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Abstract Vedic period to present day the conserva-
tion and management of forest is a big concern. To
focus the forest management and to assess regenera-
tion status of forests, present study was carried out
at Van-Panchayat (community managed) and reserve
forest located in Central Himalaya. The quadrats were
placed randomly for the collection of data and for the
estimation of regeneration tree species were distrib-
uted in different girth classes. The study reveals that
the community managed forests were reported hav-
ing more young girth class of trees than the older
girthclass’s tree species. Reserve forest showed
slightly better regeneration trends (0-36% species
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showed good regeneration, 35-56% species showed
fair regeneration, 14—19% species showed poor re-
generation) than community forest (22—-29% species
showed good regeneration, 5-56% species showed
fair regeneration, 0—57% species showed poor regen-
eration). Community people have lesser alternative
sources of energy as fuel and fodder so they used
oak species from VP forests, to fulfill their basic needs
so there is a moderate pressure on oak species. Thus
including all the attribute of results it can be con-
cluded that forests needs to be a participatory appro-
ach to be conserved and managed for sustainability.

Keywords Regeneration, Seedlings, Saplings, Com-
munity, Central Himalaya.

Introduction

Ecologist often uses size distribution to indicate the
strength of a population. If there is large number of
juveniles relative to adult trees, this is taken to indi-
cate that a population is stable, perhaps growing, but
few juveniles can be seen as a warning that the popu-
lation is in decline. The dearth of direct estimate of
population size through time, this appears a reason-
able shortcut. It is often very easy to get estimates of
size distribution from a population but much harder
to record end using population trends (Condit et al.
1998). One main goal of forest ecology is to infer past
changes and predict future changes in species com-
position, and examining the diameter distributions of
canopy species is often used toward this end (Lorimer
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Table 1. Regeneration pattern showing forest and species
status.

Curve Pattern Regeneration pattern
Reverse J Seedling>sapling>tree ~ Good regeneration
J Seedling<sapling<tree =~ Poor regeneration

Bell shaped Seedling<sapling>tree =~ Poor regeneration

Q)

Reverse bell  Seedling>sapling<tree  Fair regeneration
shaped (U)

Parallel (]|) Seedling=sapling=tree ~ Fair regeneration

Irregular (|) Only seedlings New species

Irregular (|) Only mature tree No regeneration

1980, Knowles and Grant 1983, Ogden 1985, Hart etal.
1989, Franklin et al. 1993, Read et al. 1995). Population
size distribution carries a wealth of demographic in-
formation and is frequently the most unequivocal and
accessible attribute available for a population. The
size distribution of a population is a synthesis of the
demographic events of recruitment, mortality and in-
dividual growth rates over time (Kelly et al. 2001).
Theoretical population models predict that the shape
of population size distributions results from the inter-
action between size-specific survival, growth and fe-
cundity (Case 2000, Caswell 2001). If two populations
differed in fecundity only, having equal growth and
survival rates across size classes, then a larger popu-
lation growth rate would produce a steeper negative
size distribution (Condit et al. 1998). The future com-
position of the forests depends on the potential re-
generative status of tree species within a forest stand
in space and time (Henle et al. 2004).Presence of suf-
ficient number of seedlings, saplings, and young trees
in a given population indicate a successful regenera-
tion (Saxena and Singh 1984). The aim of the present
study is to generate regeneration status in temperate
mountain forest zones of part of Central Himalaya.
The principle objective of this study is to compute
environmental regeneration of studied forest stands
so that it can be beneficial for the foresters and the
villagers to make them aware of the present condition
under the effect of climate change.

(Financial assistance from University Grant Com-

mission, New Delhi under UGC-SAP (BSR) research
fellowship is gratefully acknowledged).

Materials and Methods
Study area

The present study was conducted forest regenera-
tion affairs in Himalaya region managed through
community and forest department in hilly region. The
sites were located in Nainital district of Uttarakhand
(India) 29° 19" t029° 34" N and 79°40 to 79°-58" E lati-
tude and longitude, respectively in 1600 to 2500 m
elevation from sea level. Six study forest sites were
selected i.e. 03 community managed (forest site-1, site-
2 and site-3) that are managed by the local commu-
nity peoples and 03 reserve forest (forest site-4, site-
5 and site-6) managed by the forest department and
the reserve forest was located near community and
community forest. The major forest vegetation of the
study forest sites were: Quercus floribunda, Rhodo-
dendron arboretum, Pinus roxburghii Myrica
esculenta and Quercus leucotrichophora some tree
species were planted in the reserve and community
forest. Reserve forest site have some exotic species,
they are planted with the native species by forest
department.

Vegetation and diversity analysis

The study period, the trees in the vegetation type
were classified into three growth phase girth was
measured at breast height from ground level (Circum-
ference at breast heighti.e. 1.37 m) i.e. <10 cm seed-
ling, 10.1-30 cm and sapling, >30 cm adult trees. The
sampling was carried out in 10 x 10 m for tree, sapling
and seedling and the sampling size was one fourth
(2500 m?) of one hectare forest for the assessment
(Saxena and Singh 1984, Misra 1968). Species rich-
ness was computed through the number of individual
taken from collection in forest sites. Species diversity
of tree species in each studied forest site was calcu-
lated by using Shannon-Weiner information index
(Shannon and Weaver 1963).

Ni Ni

S () ()
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Table 2. Density (plant/ha) of different life stage of plants according to their girth (cm).

Sites/ Density (ind/ha) Density ~ Species

Girth Area  Seedling Sapling Tree (ind/ha)  diversity Species
(cm) (ha) 0-10 10.1-30 30.1-60 60.1-90  90.1-120 120.1-150 >150 Average H’ richness
Site-1 206 1620 2990 1150 267 60 20 40 878+424  2.73 20
Site-2 314 2757 1123 947 427 113 63 47 782+368  3.05 18
Site-3 118 2263 83 177 277 157 27 3 427£308  2.25 09
Site-4 216.8 770 443 103 320 197 80 20 276+99 2.80 14
Site-5 308 1160 790 313 150 123 97 67 386£160 2.84 20
Site-6 90 817 53 160 137 120 70 33 199+104  3.04 16

Where, Ni is total number of individual species;
N is total number of individuals of all species (Shan-
non and Weaver 1963).

Regeneration

The regeneration status of a tree species was esti-
mated to categorized on the basis of the girth classes
of the tree that are <10 cm seedling, 10.1-30 sapling,
>30 adult trees (30.1-60, 60.1-90, 90.1-120, 120.1-150,
>150). The regeneration pattern was estimated
through different graph curve developed through MS
excel, as the pattern of curve shown in Table 1 we
determine the regeneration status of species and for-
est sites (Condit et al. 1998, Sukumar et al. 1992).

Sorenson index of similarity (Magurran 1988) was
used: S =2 c¢/(a + b), where S is Sorenson index of
similarity, ¢ is number of species shared between
growth phases (here mature tree phase and regener-
ating phase, i.e. saplings + seedlings), a is total num-
ber of species in growth phase a (regenerating phase),
and b is total number of species in growth phase b
(mature phase).

Results and Discussion
Density and diversity

The species dominance in the forest sites were based

on density of individuals (sapling+mature tree), seed-
lings were excluded because they were not shared in
canopy cover. The Q. floribunda was the dominant
tree species in forest site-1 and site-2 on the basis of
density (sapling + mature tree) but P. roxburghii was
the dominant tree species in forest site-3 in commu-
nity managed forest (Table 2). In reserve forest site-4,
dominant tree species was P. roxburghii and Q.
leucotrichophora was dominant in forest site-4 and
5 (Table 2). Total species richness in the studied for-
est sites were ranged 0920 in western Himalaya re-
gion. In community managed forest site-1, site-2 and
site-3 saplings and seedling density were higher than
mature trees, in reserve forest site-4, site-5 and site-6
mature tree density was higher than seedlings den-
sity than sapling (Table 3). The mean density of all
phase (seedling, sapling and mature tree) represents
higher density reported in community forests than
reserve forests. Species diversity of the forests was
ranged 2.25 to 3.05 which is approximately equal in
community and reserve forests sites (Table 3).

Regeneration

Percent of regenerating species was maximal of seed-
lings as compared to the sapling and mature trees.
The percent of mature phase was lesser than regener-
ating phase (seedling and sapling). Regenerating spe-
cies was ranged 43 to 78%, which means seedling
transform to sapling and sapling transform to mature
tree (Table 3). The similarity percent was 8 to 15%
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Table 3. Distribution pattern of adult trees and seedling +
sapling of trees occur in different forests. Regenerating spe-
cies (seedling + sapling + adults trees i.e. >30 cm girth) share
in all phases of trees. Similarity % (using Sorenson index of
similarity) of adult trees and saplings + seedlings in different
forest site and new species recruited (only seedling present)
are also shown. *A number of species occur in saplings and/or
seedlings, and these species may or may not have mature tree
stage.

Tree Seedling + *Regene- Sorenson New

species  sapling rating species index entry
Sites (%) only (%) (%) (%) species %
Site-1 25 75 55 13 14
Site-2 29 71 67 14 0
Site-3 21 79 78 8 22
Site-4 37 63 43 9 0
Site-5 28 72 60 15 15
Site-6 37 63 69 15 13

which represent the common regenerating phase spe-
cies that were present in mature phase also (Table 3).
New invade species include 0 to 22% in forest sites,
that represent number of species march into that place
from which newly existed (Table 3).

Forest site-1 showed bell shaped curve which
depicted poor regeneration pattern (Fig. 1). The num-
ber of saplings was very high in the forest site than
seedling and mature trees; discrepancy in the relative
proportion of old and medium sized trees was expected
to occur depending on forest disturbance regime. The
dominant tree species Q. floribunda showed bell
shaped curve which showed poor regeneration, these
saplings was higher in percentage than other species
and other sub species R. arboreum showed reverse J
curve represent good regeneration. The fodder spe-
cies undergo high pressure than other sub-species
(Table 4).

Forest site-2 showed reverse J shaped curve
which represent the good regeneration (Fig. 1). In
forest site-2 seedlings and adults were higher than
saplings. The dominant tree species showed Q. flori-
bunda J shaped curve which depicted poor regen-
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Fig. 1. Regeneration status of the forests.

eration and followed by R. arboreum and L. ovalifolia
showed reverse bell shaped curve which represented
fair regeneration in forest site (Table 4). Q. floribunda
undergoes more anthropogenic pressure (caused by
fodder, fuel wood collection and cattle grazing) than
other sub species.

Forest site-3 showed reverse J shaped curve
which represent the good regeneration (Fig. 1). The
dominant tree species P. roxburghii showed reverse
bell shaped curve which represented fair regenera-
tion, seedling and mature tree much higher than sap-
lings stage. Fodder species Q. leucotrichophora spe-
cies showed reverse J curve which represent good
regeneration, the community people planted oak spe-
cies and managed them (Table 4).

The reserve forest nearby community and vil-
lage showed better regeneration status. In forest site-
4 showed reverse J shaped curve predict good regen-
eration (Fig. 1). The dominant tree species P.
roxburghii showed reverse bell shaped predict fair
regeneration, followed by C. torulosa represent I
shaped curve (only mature trees were present) re-
veals no regeneration and Q. leucotricho-
phora represented reverse J curve which showed
good regeneration (Table 4).

Forest site-5 showed reverse J shaped which rep-
resent good regeneration pattern, seedlings was
greater than sapling than adults (Fig. 1). The domi-
nant species Q. leucotrichophora showed reverse J
shaped predict good regeneration, P. roxburghii re-
verse bell shaped represented fair regeneration and
C. torulosa showed J shaped showed poor regenera-
tion (Table 4).



Table 4. Regeneration status of species in forests sites.

Forest site Community managed Reserve forest

Species Site 1 Site2 Site3 Site4 Site5 Site 6
A. indica —  Poor - - Poor Poor
A. mearnsii - - - - Poor -
A. nepalensis —  Poor - Poor Fair -
A. oblongum —  Poor - - - Fair
A. pindrow  Fair - - - - -
B. orientalis - - - - -
B. rugulosa Good  — - - - Fair
C. capitata -  Good - - - No
C. deodara Poor — - - Fair  Poor
C. micrantha - - - - - No
C. torulosa Poor  — - No Fair  Poor
E. parviflora Good Good - Fair  Fair New
E. tereticornis — - - - Fair -
E. micrantha - No - - - -
1. dipyrena  Good Good - - - -
L. ovalifolia Poor Fair Fair =~ Fair Good  Fair
L. umbrosa Poor - - - - -
M. esculenta Poor Poor Fair Fair  Good Fair
P. cerasoides Good Good New Poor New -
P. communis Poor - - - - -
P. orientalis - - - Good New -

P. pashia Fair  Fair Fair Good Fair Fair

P. roxburghii Poor Poor  Fair  Fair  Fair Fair
Q. floribunda Poor Poor - - Poor -
Q. lanuginosa New — — - No Poor -
Q. leucotri-

chophora Poor Fair Good Good Good  Fair
R. arboreum Good Fair Fair  Fair Poor Fair
S. chinensis Poor Fair Good Good Good  New
S. nigra New - - - - -
T. baccata - - - - - -
T. ciliata - - - Good No Fair
FE cotinifo- Poor Good New - New -

lium

Forest site-6 showed reverse bell shpaed curve
represented fair regeneration (Fig. 1). Appoximetly all
the species showed reverse bell shaped curve repre-
sented fair regeneration (Table 4).

The forest site 1, 2 and 3 were community man-
aged forest and forest site 4, 5 and 6 managed by
forest department. The community managed forest
was reported more young girth class of trees than
mature trees. The size distribution alone is a good
predictor of future population trends, since size dis-
tribution is also affected by other demographic vari-
able that vary between species (Condit et al. 1998).
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As the results showed the forest site-1 more percent
of species showed poor regeneration (57%) and fol-
lowed by good regeneration (24%) which predicts
that juvenile density was lesser than sapling density
and saplings were higher than adult’s density (Fig.
1). Non-positive symmetry may characterized the
population size distribution of a long-lived pioneer
that depends on moderate disturbance events to
successfully regenerate, the complete lack of small
individuals frequently seen in adult-dominated pop-
ulations is not a necessary characteristic of the eco-
logical models (Souza 2007). The fodder species in
the forest site-1 have relatively moderate pressure. In
forest site-2 more number of species showed good
regeneration (23%) followed by poor regenera-
tion (21%), the saplings were lesser than the juvenile
density and adults density (Fig. 1). In forest site-2
community people participate in forest managed and
conservation. In forest site-3 juvenile density and
adults density were much higher than the sapling
which illustrate fair regeneration, in the forest
site local peoples gave more emphasis to the plant-
ed the fodder or broad leaf plant species (Quercus
species) and avoid Pinus species plantation because
the resin extract decline the soil fertility and soil be-
come acidic. Forest site-3, 56% species showed fair
and 22% species showed good regeneration (Fig. 1),
the new plantation was held on 2014.

In forest site-4, juvenile and adults density was
higher than saplings density represent fair regenera-
tion, the dominated species Pinus roxburghii showed
more adult density compare to juvenile density and
sapling density. Site-4, 33% of species showed good
and fair regeneration the forest department play a sig-
nificantrole in management of forest (Fig. 1), the local
community interaction was less in reserve forests. In
forest site-5 Juvenile density was higher followed by
saplings than adult’s density, represent good regen-
eration, dominant species Quercus leucotrichophora
showed juvenile and adults density was higher than
saplings density represent fair regeneration. Q.
leucotrichophora not showed good regeneration
because the percentage of seedling is the lowest and
being a multipurpose species with high demand, yields
more biotic stresses, and may be replaced by the in-
vading species (Tiwari and Tiwari 2012). Site-5, 35%
species showed fair regeneration, 25% species
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showed poor regeneration and only 20% species
showed good regeneration. In forest site-6, juvenile
and adults density was higher than saplings density
representing fair regeneration. Site-6, 56% species
showed fair regeneration, no single species showed
good regeneration and 19% species showed poor re-
generation (Fig. 1). The above discussion exemplify
that forest managed forest or reserve forest was com-
paratively well managed. The community forest sites
were relatively disturbed through the anthropogenic
disturbances and climatic factors (landslide). The
anthropogenic disturbance causes disruption of for-
est structure and change in species composition,
which eventually leads to reduction of tree species
richness and abundance, which are the major at-
tributes of forests (Jayakumar and Nair 2013). The
unsustainable exploitation of the forest by the local
communities has critically affected species evenness
of the woody plants and population structure of the
forest (Alelign et al. 2007).

The conclusion of the
study was as follow

The broad leaf species have more pressure such as
0. floribunda, Q. leucotrichophora, R. arboreum
and L. ovalifolia for multiple purposes (Fodder, fuel
wood and other uses). The more seedlings and sap-
lings (young tree girth classes) than adults in com-
munity forests, needs to be proper management and
conservation for the future sustainability. Reserve
forests was dominated older girth classes than seed-
lings and saplings but for the further more sus-
tainability and maintain good regeneration of forest
needs to be more plantation in barren and unused
areas in forest. During study period we acquainted
with that the community people now actively partici-
pated in the forest management, in community for-
ests Sarpanch (Head of community forest or Van-Pan-
chayat) and committee members of Van-Panchayat
formed small groups of women to manage and pro-
tect their forest from various disturbances. Thus, the
indigenous women are well aware and play important
role in reserves and conserve the degrading forest in
their surrounding forests. The species richness was
higher in community forest than reserve forest, the
anthropogenic pressure slightly enhance the species
richness of the forest.
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