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Abstract We studied forest vegetation at Lata—Tolma-—
Phagti, a protected area and part of Nanda Devi Biosphere
Reserve in the western Himalaya. We analyzed community
composition, population structure, regeneration patterns,
and projected development of future compositional pat-
terns. We sampled ten 10 x 10 m quadrat for tree species
in each of 30 forest stands. We sampled shrubs in ten
5 x 5 m quadrat, and herbs in twenty 1 x 1 m quadrat
within each forest stand. We recorded 248 plant species
from 8 forest communities. Broadly the demographic
profiles at study sites exhibited progressive structures
suggesting long term persistence of the communities/spe-
cies. Density—diameter distribution revealed greater pro-
portions of seedlings and a significant decline (P < 0.05) in
the proportion of trees in older age/size classes. Of the 23
recorded tree species, 13.0 % showed good, 52.2 % fair,
26.1 % poor and 8.7 % no regeneration. Differences in
regeneration by species are indicative of future forest
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structure and dynamics. Assessment of changes in structure
of forest types provides baseline data for development of
priorities for conservation of other representative land-
scapes in the reserve as well as in the Himalaya.
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Introduction

Tree diversity, forest structure, tree growth, and forest
turnover are important parameters for monitoring eco-
logical processes in dynamic environments. Forests are
characterized by their three main life stages called seed-
ling (newly emerged plants), sapling (established plants
between seedling and tree) and tree (plants undisturbed by
micro-environmental conditions). The number (density)
and type (richness) of trees define the structure and
composition of forests (Shankar 2001; Mishra et al. 2003).
Species richness patterns in relation to the environment
need to be understood before drawing conclusions on the
effect of biodiversity on ecosystem processes. The num-
ber of trees at seedling, sapling and tree age classes
reveals population structure and their establishment at
seedling and sapling level represent regeneration status
(Baduni and Sharma 2001; Bhandari 2003).

The nature of forest communities depends on the eco-
logical characteristics of sites, species diversity and
regeneration status of species (Criddle et al. 2003; Todaria
et al. 2010). The tree strata (i.e. seedling, sapling and tree
layers that define the population structure of a forest) are
affected by micro-environmental factors that vary season-
ally (Khumbongmayum et al. 2006; Kharkwal 2009).
Environmental variation within a small geographical area
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makes elevational gradients ideal for investigating several
ecological and biogeographical hypotheses (Korner 1998).
It is necessary to understand species richness, population
structure, germination and establishment of seedlings and
saplings across seasons and elevations for maintenance of
forest structures (Khumbongmayum et al. 2006; Rao 1988).
Absence of tree seedlings and saplings indicates poor
regeneration, while their presence indicates successful
regeneration (Saxena and Singh 1984).

Forest composition, community structure and diversity
patterns are important ecological attributes often correlated
with environmental and anthropogenic variables (Gairola
et al. 2008; Ahmad et al. 2010). Numbers of seedlings,
saplings and young trees are influenced by biotic and abi-
otic factors (Boring et al. 1981; Aksamit and Irving 1984).

The impediments in recruitment establishment,
destruction of forest composition and its diversity result in
changes in structural and functional aspect s of a forest
ecosystem (Macdonald et al. 1989; Dhar et al. 1997). The
protected area (PA) network in the Indian Himalayan
region comprises of seven biosphere reserves, 25 national
parks and 98 wildlife sanctuaries occupying 9.90 % area of
the Indian Himalaya. Voluminous databases on existing
biodiversity, especially on regeneration potential in most
PAs in the Himalaya are not available. Without significant
biological information, it is difficult to develop conserva-
tion plans for efficient management of PAs (Dhar et al.
1997). The present investigation in Lata—Tolma—Phagti
(LTP), part of Nanda Devi Biosphere Reserve (NDBR) in
the Himalaya focuses on (1) describing plant diversity
(structural and compositional); (2) assessment of regener-
ation status with reference to seasonal recruitment pattern
and, (3) predicting potential changes to forest struc-
ture/composition in future.

Materials and methods
Study area and site selection

The NDBR, represents the west Himalayan highland (2b)
province of the biogeographic zone-Himalaya and lies
between 30°06" and 31°04’ north latitude and 79°13’ and
80°17' east longitude, covering 6407.03 km* (core zone
712.12 km?; buffer zone 5148.57 km®; transition zone
546.34 kmz). The site experiences three seasons, rainy
(mid June-mid September), prolonged winter (late
September—April) and summer (May—mid June). Average
annual rainfall in the reserve ranges from 1500 to
2000 mm, of which more than half occurs during the rainy
season (Adhikari et al. 1991; Rawal and Pangtey 1994)
suggesting a strong monsoonic influence. September—
November months are the driest of all. One representative
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site (i.e., Lata—Tolma—Phagti: LTP in Garhwal region) in
the buffer zone of NDBR was selected as the intensive
study site (Fig. 1). Surveys were conducted during
2010-2012 at this site.

Sampling and data collection

Thirty forest stands (plots) at LTP site were sampled in
three vertical transects named Lata (Lata village-Lata
Kharak, 2350-3900 m), Tolma (Suraithoda—Jhandidhar,
2400-3850 m), and Phagti (Pagrasu—Dhunadhar,
2350-3900 m). Details of locations (altitude, latitude and
longitude) were recorded using hand-held global position-
ing system [GPS (Garmin model-12)]. Standard phytoso-
ciological methods were used to obtain quadrat data
(Greig-Smith 1957; Misra 1968; Kershaw 1973; Muller-
Dombois and Ellenberg 1974; Dhar et al. 1997). Trees,
saplings and seedlings were enumerated in ten randomly
placed (10 x 10 m) quadrat. Shrubs were counted in ten
(5 x 5 m) quadrat and herbs were counted in twenty
(1 x 1 m) quadrat in each stand. In general, in each
quadrat circumference at breast height (CBH at 1.37 m
from the ground) was recorded for all tree species. Based
on this information, individuals were classified as tree

>31 cm; sapling 11-30 cm; seedling <11 cm CBH. Indi-
viduals of tree species were grouped into six arbitrary CBH
classes (A: <10; B: 11-30; C: 31-60; D: 61-120; E:

>121 cm). The total number of individuals in each of these
classes was recorded for each species in individual stands,
and stand information was pooled to represent communi-
ties. Size classes A and B represented seedlings and sap-
lings, respectively. Other classes (C—E) represented tree
classes. Relatively density of species in a particular size
class was calculated as a percentage of total number of
individuals in all size classes. Species diversity index was
computed using the Shannon-Wiener information function
(Shannon and Weiner 1963).

Community structure and regeneration patterns

Seasonal investigation (Negi 1995) on population struc-
ture and regeneration pattern of all tree species was car-
ried out during summer (May-June), rainy season (mid
July—August) and winter (November—December) in 2010
and 2011. The 30 forest stands were grouped into eight
representative forest communities distributed between
2450 and 3586 m a.s.l. for studying detailed population
structure and to predict future compositional changes in
parent communities.

Regeneration status of species was determined based on
population size of seedlings and saplings (Khan et al. 1987;
Shankar 2001; Bhuyan et al. 2003): good regeneration, if
seedlings > saplings > trees;  fair  regeneration,  if
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Fig. 1 Location of study site Lata—Tolma—Phagti (bottom right panel) in Nanda Devi Biosphere Reserve (Uttarakhand in Western Himalaya)

(bottom left panel), India

seedlings > or < saplings < trees; poor regeneration, if the
species survives only in sapling stage, but seedlings are
absent (saplings may be <, > or =trees). If a species is present
only in tree form it is considered as not regenerating, while
species having no trees but only seedlings is considered a
‘new’ species.

Results
Floristic diversity and demographic patterns

Community types, site representation and species impor-
tance (IVI) are listed in Table 1. In total, 248 plant species
were recorded at LTP site in NDBR. Of these, most
(72.6 %, 181 spp.) were herbs. Shrubs (44 spp.) constituted
18.1 % and trees (23 spp.) 9.3 % (Fig. 2). Taxonomically,
of the total 248 species, 87 % were angiosperms, 3.2 %
were gymnosperms and 9.9 % were pteridophytes.
Proportional distribution of individuals in three age
classes (tree, sapling, and seedling) and life forms (tree,
shrubs, and herbs) in the study area and representative sites
is depicted in Fig. 2. LTP site was represented by 23 tree
species. The overall population structure at site LTP is
shown in Fig. 3. LTP site had more seedlings and signifi-
cantly fewer (P < 0.05) individuals in older age classes.
Girth class C (31-60 cm) showed lower establishment of

trees as compared to girth class D (61-120 cm). The
demographic profiles for different forests exhibited more or
less similar patterns (Fig. 4).

Community diversity and distribution pattern

Quantitative ecological parameters for different forest
communities are presented in Table 2. Considering the
forest composition, Pinus wallichiana community (18 spp.)
followed by B. utilis (10 spp.) and Abies spectabilis and A.
pindrow (9 spp. each) exhibited relatively higher tree
species richness. Lowest tree species richness was recorded
in the Mixed Taxus wallichiana—A. pindrow and Cedrus
deodara communities (4 spp. each). Maximum species
richness of saplings (11 spp.) and seedlings (16 spp.) was
also recorded in the P. wallichiana community.

Tree density ranged between 599 and 1211 indiv ha™',
with maximum density in Mixed T. wallichiana—-A. pin-
drow community (1211 indiv ha™") followed by A. cae-
sium (960 indiv ha_l) and B. utilis (856 indiv ha™').
Sapling density ranged from 70 (Mixed J. regia—P. cor-
nuta community) to 951 indiv ha~' (A. pindrow com-
munity). Seedling density ranged from 470 indiv ha~" (C.
deodara community) to 1665 indiv ha~' (A. pindrow
community).

Tree diversity ranged from 0.63 (C. deodara community) to
1.61 (Mixed J. regia—P. cornuta community). Sapling
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Table 1 Site characteristics and dominant species across forest communities

Community types Altitude  Slope No. of  Habitat Important species (IVI value)
(m) ©) stands (s)
Cedrus deodara (Deodar) 2450 15-35 3 A, B Cedrus deodara (245.6); Cupressus torulosa (24.6)
Mixed Juglans regia—Prunus cornuta 2450 10-25 D Prunus cornuta (94.0); Juglans regia (92.0); Acer
acuminatum (46.2)
Mixed Acer caesium—Prunus cornuta 2650 20-45 1 B Acer caesium (127.6); Prunus cornuta (120.4)
Pinus wallichiana (Kail) 2835 15-60 9 A, B Pinus wallichiana (235.0)
Abies spectabilis (Fir) 3050 30-55 2 A, B Abies spectabilis (158.6); Betula utilis (68.8)
Mixed Taxus wallichiana—Abies pindrow 3150 45-55 1 B Taxus wallichiana (137.0); Abies pindrow (112.0)
Abies pindrow (Silver fir) 3200 40-65 8 A, B, C Abies pindrow (156.4); Betula utilis (80.4)
Betula utilis (Birch) 3586 40-70 5 B, D Betula utilis (216.9); Abies pindrow (34.0)
A dry habitat, B moist habitat, C degraded habitat, D bouldary habitat
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_ 1600 i ium-
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Fig. 2 Proportional distribution of species richness across different
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Fig. 3 Mean density—diameter distribution of trees in LTP (Lata—
Tolma—Phagti) site. (A <10; B 11-30; C 31-60; D 61-120;
E >121 cm)

diversity was greatest in the A. spectabilis community (1.36)
and lowest in the Mixed J. regia—P. cornuta and A. caesium—P.
cornuta mixed community (0.76 each). P. wallichiana
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community (1.79) showed maximum diversity of seedlings
and lowest seedling diversity was recorded in the Mixed A.
caesium—P. cornuta community (0.35).

Regeneration status and seasonal behavior

Of the 23 tree species recorded at site LTP, 13.0 % showed
good, 52.2 % fair, 26.1 % poor, 8.7 % no regeneration
(Table 3). ANOVA revealed uneven variation in density
values across seasons (Fig. 5). Starting from summer (2010),
a significant (P < 0.05) increase in the number of seedlings
was observed with the onset of rainy season (2010). After-
ward, the seedling density gradually decreased in winter
(2010) and summer (2011), and increased significantly in the
next rainy season (2011). In 2010, average seedling density
was about 315 indiv ha™" in summer and reached 519 indiv
ha™' in rainy season. In winter 2010, gradual decrease in
seedling density (410 indiv ha™') was recorded. Similar
trends were observed in 2011. A linear regression line
showed gradual but non-significant (P > 0.05) increase in
seedling density across years.
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Table 2 Quantitative ecological parameters in different forest communities

Community types

Species richness

Species density

Species diversity

Seedlings Saplings Trees Seedlings Saplings Trees Seedlings  Saplings Trees
Cedrus deodara 4 6 4 470 £ 6.5 404 + 18.0 612 7.0 096 +£0.1 0.86=+0.1 0.63 +0.2
Mixed Juglans regia— 6 6 7 850 £+ 0.0 70 £ 0.0 750 £ 0.0 132+£00 0.76 £0.0 1.61 £0.0
Prunus cornuta
Mixed Acer caesium— 7 4 5 490 £+ 0.0 790 £ 0.0 960 £ 0.0 035£0.0 0.76 £0.0 0.96 + 0.0
Prunus cornuta
Pinus wallichiana 16 11 18 644 + 593 346 £ 61.0 630 £39.0 1.79£04 1.16 £0.1 122+0.2
Abies spectabilis 11 9 890 £+ 189.0 406 £ 80.0 599 +46.0 058 £0.1 136+03 152+04
Mixed Taxus 8 5 4 966 £ 0.00 789 £ 0.0 1211 £ 0.0 1.104+£0.0 0.82 £ 0.0 1.04 +0.0
wallichiana—Abies
pindrow
Abies pindrow 8 9 1665 £+ 286.0 951 £ 148.0 818 £79.0 1.15+03 124+02 142+£0.2
Betula utilis 9 10 658 £ 74.0 435 +42.0 856 £24.0 132+02 0.86+0.1 121 =+0.1
rTeagl;:leeitilzrfnsstlattyusrﬁ tree Site/communities No. of individuals ha™"
species in LTP site in NDBR Seedling Sapling Tree Status
Abies pindrow 832.0 508.0 820.8 Fair
Abies spectabilis 385.0 189.0 345.8 Fair
Acer acuminatum 310.0 120.0 170.8 Fair
Acer caesium 284.0 73.0 192.2 Fair
Betula utilis 1101.0 680.0 988.6 Fair
Cedrus deodara 315.0 306.0 530.4 Poor
Cornus macrophylla 10.0 1.0 98.0 Poor
Corylus jacquemontii 12.0 1.0 1.2 Fair
Cupressus torulosa 50.0 61.0 50.6 Poor
Euonymus fimbriatus 541.0 332.0 140.2 Good
Euonymus pendulus 24.0 21.0 3.0 Good
Juglans regia 220.0 - 159.0 Fair
Malus baccata - - 1.7 No
Picea smithiana 6.0 - 3.8 Poor
Pinus wallichiana 658.0 332.0 636.0 Fair
Populus ciliate 12.0 2.0 30.0 Poor
Prunus cornuta 302.0 523.0 1049.6 Poor
Prunus persica - - 16.0 No
Pyrus pashia 26.0 - 3.0 Fair
Rhododendron arboreum 226.0 66.0 179.0 Fair
Salix daphnoides 93.0 - 27.0 Fair
Salix disperma 90.0 - 9.5 Fair
Taxus baccata subsp. wallichiana 1136.0 981.0 979.8 Good

Discussion

Compositional diversity

LTP site with over 248 plant species was low in species
richness and less representative than other sites in NDBR

(Rawat 2013). This can be attributed to the existence and
dominance of coniferous forest communities (Singh and
Singh 1992). In general, LTP site has 63 % coverage of
conifer-dominated forests and the remaining 37 % includes
broadleaf forests. These observations are comparable to
those of previous studies (Joshi 2002; Joshi and Samant
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2004). The explanations for this are lies in the fact that LTP
site has more xeric (dry) climatic conditions. Further, the
steep slopes at LTP site do not allow water retention in the
soil, thereby giving rise to dry conditions that are more
suitable for growth of coniferous communities (Joshi
2002). In general, coniferous communities are broadly
reported to be species poor as compared to broadleaf
communities (Singh and Singh 1992).

Mean tree density (599-1211 indiv ha™') was compa-
rable to values (320-1670 indiv ha ") reported in earlier
studies pertaining to low and high altitude forests of the
west Himalaya (Bankoti et al. 1992; Joshi 2002; Joshi and
Samant 2004; Gairola et al. 2008; Garkoti 2008). Tree
densities corresponded closely with values recorded from
same region one decade earlier (Joshi 2002). Mean
seedling density (470-1665 indiv ha~') was also compa-
rable to that reported for earlier studies (Bankoti et al.
1992; Joshi 2002; Joshi and Samant 2004). The range of
mean sapling density (40-951 indiv ha™") falls within the
lower range (40-6667 indiv ha™!) reported earlier
(Bankoti et al. 1992; Joshi 2002; Joshi and Samant 2004;
Gairola et al. 2008).

Current state of tree species richness (4—18 species) falls
within the lower range reported earlier (24-42 species)
from high elevation forests of the region. However,
diversity values (0.63—1.61) are within the reported range
(0.45-3.29) from the region (Bankoti et al. 1992; Adhikari
et al. 1991; Joshi 2002; Gairola 2005; Gairola et al. 2008).
The trends of species richness and diversity indicate forests
at mid to higher elevations are more diverse than the lower
altitude forests in the west Himalaya.

Current demographic profiles

The size class distribution gives a demographic profile of a
stand which can indicate future prospects for target
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communities (Gairola 2005). In general, the forest com-
munities showed greater accumulation of individual in
seedlings and a significant decline towards sapling and tree
size classes. This structure revealed that the conversion
from seedling to sapling was not proportional due to
greater seedling mortality during severe winters. Similar
conclusions have been drawn by other workers (Khum-
bongmayum et al. 2006). Further, large scale extraction of
biomass, particularly of selected species, has also been
reported to cause structural changes in plant communities
in the region and elsewhere (Spurr and Barnes 1980; Singh
et al. 1996, 1997; Cairns and Moen 2004; Shrestha et al.
2007). Such disturbances exert profound effects on forest
development by altering stand structure and release grow-
ing space, making the latter available for other species to
occupy (Oliver and Larson 1990; Mishra et al. 2003, 2004;
Gairola et al. 2008).

The lower density of the higher girth classes of trees in
the region, as compared to intermediate or lower girth
classes, can be attributed to the relatively high mortality of
large canopy trees (Goff and West 1975; Lorimer et al.
2001). However, the lower density of the intermediate
diameter class (31-60 cm) as compared to lower and
higher girth classes can be explained as the result of
selective felling of this girth class. Moreover, it can be
interpreted as a result of low tree mortality and lower
removal rates across the lower and higher girth classes
(Saxena et al. 1984; West et al. 1981).

Seasonal regeneration pattern

Greater numbers of seedlings can be attributed to high
seedling formation by dominant species (i.e., B. utilis,
Taxus baccata subsp. wallichiana). The long-term survival
of these seedlings was later confirmed by 2 years of sea-
sonal investigation on seedling survival. If the trend toward
high survival rates continues, the forest communities will
have increased dominance of these species in future.
Germination of freshly dispersed seeds was high for most
of the species during the rainy season. Lieberman and Li
(1992) and Swaine et al. (1990) observed similar patterns in
tropical dry forest at Pinkwae, Ghana. Adverse effects of soil
moisture stress and unfavorable temperatures are typically
responsible for reduction of seedling population during
winter (Perira and Kozlowski 1977; Schulte and Marshall
1983; Khumbongmayum et al. 2006). The gradual decrease
in recruitments in summer can be attributed to the anthro-
pogenic pressure of lopping and grazing. Evolutionary his-
tory of grazing and environmental moisture or primary
productivity interacts in determining species adaptations for
tolerance or avoidance of herbivores and in community
responses to grazing (Milchunas and Lauenroth 1993).
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Expected changes in forests vis- a-vis
representativeness

Following patterns across recruitment layers are noticeable
for different communities:

Sapling layer Communities having high representation of
dominant species: C. deodara, P. wallichiana, A.
spectabilis, Mixed Taxus wallichiana-A. pindrow, B.
utilis communities. Communities having high represen-
tation of co-dominant species: Mixed J. regia—P.
cornurta, A. caesium—P. cornuta, A. pindrow
communities.

Seedling layer Communities having high seedling
representation of dominant species: C. deodara, Mixed
J. regia—P. cornurta, P. wallichiana, A. spectabilis,
Mixed Taxus wallichiana—A. pindrow, B. utilis com-
munities. Communities having sufficient representation
of both dominant and co-dominant species, and
accompanied by high representation of other species
as well: A. caesium—P. cornuta, and A. pindrow
communities.

Therefore, based on above trends of seedlings and
saplings various combinations and trends of communities
can be suggested. For example, (i) the communities with
greater representation of dominant species in both seed-
ling and sapling stage would suggest further strengthening
of dominant species; (ii) the communities with greater
representation of both dominant and co-dominant in
sapling and seedling layers would indicate the composi-
tion remains unchanged in future; (iii) the communities
having greater proportion of seedling and saplings of co-
dominant would indicate possible dominance of such
species in future; (iv) the communities having greater
representation of seedlings and saplings of the species
other than the dominants and the co-dominants would
indicate likely future changes in composition of target
communities.

The demographic profiles of some of the dominant and
some relatively less prominent tree species require atten-
tion. For example, in the case of three dominant species, B.
utilis, P. wallichiana and Taxus baccata subsp. wallichiana
in spite of their greater seedling numbers both were less
prominently represented in sapling and tree layers. Certain
relatively less prominent species like Malus baccata and
Prunus persica, however, were represented only in tree
layer suggesting that these species did not regenerate in the
recent past and at present. Therefore, long-term persistence
of such species is in question. Besides, Juglans regia,
Picea smithiana, Pyrus pashia, Salix daphnoides and S.
disperma were represented only in tree and seedling classes
and require further monitoring.

Conclusions

The targeted sites in the study reflect richness and repre-
sentativeness values of the reserve. The data sets available,
and generated through this study, provide enough bases for
establishing the LTP site in NDBR as potential sites for
long-term ecological monitoring under various change
scenarios. LTP site supported lower diversity of plant
communities and species as compared to other sites in the
reserve. Seasonal recruitment pattern showed successful
establishment of seedlings that is indicative of possible
changes in composition of communities in this site.
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