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[image: image1.emf]Fig. 1. Dominance Diversity (D-D) curves for tree, saplings and seedlings for Pinus roxburghii forest
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Fig. 2 Dominance Diversity (D-D) curvesfor tree, saplings and seedlings for mixed Pinus roxburghii forest
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ABSTRACT
This paper reports the species diversity and environmental regeneration potential of tree species along an altitudinal gradient in subtropical montane forests of a part in central Himalaya, Uttarakhand. Three forest types were studied viz., Pinus roxburghii (Pine forest) (Site 1), Mixed Pinus roxburghii (mixed Pine forest) (Site 2), and Quercus leucotrichophora (Oak forest) (Site 3) and the altitudinal range was 1200-2200 m asl.  Across the sites in tree layer P. roxburghii, was the dominant in Pine and mixed Pine forests while Lyonia ovalifolia and Rhododendron arboreum was the co-dominant species and in Oak forest Q. leucotrichophora was the dominant species while Rhododendron arboreum were the co-dominant species. In the sapling layer, P. roxburghii was dominating in Pine and mixed Pine forest and co- dominant species were Lyonia ovalifolia and Rhododendron arboreum while in the Oak forest, the dominant species was Q. leucotrichophora and the co-dominant species was R. arboreum. In the seedling layer in Pine and in mixed Pine forests P.roxburghii was dominating followed by Pyrus pashia in P.roxburghii forest and in mixed P.roxburghii forest the co-dominant species was R. arboreum an in oak forest the dominance was of Q. leucotrichophora followed by R. arboreum. In the tree layer in all stands the highest density was reported for Oak forest (687 trees/ha) while least were recorded for Pine forest (619 trees/ha). In tree layer the most of the species (90%) were distributed contagiously and few (10%) were distributed randomly. However, only 11.76% species showed regular distribution pattern in the tree layer of Oak forest. As far as regeneration status was concerned, 100% species with seedling in Pine forest showed the best regeneration potential and the seedlings of the Oak forest (41.17%) showed the least.
Keywords: Altitudinal gradient, Environmental regeneration potential, Mixed Pinus roxburghii forest, Montane, Pinus roxburghii forest, Quercus leucotrichophora forest, Species diversity.
INTRODUCTION
The Himalayas embody a diverse and characteristics vegetation distributed over a wide range of topographical variation (Dhaulkhandi, et al., 2008). The elevational range of 300-2200 m asl in the Garhwal Himalaya reflects three vegetation zones, viz., Shorea robusta in sub-montane zone (upto1000m) Quercus leucotrichophora (>1500) in the low montane to mid-montane zones while Pinus roxburghii regime in between the first two zones. Vegetation between 2200 and 2800 m exhibits a dense canopy of Quercus floribunda at moist situations and occupies an intermediate range between Q. leucotrichophora and Q. semicarpifolia. Above 2800 m oak-conifer association occurs where, Q. semercarpifolia, Abies pindrow, Rhododendron barbatum, Taxus wallichiana and species of Viburnum are the dominant forms (Bhandari, et al., 2000). Variation in species diversity along environmental gradient is a major topic of ecological investigation and has been explained by reference to climate, productivity, biotic interaction, habitat heterogeneity and history (Givnish, 1999; Currie and Francis, 2004; Gonzalez-Espinosa et al., 2004). Mountain ecosystems around the globe usually have distinct biological communities and high level of endemism, due to their topography and history (Gentry, 1993). Hence, the existence of distinct forest types is indicative of diversity in climatic and edaphic factors. The plant community of a region is a function of time; however, altitude, slope, latitude, aspect, rainfall, and humidity play a role in the formation of plant communities and their composition (Kharkwal et al., 2005). The future composition of the forests depends on the potential regenerative status of tree species within a forest stand in space and time (Henle et al., 2004). Presence of sufficient number of seedlings, saplings, and young trees in a given population indicate a successful regeneration (Saxena and Singh, 1984). The present study if focused to know the species diversity and regeneration status of forest stands in sub tropical montane forest zones of part of central Himalaya.

MATERIALS AND METHODS 
Present investigation was conducted in montane zone of Garhwal Himalaya and the sites were located at  3000’-30010’N Lat. and 78040’-78050’E Long., covering an altitude of 1200 to 2200 m asl. The phytosociological analysis of each site of forest was conducted by using ten randomly placed 10 x 10 m, quadrat for (trees) and 5 x 5m size for (seedlings and saplings). All the woody species ≥31.5 cm CBH (circumference at breast height) were considered as trees and all the individuals of 10.5 to 31.4 cm CBH were tallied as  saplings and all the individuals with CBH less than 10.5 cm are tallied as seedlings following Ralhan et al., (1982). The vegetational data were quantitatively analyzed for abundance, density, and frequency following Curtis and McIntosh (1950). Quadrat data was pooled by plots to estimate density, frequency, total basal area, and relative values of density, frequency, total basal area (Misra, 1968; Muller-Dombois and Ellenberg, 1974). Importance value index (IVI) was calculated by summing up the relative values of density (RD), frequency (RF), and total basal area (TBA) (Curtis, 1959). The species diversity index was computed using the Shannon – Wiener information function (Shannon and Wiener, 1963). Species richness was determined as the number of species per unit area (Whittaker, 1975). The ratio of abundance to frequency was determined to evoke the distribution patterns. This ratio indicates regular (<0.025), random (0.05 to 0.05) and contagious (>0.05) distributions (Curtis and Cottam, 1956). Species diversity index (H) was determined from the Shannon Weiner’s information function (Shannon & Weiner 1963). Concentration of dominance known as Simpson index, was measured according to Simpson (1949). Dominance Diversity curves are presented in Figure 1, 2 and 3.  Environmental regeneration potential was studied following Saxena and Singh, 1982. In this method percentage of species with saplings and seedlings in different locales are calculated. This method provides regeneration situation in different forest types under study. If a species is present, only in an adult form it is considered as not regenerating. Species is considered as new if the species has no adults but only seedling or saplings. 

RESULTS 
Analytic characters

At Site 1: In tree layer, Pinus roxburghii had maximum value of Total Basal Cover (TBC) and Importance Value Index (IVI) (3386.72 cm2 100m-2 and 251.79 respectively). It also had the highest density (5.54 tree 100m-2). The co-dominant species was Lyonia ovalifolia. In sapling layer, Pinus roxburghii again had the maximum values of TBC (556.49), IVI (117.2) and density (9.18). It was followed by Lyonia ovalifolia and the species with the least values of TBC, IVI and density was Pyrus pashia. In seedling layer, Pinus roxburghii again had the maximum values for TBC (20.22), IVI (27.12) and density (10.11). The co-dominant species was Pyrus pashia (Table 1a, b, c).

At Site 2: In tree layer, Pinus roxburghii had highest values of TBC (2581.3), IVI (139) and density (3.10 tree 100m-2). The co-dominant species was Rhododendron arboreum. In sapling layer, Pinus roxburghii again had the maximum values of TBC (1602.2), IVI (86.4) and density (23.51). It was followed by Rhododendron arboreum.  In seedling layer, Pinus roxburghii exhibited highest TBC (190.7), IVI (64.3), and density (27.61). The co-dominant species was Milletia auriculata (2 a, b, c).

At Site 3: In tree layer, Quercus leucotrichophora had maximum TBC (2538.87), IVI (194.98), and density (4.80 tree 100m-2). It was followed by Rhododendron arboreum and the species that had least TBC, IVI and density was Pinus roxburghii. In sapling layer, Quercus leucotrichophora exhibited maximum values of TBC (476.80), IVI (104.4) and density (8.17). It was followed by Rhododendron arboreum. In seedling layer, Quercus leucotrichophora again had highest TBC (111.69), IVI (119.76), and density (20.80). The co-dominant species was Rhododendron arboreum (3 a, b, c).

Species Diversity

The variation in Shannon and Wiener diversity index and Concentration of dominance as computed are presented in Table 4. The value of diversity index for tree species was 0.76 to 3.11; for saplings, it ranged between 0.40 to 0.70 and for seedlings between 0.27 to 0.45. The low species diversity suggests for conservation of biodiversity. The Concentration of dominance for tree species was highest at Site 1 (0.80) and lowest at Site 2 (0.25); for saplings at Site 2 (0.21) was highest and Site 1 (0.85) lowest; and in seedling layer Site 2 had highest (0.09) and at Site 3 (0.08) had the lowest value. ). In tree layer the most of the species (90%) were distributed contagiously and few (10%) were distributed randomly. However, only 11.76% species showed regular distribution pattern in the tree layer of Oak forest (Table 5a, b, c). 
Environmental Regeneration

It is evident from Table 6 and 7 that in Pinus roxburghii forest the number of individuals/ha was lowest (100 individuals/ha) of which 80 individuals/ha comprised of saplings and 100 individuals/ha comprised of seedlings. In this forest, 80% were saplings and 100% were seedlings and showed 100% regeneration potential. In Mixed Pinus roxburghii forest the number of tree species was 270 individuals/ha of which 120 individuals/ha comprised of saplings and 140 individuals/ha were seedlings. The percentage of saplings in this forest was lowest (44.44%) across the sites; however, seedling percentage was 51.85%. In Quercus leucotrichophora forest there were 170 tree/ha of which 110 individuals/ha were saplings and only 70 individuals /ha were seedlings. It estimated 64.70% and 41.17% saplings and seedlings, respectively. Across the forest sites, the number of saplings and seedlings was lowest in Quercus leucotrichophora forest.
DISCUSSION

The total density value of present study for trees was between 619 trees/ha to 687 trees/ha and for TBC the value ranged between 31.1 to 39.7 m2/ha across the sites. The value of TBC and density in several temperate forests as reported by different authors vary from 1560 to 5930 cm2 100m-2 and from 3.5 to 20.8 tree 100 m-2, respectively. While in  tropical  forests (except for tropical rain forests) the same ranges from 1073 to 3062 cm2 100 m-2 and from 5.5 to 11.7 trees 100 m-2 (Saxena 1979). Pangtey et al. (1989) reported the values of density ranged from 140 to 750 trees/ha in Pindari catchments forest. Kumar et al. (2001) reported density values ranged 652 to 1028 trees/ha. These values are a little higher than reported for temperate and tropical forests. These higher values in the sub tropical montane zone can be attributed to favorable environmental conditions. The studied forests were characterized by a preponderance of contagious distribution and rarity of regular distribution. In general, preponderance of contagious distribution in natural vegetation has been reported by several workers (Kershaw 1973; Ralhan et al. 1982; Singh and Yadav 1974). According to Odum (1971), contagious distribution is the commonest pattern in nature, random distribution is found only in very uniform environment, and the regular distribution occurs where severe competition between the individuals exist. Contagious distribution depends on several factors like habitat differences etc. Monk (1967) and Risser and Rice (1971) obtained 2.00 as the highest value for diversity index for temperate forests. Knight (1975) studied tropical forests and indicted higher diversity for young (H=5.06) and old (H= 5.40) stands. Risser & Rice (1971) have reported values for concentration of dominance for temperate vegetation; these range between 0.10 to 0.99. For a tropical forest, Knight (1975) reported an average value of 0.06. In the present, study the values for tree species across all the studied sites ranged between 0.07 to 0.53. The number of species with seedlings or saplings differed at different positions. It is evident from Table 6 and 7 that regeneration situation was best in P. roxburghii forest and worst in Q. leucotrichophora forest. From the figures of environmental regeneration potential we can conclude that if identical environmental conditions remain in future the present Pinus roxburghii forest would be replaced after regeneration by the same species. In mixed Pinus roxburghii because the regenerating sapling percentage was poor that’s why it can be predicted that the mixed Pinus roxburghii may change its dominance in near future and may be reclaimed in the forthcoming time. If we compare mixed Pinus roxburghii and oak, oak had better regeneration of saplings than mixed pine, however, poor regeneration of seedlings. It shows in future that the dominance in oak forest would be replaced by other species. Across the percentage of saplings highest regeneration potential of saplings was in Pinus roxburghii forest and worst in mixed Pinus roxburghii forest. It indicates that immediately in the near future the dominance of Pinus roxburghii forest would remain the same, however, in other forest types the dominance might be replaced slightly under identical environmental conditions. A cross examination with regeneration of seedlings of tree species indicates that there was 100% seedling regeneration in Pinus roxburghii forest. It shows in near future there are no chances of replacing dominance in Pinus roxburghii forest. As such present findings also support the views of the above authors. Saxena and Singh (1982) observed 85.6% regeneration of saplings and only 28.6% regeneration of seedlings in Pinus roxburghii forest of Kumaon Himalaya. Higher percentage of regeneration in the present study might be due to different physiographic, better habitat conditions, and awareness of villagers for the conservation of forests of the area. In mixed forests, Saxena and Singh (1982) reported 33.33% of regeneration for both seedlings and saplings in forests of Kumaon Himalaya. In this study the figures were 51.85 and 44.44%, respectively, for seedlings and saplings. These figures are slightly higher than reported earlier might be due to above-mentioned factors. In Q. leucotricophora forests earlier studies showed 00.00% seedling regeneration and 85.7% sapling regeneration (Saxena and Singh, 1982). In the present study seedling, regeneration was 41.17% and sapling regeneration was 64.70%. Higher seedling regeneration and lower sapling regeneration was due to diversified microclimatic conditions prevailing therein. 
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Table 1 a. Phytosociological analysis of Trees in Pinus roxburghii forest

	Species
	Density

(tree100m-2)
	A/F
	Total Basal

Cover

(cm2 100m-2)
	IVI

	Pinus roxburghii  Sargent
	5.54
	0.038
	3386.72
	251.79

	Lyonia ovalifolia (Wallich) Drude.
	0.23
	0.11
	63.93
	19.49

	Rhododendron arboreum Smith
	0.17
	0.15
	37.05
	10.74

	Pyrus pashia Buch.-Ham. ex D. Don
	0.08
	0.24
	10.95
	5.68

	Myrica esculenta Buch.-Ham. ex D. Don
	0.04
	0.60
	14.36
	3.39

	Quercus leucotrichophora A. Camus
	0.04
	0.37
	8.70
	3.24

	Euphorbia royleana Boissier.
	0.04
	0.88
	4.94
	1.93

	Cornus oblonga Wallich
	0.02
	1.70
	11.63
	1.79

	Engelhardtia spicata Leschenault ex Blume
	0.02
	1.11
	6.32
	1.10

	Bauhinia variegata L.


	0.01
	1.11
	3.25
	0.85

	Table 1 b. Phytosociological analysis of saplings in Pinus roxburghii forest

	Pinus roxburghii  Sargent
	9.18
	0.08
	556.49
	117.2

	Lyonia ovalifolia (Wallich) Drude.
	5.61
	0.30
	333.0
	49.6

	Rhododendron arboreum Smith
	4.27
	0.15
	326.8
	42.5

	Quercus leucotrichophora A. Camus
	3.89
	0.26
	100.8
	23.13

	Cornus oblonga Wallich
	3.89
	0.19
	80.75
	19.35

	Engelhardtia spicata Leschenault ex Blume
	2.76
	0.19
	58.37
	14.8

	Bauhinia variegata L.
	2.76
	0.26
	101.3
	16.08

	Pyrus pashia Buch.-Ham. ex D. Don
	2.76
	0.26
	106.3
	16.38

	Table 1 c. Phytosociological analysis of seedlings in Pinus roxburghii forest 

	Pinus roxburghii  Sargent
	10.11
	0.028
	21.12
	62.19

	Pyrus pashia Buch.-Ham. ex D. Don
	9.98
	0.21
	28.74
	38.80

	Quercus leucotrichophora A. Camus
	9.65
	0.055
	37.82
	37.76

	Rhododendron arboreum Smith
	9.67
	0.047
	24.17
	33.21

	Lyonia ovalifolia (Wallich) Drude.
	8.76
	0.075
	34.33
	32.40

	Myrica nagi auct. non. Thunb
	9.23
	0.064
	18.46
	26.15

	Myrica esculenta Buch.-Ham. ex D. Don
	7.23
	0.064
	28.34
	25.76

	Cornus oblonga Wallich
	5.97
	0.24
	17.19
	18.46

	Engelhardtia spicata Leschenault ex Blume
	4.76
	0.45
	8.37
	11.95

	Bauhinia variegata L.
	4.28
	0.38
	9.64
	11.28

	Table 2 a. Phytosociological analysis of Tree  in Mixed Pinus roxburghii forest 

	Pinus roxburghii  Sargent
	3.10
	0.039
	2581.3
	139.0

	Rhododendron arboreum Smith
	0.50
	0.06
	237.0
	23.5

	Myrica esculenta Buch.-Ham. ex D. Don
	0.34
	0.06
	235.7
	19.1

	Lyonia ovalifolia (Wallich) Drude.
	0.47
	0.08
	161.1
	17.5

	Quercus leucotrichophora A. Camus
	0.27
	0.06
	98.6
	12.9

	Engelhardtia spicata Leschenault ex Blume
	0.29
	0.06
	69.6
	12.1

	Syzygium cuminii (L.) Skeels
	0.20
	0.09
	136.0
	11.4

	Acer laevigatum  Wallich
	0.19
	0.09
	98.9
	9.8

	Pyrus pashia Buch.-Ham. ex D. Don
	0.21
	0.08
	44.1
	9.2

	Toona serrata (Royle) M. Roemer 
	0.13
	0.13
	46.7
	5.9

	Quercus floribunda Lindley ex Rehder.
	0.11
	0.10
	28.5
	5.5

	Toona ciliate Roemer
	0.07
	0.25
	43.9
	3.5

	Bauhinia retusa Buch.-Ham. ex Roxb.
	0.06
	0.21
	14.8
	3.1

	Persea odoratissima (Nees) Kostermans
	0.06
	0.36
	15.6
	3.1

	Sapium insigne (Royle) Benth. Ex Trimen
	0.06
	0.33
	11.7
	3.0

	Eugenia frondosa Wallich ex Duthie
	0.06
	0.46
	15.7
	2.6

	Olea glandulifera Wallich ex G. Don
	0.04
	0.46
	24.5
	2.5

	Bauhinia purpurea L.
	0.06
	0.30
	11.6
	2.5

	Acer oblongum Wallich ex DC.
	0.04
	0.30
	20.0
	2.4

	Ehretia laevis Roxb.
	0.03
	0.34
	9.2
	2.1

	Bauhinia variegata L.
	0.04
	0.37
	8.2
	1.7

	Milletia auriculata Baker ex Brandis
	0.03
	0.37
	12.0
	1.7

	Ougenia dalbergioides Benth.
	0.03
	0.36
	8.7
	1.6

	Bauhinia vahlii Wight & Arn.
	0.03
	0.85
	10.7
	1.2

	Prunus cornuta (Wallich ex Royle) 
	0.03
	1.07
	10.1
	1.2

	Rhamnus virgatus Roxb.
	0.03
	0.85
	6.4
	1.1

	Carpinus viminea Lindley
	0.01
	0.85
	7.5
	0.8

	Table2 b. Phytosociological analysis of saplings in mixed Pinus roxburghii forest

	Pinus roxburghii  Sargent
	23.51
	0.028
	1602.2
	86.4

	Rhododendron arboreum Smith
	19.67
	0.014
	841.0
	59.5

	Myrica esculenta Buch.-Ham. ex D. Don
	12.86
	0.025
	564.4
	39.1

	Lyonia ovalifolia (Wallich) Drude.
	12.86
	0.037
	297.7
	28.5

	Quercus leucotrichophora A. Camus
	11.81
	0.017
	220.9
	25.5

	Engelhardtia spicata Leschenault ex Blume
	6.78
	0.05
	143.3
	16.60

	Pyrus pashia Buch.-Ham. ex D. Don
	4.96
	0.06
	57.8
	13.00

	Toona serrata (Royle) M. Roemer 
	4.96
	0.06
	54.0
	13.50

	Sapium insigne (Royle) Benth. Ex Trimen
	2.17
	0.07
	23.63
	6.21

	Bauhinia variegata L.
	2.07
	0.13
	27.2
	4.61

	Bauhinia vahlii Wight & Arn.
	0.96
	0.13
	13.70
	2.87

	Prunus cornuta (Wallich ex Royle)
	0.85
	0.13
	13.52
	2.77

	Table 2 c. Phytosociological analysis of seedlings in mixed Pinus roxburghii forest

	Pinus roxburghii  Sargent
	27.61
	0.028
	190.7
	64.3

	Rhododendron arboreum Smith
	21.01
	0.014
	147.2
	50.3

	Myrica esculenta Buch.-Ham. ex D. Don
	18.76
	0.015
	147.4
	48.3

	Lyonia ovalifolia (Wallich) Drude.
	17.01
	0.031
	95.10
	35.9

	Quercus leucotrichophora A. Camus
	15.42
	0.027
	52.73
	25.6

	Sapium insigne (Royle) Benth. Ex Trimen
	11.11
	0.022
	49.50
	22.1

	Bauhinia variegata L.
	6.98
	0.037
	14.51
	11.48

	Prunus cornuta (Wallich ex Royle)
	6.98
	0.086
	20.31
	11.2

	Toona serrata (Royle) M. Roemer
	5.76
	0.08
	24.0
	10.8

	Quercus leucotrichophora A. Camus
	3.21
	0.04
	13.99
	7.7

	Acer oblongum Wallich ex DC.
	3.21
	0.13
	6.96
	5.0

	Bauhinia retusa Buch.-Ham. ex Roxb.
	1.18
	0.13
	2.56
	2.46

	Carpinus viminea Lindley
	0.76
	0.20
	4.52
	1.98

	Milletia auriculata  Baker ex 
	0.76
	0.40
	1.98
	1.23

	Table3 a. Phytosociological analysis of  Tree in Quercus leucotrichophora forest 

	Quercus leucotrichophora A. Camus
	4.80
	0.066
	2538.87
	194.98

	Rhododendron arboreum Smith
	0.31
	0.060
	103.53
	17.26

	Myrica esculenta Buch.-Ham. ex D. Don
	0.30
	0.15
	59.06
	15.08

	Quercus floribunda Lindley ex Rehder
	0.30
	0.11
	87.81
	14.74

	Acer oblongum Wallich ex DC.
	0.31
	0.17
	84.64
	12.26

	Persea odoratissima (Nees) Kostermans
	0.22
	0.08
	45.60
	9.70

	Lyonia ovalifolia (Wallich) Drude.
	0.14
	0.11
	59.09
	8.96

	Ilex dipyrena Wallich
	0.11
	0.22
	43.39
	5.51

	Cornus oblonga Wallich
	0.10
	0.16
	21.99
	5.31

	Viburnum cotinifolium D. Don
	0.07
	0.27
	15.53
	3.41

	Pyrus pashia Buch.-Ham. ex D. Don
	0.07
	0.23
	12.77
	3.32

	Litsea umbrosa Nees
	0.06
	0.23
	17.26
	3.32

	Aesculus indica (Colebr. Ex Cambess)
	0.04
	0.34
	6.70
	2.69

	Ilex odorata Buch.-Ham. ex D. Don
	0.01
	1.04
	4.23
	0.92

	Maesa indica auct. non (Roxb.) A. DC.
	0.01
	0.83
	2.61
	0.86

	Lonicera quinquelocularis Hardwicke 
	0.01
	0.83
	2.30
	0.85

	Pinus roxburghii  Sargent
	0.01
	1.5
	1.47
	0.83

	Table 3b. Phytosociological analysis of  sapling in Quercus leucotrichophora forest 

	Quercus leucotrichophora A. Camus
	8.17
	0.078
	476.80
	104.4

	Rhododendron arboreum Smith
	6.20
	0.20
	285.6
	52.66

	Myrica esculenta Buch.-Ham. ex D. Don
	5.16
	0.15
	209.9
	38.94

	Lyonia ovalifolia (Wallich) Drude
	3.57
	0.08
	138.2
	28.81

	Quercus floribunda Lindley ex Rehder
	3.19
	0.11
	67.56
	19.49

	Acer oblongum Wallich ex DC.
	3.19
	0.22
	99.40
	18.81

	Pinus roxburghii Sargent
	2.16
	0.30
	150.5
	18.32

	Ilex odorata Buch.-Ham. ex D. Don
	0.98
	0.82
	25.40
	5.31

	Viburnum cotinifolium D. Don
	0.48
	0.46
	37.29
	5.99

	Litsea umbrosa Nees
	0.22
	0.46
	5.70
	3.11

	Aesculus indica (Colebr. Ex Cambess)
	0.22
	0.46
	9.19
	3.35

	Table 3 c. Phytosociological analysis of  seedlings in Quercus leucotrichophora forest 

	Quercus leucotrichophora A. Camus
	20.80
	0.086
	111.69
	119.76

	Rhododendron arboreum Smith
	8.17
	0.066
	57.0
	59

	Myrica esculenta Buch.-Ham. ex D. Don
	6.19
	0.073
	43.3
	39.9

	Lyonia ovalifolia (Wallich) Drude
	4.12
	0.073
	20.5
	25.97

	Quercus floribunda Lindley ex Rehder
	4.12
	0.024
	21.0
	43.59

	Pinus roxburghii Sargent
	0.89
	0.62
	3.58
	5.99

	Aesculus indica (Colebr. Ex Cambess)
	0.46
	0.46
	2.41
	5.43


Table 4.  Species Richness, Shannon –Weiner information function (Diversity), Concentration of Dominance, 
Sapling and Seedling layers on sites for different forest types
	Forest Type
	Layers
	Species 

Richness
	Shannon-Weiner information

 function (Diversity)
	Concentration

 of Dominance

	
	
	
	Min
	Max
	Min
	Max

	
	
	
	
	
	
	

	
	Tree
	10
	0.07
	0.45
	0.27
	0.91

	Pine
	Sapling
	08
	0..06
	0.38
	0.47
	0.65

	
	Seedling
	10
	0.05
	0.47
	0.29
	0.93

	
	Tree
	27
	0.41
	0.53
	0.08
	0.24

	Mixed Pine
	Sapling
	12
	0.27
	0.50
	0.13
	0.50

	
	Seedling
	14
	0.44
	0.52
	0.21
	0.35

	
	
	
	
	
	
	

	
	Tree
	17
	0.15
	0.43
	0.28
	0.80

	Oak
	Sapling
	11
	0.30
	0.40
	0.44
	0.68

	
	Seedling
	07
	0.30
	0.44
	0.42
	0.68


Table 5a. Distribution pattern (percentage) of Pinus roxburghii forest 

	Stratum
	Regular
	Random
	Contiguous

	Tree layer
	-
	10
	90

	Sapling layer
	-
	25
	75

	Seedling layer
	-
	30
	70


Table 5b. Distribution pattern (percentage) of Mixed Pinus roxburghii forest 

	Stratum
	Regular
	Random
	Contiguous

	Tree layer
	-
	11.12
	88.88

	Sapling layer
	8.33
	33.33
	58.33

	Seedling layer
	21.42
	42.85
	35.71


Table 5c.  Distribution pattern (percentage) of Quercus leucotrichophora forest 

	Stratum
	Regular
	Random
	Contiguous

	Tree layer
	11.76
	-
	88

	Sapling layer
	-
	9.10
	90.9

	Seedling layer
	-
	14.28
	85.7


Table 6.  Regeneration Status of Forests (individuals/ha)

	
Forest Type

	Tree Stratum
	Regeneration Status

	
	
	

	
	
	

	
	
	

	
	Tree
	100

	Pine
	Sapling
	80

	
	Seedling
	100

	
	
	

	
	Tree
	270

	Mixed Pine
	Sapling
	120

	
	Seedling
	140

	
	
	

	
	Tree
	170

	Oak
	Sapling
	110

	
	Seedling
	70


Table 7. Environmental Regeneration Potential

	Forest Type
	Species with Saplings (%)
	Species with Seedling (%)

	Pine
	80
	100

	Mixed Pine
	44.44
	51.85

	Oak
	64.70
	41.17


Fig. 1, 2 and 3: Dominance diversity (D-D) curves for trees, saplings and seedlings
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