction of the speciesfrom acommunity dueto
habitat degradation and over exploitation may bring
instability. To check thisinstability, adequate plan-
ning for the conservation of communities is re-
quired. Therefore, assessment of status and val-
ues of thecommunitiesand their prioritization for
conservation is urgently required (Joshi and
Samant 2004).

High CPI of communities such as Picea
smithiana, Picea smithiana-Pinus wallichiana
mixed Cedrus deodara-Picea smithiana mixed
indicated that these communities are restricted
tolimited sites, habitats, narrow atitudinal range
and supports maximum ecol ogically and econom-
ically important species. The changing climatic
condition and heavy grazing may change the
composition of the communities. The conserva-
tion of communities protects ecol ogical patterns
and processes, such as species assemblages,
interactions of specieswith each other and their
environment, and higher-level biotic and abiotic
processes, including disturbance regimes and
habitat structure (Franklin 1993). Protecting such
processes can ensure the continued provision
of ecosystem services (Balmford et al. 2002).
Therefore, prioritization of communitiesfor con-
servation is essentially required (Joshi and Sa-
mant 2004). Hence, these communities require
priority attention for conservation.

CONCLUSON

Study concluded that Picea smithiana, Pi-
cea smithiana-Pinus wallichiana mixed and
Cedrus deodara-Picea smithiana mixed forest
vegetation are highly vulnerable and sensitive
to higher-level biotic and abiotic processes, in-
cluding disturbance regimesdueto limited sites,
habitats and narrow altitudinal range. Hence,
these communities require priority attention for
conservation.

RECOMMENDATIONS
Regular monitoring of the communities is

urgently required to evaluate the changesin the
community structure and effect on the sensitive
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species viz. native, endemic, economically im-
portant and threatened species. Therefore, con-
servation of these communitiesthrough planta-
tion and sustainable use of resources with ac-
tiveinvolvement of inhabitants, NGOs, self-help
groups and protected area managersis urgently
require.
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