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ABSTRACT

Tropical forests are critical ecosystems that support global biodiversity, regulate the climate, and sustain millions
of'livelihoods. However, escalating anthropogenic pressure poses significant threats to their structure, composition,
and regenerative capacity. This study evaluated the impacts of human-induced disturbances by the Van Gujjar
pastoral community on forest composition and regeneration in the Tanda Forest of the Tarai region, Uttarakhand,
India. Three sites, each representing a distinct disturbance regime - Highly Disturbed (HD), Moderately Disturbed
(MD), and Least Disturbed (LD) - were examined to assess variations in vegetation structure and regeneration
patterns. A total of 39 plant species from 19 families and 37 genera were documented, with Fabaceae, Malvaceae,
and Euphorbiaceae identified as the most dominant families. Species richness and tree density decreased along
the disturbance gradient, with the highest values observed at the LD site (29 species, 920 ind/ha) and the lowest
at the HD site (23 species, 420 individuals/ha). Tectona grandis was dominant across all regimes, whereas
several native species, including Acacia catechu, Dalbergia sissoo, and Butea monosperma, were absent at the
HD site. The regeneration potential also varied significantly, with seedling density being highest at the LD site
(1060 ind/ha) and lowest at the HD site (320 ind/ha), indicating the adverse effects of fuelwood extraction,
grazing, and lopping near settlements. Furthermore, invasive species, such as Lantana camara and Parthenium
hysterophorus, proliferated in highly disturbed areas, further inhibiting native regeneration. These findings
underscore the urgent need for integrated conservation strategies that encompass habitat restoration, sustainable
resource management, and community-based livelihood alternatives to preserve forest biodiversity and ecological

resilience in Tarai.

Key words: Anthropogenic disturbance, forest regeneration, Van Gujjars, Tarai region

INTRODUCTION

Tropical forests comprise a significant portion of
global biodiversity, with 7% of the earth’s surface
housing nearly half of the world’s species (Gallery
2014). They are massive carbon sinks with high
biomass and productivity playing essential roles in
the global carbon cycle (Sullivan et al. 2017, Wright
2010). Tropical forests provide crucial ecosystem
services, including wildlife conservation, erosion
protection, and habitat preservation (Sharma et al.
2023). However, the growing human population has
removed more than 11 million km? (between 35 and
50%) of tropical forest canopies worldwide (Wright
and Muller 2006). Forests support human sustenance
and economic development by providing timber,
fuelwood, fodder, and non-timber forest products

(Srivathsa et al. 2023). In developing countries,
approximately 20% of rural households (820 million
rural people in tropical regions) rely on forest
resources for income and livelihood, thereby
contributing to food security and nutrition (Vedeld
etal. 2007, Dlamini 2020, Anonymous 2020, Chhetri
et al. 2022). Forests contribute to economic growth
and employment, particularly in regions with well-
managed forestry sectors (Wunder et al. 2014). In
traditional pastoral communities, forests serve as a
critical source of fodder for livestock (Ollerer et al.
2019). Fuelwood remains a primary energy source
for forest-dependent communities where alternatives
are limited (Eshetu 2024). However, this dependence
on forest resources often leads to degradation, which
threatens biodiversity and ecosystem stability (Bajpai
et al. 2018).
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In India, the Terai lowland landscape, spanning
northern India and southern Nepal, is rich in
biodiversity and fertile soil, serving as a transition
between the mountain ecosystems and the plains
(Palni and Rawat 2010, Sharma et al. 2023). Known
for its high water table, streams, and wetlands, the
terai region supports a diverse flora and fauna,
including Shorea robusta, Tectona grandis, Mallotus
philippensis, and Trewia nudiflora (Shukla 2009,
Thorn et al. 2020). Agricultural expansion,
urbanization, and infrastructure development have
degraded forest structures, species richness, and
regeneration (Osuri et al. 2017, Bajpai et al. 2018).
Overharvesting, lopping for fodder, and grazing have
led to forest fragmentation, the spread of invasive
species, and biodiversity loss (Banerjee et al. 2023,
Tenzin and Hasenauer 2016, Raghubanshi and
Tripathi 2009). Protected areas face encroachment,
disruption of regeneration, and reduced seedling
establishment due to soil compaction from grazing
(Neelakantan et al. 2019, Barlow et al. 2016).
Resource exploitation alters species composition,
favouring the invasion of native species (Negi et al.
2013). Addressing these threats requires restoration
and conservation strategies that emphasize species
diversity, community composition, and regeneration
under varying disturbance regimes (Wright 2010,
Seidl et al. 2014). Terai forests are ecologically
significant and crucial for the livelihoods of local
communities (Bhatta et al. 2013). Van Gujjars are a
nomadic pastoral community known for rearing
buffaloes in forests. They practice transhumance,
migrating between Shivalik forests and Himalayan
pastures while relying on customary grazing rights
(Amir and Meulder 2023). Forest legislation,
including the Indian Forest Acts 1927 and the
Wildlife Protection Act of 1972, restricted their
access to forest resources and challenged traditional
practices (Sharma et al. 2012). They rely on forest
resources such as fuelwood, fodder, and timber for
their livelihood (Sharma et al. 2012). They inhabit
traditional huts called Deras and Khatta in forests
(Amir and Meulder 2023).

The present study sought to evaluate the
anthropogenic impact of Van Gujjars on tree
regeneration under varying disturbance regimes in
the Tanda forest of the Terai region. This evaluation
was conducted by analyzing the changes in forest

structure, species composition, and distribution of
regenerating individuals in response to human
pressure.

MATERIAL AND METHODS

Study area

The present study was conducted in the Tanda forest,
located in the Terai region of Uttarakhand, India (Fig.
1). The Tanda range lies between 27°09' N and 28°59'
N latitude and 79°21' E and 79°34' E longitude, at
an elevation of 309 m asl. The Tanda forest is a mixed
deciduous forest featuring Tectona grandis L.f.,
Shorea robusta C.F. Gaertn, Mallotus philippensis
(Lam.) Miill.Arg., and Trewia nudiflora L., with
understory of Lantana camara L., Murraya koenigii
(L.) Spreng., and Parthenium hysterophorus (Bargali
2024). The climate is monsoonal, characterized by
distinct seasons: summer, monsoon, and winter.
Maximum temperatures varies from 16.7 = 2.26°C
in January to 37.9 &+ 1.04°C in May, and the minimum
temperatures between 8.2 £ 1.20°C in January and
23.4 £ 0.98°C in July. Annual rainfall averages
1407.9 £ 185.24 mm, mostly during monsoon months
(Goel and Singh 2025). The soils range from
brownish-grey to grayish-brown, with a silty clay
loam to sandy loam texture, on flat to gently
undulating terrain with fertile alluvial plains (Bajpai
et al. 2018).

Site selection

Three sites were selected in proximity to Van Gujjar
settlements within the Tanda forest range, based on
criteria such as population density and permanence
of settlements. Each site were classified into three
disturbance regimes: (i) Highly Disturbed (1.76 ha),
characterized by significant human activity (e.g.,
lopping, grazing, litter removal, intentional fire) and
an open canopy (mean tree canopy cove >40%); (ii)
Moderately Disturbed (1.8 ha), with moderate human
activity and canopy cover (mean tree canopy cover
40-60%); and (iii) Least Disturbed (1.91 ha), with
minimal human intervention and a closed canopy
(mean tree canopy cover <60%), as per the methods
of Kumar and Ram (2005) and Gogoi and Sahoo
(2018). Cut pole density was estimated by counting
all visibly cut young and mature tree stems (<10 cm
DBH) within each quadrat. Field indicators such as
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Figure 1. Location of the study area in Tanda Forest Range with the selected disturbance sites

uneven cut marks, scattered distribution, and
proximity to settlements were used to identify poles
removed through irregular harvesting.

Vegetation sampling

Three sample plots were established for each
disturbance regime, and vegetation analysis was
conducted using the quadrat method. Within each
plot, five subplots measuring 10 x 10 m were
randomly laid out for trees and saplings, 10 subplots
of 5 x 5 m for shrubs, and 10 subplots of 1 x 1 m for
herbs and seedlings, following the methods of
Cottam and Curtis (1956) and Phillips (1959). Tree
diameter was recorded at breast height (1.37 m), and
individuals with a diameter at breast height (DBH)
of less than 10 cm were classified as regenerative
individuals. Based on diameter measurements, tree
species were categorized into three groups: (a)
seedlings (DBH < 10 cm), (b) saplings (DBH 11-30
cm), and (c) trees (DBH >30 c¢m) following Saxena
and Singh (1982). Regeneration status and
population structure of the tree species were
determined following Saxena and Singh (1984).
Vegetation parameters such as frequency, density, and
importance value index for trees were calculated
following Singh et al. (2014). For shrubs and herbs,
the Provenance value (PV) index was calculated by

summing up the value of relative density (RD) and
relative frequency (RF) following Karki et al. (2017)
and Fartyal et al. (2022).

Provenance value (PV) =RD + RF
RESULTS

Disturbance indicator and categorization

The analysis of disturbance indicators across highly
disturbed (HD), moderately disturbed (MD), and
least disturbed (LD) sites revealed significant
variations in canopy cover, stem density, and human-
induced pressures (Table 1). Canopy cover decreased
from 68.15% in LD to 33.73% in HD, and stem
density (>30 cm CBH) declined from 920 ind/ha in
LD to 420 ind/ha in HD. The highest density of cut
poles (73.33 stems/ha) and lopped trees (106.67
stems/ha) was in HD. Grazing pressure, indicated
by dung pile density, was highest in HD (166.45
piles/ha), while fire scars were 20 patches/ha in HD,
6.67 patches/ha in MD, and absent in LD.

Floristic composition

A total of 39 species (18 trees, 9 shrubs, and 12 herbs)
belonging to 19 families and 37 genera were
identified across the three sites. Fabaceae,
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Table 1. Details of disturbances indicators across three disturbance regimes

Disturbance indicators Highly Disturbed  Moderately Disturbed Least Disturbed
Canopy cover (%) 30-40 41-60 >61

Total stem density (ha') 420 780 920

Cut poles density (ha) 73.33 46.67 13.33

Lopped trees (ha) 106.67 80 26.67

Dung piles (ha) 166.45 80 33.33

Fire patches (ha') 20 6.67 -

Malvaceae, and Euphorbiaceae were the dominant
families in these forests. Individuals belonging to
Fabaceae were prominent among the trees, with
species such as Acacia catechu, Butea monosperma,
and Dalbergia sissoo. The Malvaceae family had four
species: Bombax ceiba, a tree species, and Sida
cordata, Sida acuta, and Malvastrum
coromandelianum, all of which are herbaceous
species. Moraceae and Apocynaceae were co-
dominant families in all sites.

Vegetation attributes along the disturbance
regimes

At all three sites, the highest number of species was
represented by trees (/8), followed by herbs (12),
and shrubs (9). Of the 39 species, 29 species were
found in the LD site, whereas 25 and 23 species were

Tree layer

A total of 18 tree species were distributed across all
disturbance regimes, highest in LD (/7), followed
by MD (9) and HD (7) sites (Table 2). Tectona
grandis was the dominant at the HD site (IVI 116.91),
with Trewia nudiflora (IV1 35.86) and Broussonetia
papyrifera (IVI 51.84) as co-dominants. 7. grandis
had the IVI values of 109.29 and 140.12 in MD and
LD sites, respectively. Eucalyptus globulus and
Populus deltoides were co-dominant at the MD site
(IVI 43.39, 37.81, respectively), while P. deltoides
was co-dominant at the LD site (IVI 34.99). T.
grandis, E. globulus, and P. deltoides contributed
significantly to MD and LD sites. Acacia catechu,
Alstonia scholaris, Butea monosperma, Cordia
dichotoma, Dalbergia sissoo, Ficus racemosa, and
Ficus religiosa were absent in highly disturbed sites.
Shrub layer

A total of 12 species were observed in the shrub layer

in all three sites, highest in HD (9) sites, followed
by MD (7) and LD (6) sites. In the HD site, L. camara
holds the maximum provenance value of 53.47,
followed by P. hysterophorus (29.29) and M. koenigii
(25.13). Across all sites, the provenance value of L.
camara decreased with the disturbance intensity from
high to low. However, L. camara and Cannabis sativa
hold the highest PV values (57.47 and 48.21,
respectively) at the MD site. The highest PV value
was observed for M. koenigii (88.73), indicating
dominance in the least disturbed site. Calotropis
procera was the only species with a PV value of 7.64
recorded in the highly disturbed site (Table 3).
Herb layer

A total of 12 species were identified in the herb layer
across the forest disturbance sites (Table 4), highest
in LD site (12), followed by the MD (8) and the HD
sites (7). M. coromandelianum had the maximum PV
(45.83), followed by Solanum nigrum (36.22) and
S. acuta (39.74). On the MD site, M.
coromandelianum and Oxalis corniculata have the
highest PV 0f47.32 and 43.75, respectively. Mentha
arvensis, Phyllanthus niruri, Acalypha indica and
Amaranthus spinosus herb species were completely
absent in the HD and MD sites (Table 4).

Population structure

The seedling density was highest at the LD site (1,060
ind/ha), followed by the MD site (480 ind/ha) and
the HD site (320 ind/ha). Tree density was highest
in the 61-90 cm girth class for the LD site (280 ind/
ha). Similarly, for the 31-60 cm girth class, maximum
tree density was 200 ind/ha for the LD site and lowest
for the HD site (80 ind/ha). While trees were
completely absent in the higher girth class (>121 cm)
for the HD site. Tree density was predominantly
observed in the intermediate girth class, with only a
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Table 2. Distribution of tree species based on IVI across various disturbance regimes

Species name Family HD MD LD
Acacia catechu Fabaceae - - 25.28
Alstonia scholaris Apocynaceae - 13.76 -
Bombax ceiba Malvaceae 25.15 - 10.83
Broussonetia papyrifera Moraceae 51.84 - 8.58
Butea monosperma Fabaceae - 14.30 -
Cordia dichotoma Boraginaceae - 15.73 -
Dalbergia sissoo Fabaceae - - 12.11
Eucalyptus globulus Myrtaceae - 43.39 31.00
Ficus racemose Moraceae - 11.42 -
Ficus religiosa Moraceae - - 9.42
Holoptelea integrifolia Ulmaceae 23.07 - -
Mallotus philippensis Euphorbiaceae - - 18.60
Phyllanthus emblica Phyllanthaceae 24.30 - -
Populus deltoides Salicaceae 22.86 37.81 34.99
Salvadora persica Salvadoraceae - 10.87 -
Syzygium cumini Myrtaceae - 12.62 20.40
Tectona grandis Verbenaceae 116.91 140.12 109.29
Trewia nudiflora Euphorbiaceae 35.86 - 19.51
Total 299.99 299.72 299.91

Note: HD- Highly disturbed, MD- Moderately disturbed, LD-Least disturbed

Table 3. Species compositions and provenance value of shrubs species along the disturbance regimes

Species name Family HD MD LD
Lantana camara Verbenaceae 53.95 57.47 38.24
Carissa spinarum Apocynaceae 21.75 13.70 -
Nerium indicum Apocynaceae 7.64 - 12.25
Murraya koenigii Rutaceae 25.13 29.96 88.73
Calotropis procera Apocynaceae 7.64 - -
Solanum xanthocarpum Solanaceae 15.27 13.70 20.34
Parthenium hysterophorus Asteraceae 29.29 9.56 14.22
Cannabis sativa Cannabaceae 17.49 48.21 26.23
Ricinus communis Euphorbiaceae 21.84 27.40 -
Total 199.98 200 200

Note: HD- Highly disturbed, MD- Moderately disturbed, LD-Least disturbed

few individuals in the >151 cm girth class across the

entire disturbance gradient (Fig. 2).

Regeneration of tree species

The regeneration of tree species varied across the
disturbance regimes (Table 5). The total number of
species in all life forms (Tree, Sapling, Seedling) was

12 in both LD and MD sites, whereas it decreased to
7 in the HD site. At the LD site, seedling density
was highest (1060 ind/ha), followed by the MD site
(740 ind/ha), and the HD site (320 ind/ha). Similarly,
sapling density was also highest in the LD site (240
ind/ha) and lowest in the HD site (160 ind/ha). At
the LD site, 7 nudiflora has the highest seedling
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Table 4. Species compositions and provenance value of herb species along the disturbance regimes

Species name Family HD MD LD
Amaranthus polygamus Amaranthaceae 16.03 22.38 8.54
Cassia tora Fabaceae 16.03 10.18 28.41
Sida cordata Malvaceae 32.05 15.77 13.86
Solanum nigrum Solanaceae 36.22 18.34 8.54
Malvastrum coromandelianum Malvaceae 45.83 47.32 31.42
Sida acuta Malvaceae 39.74 16.32 26.79
Xanthium strumarium Asteraceae 14.10 25.95 8.54
Oxalis corniculata Oxalidaceae - 43.75 19.86
Mentha arvensis Lamiaceae - - 15.47
Phyllanthus niruri Phyllanthaceae - - 6.00
Acalypha indica Euphorbiaceae - - 20.55
Amaranthus spinosus Amaranthaceae - - 12.01
Total 200 200 200
Note: HD- Highly disturbed, MD- Moderately disturbed, LD-Least disturbed
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Figure 2. Population structure of trees across different girth classes

density (280 ind/ha), followed by 7. grandis (180
ind/ha) and S. cumini (160 ind/ha), which showed
good to fair regeneration. B. ceiba, F. racemosa, and
D. sissoo had no seedlings in the LD site, indicating
no regeneration in this area. At the MD site, S. cumini
and 7’ nudiflora had relatively high seedling densities
(180 ind/ha and 160 ind/ha, respectively), indicating

good regeneration. However, no adults were present
for B. papyrifera, B. ceiba, and H. integrifolia, as
they exhibited new regeneration, indicating the
initiation of seedling recruitment in response to
canopy gaps created by disturbance. B. monosperma
and A. scholaris seedlings were completely absent
in the MD site, with few saplings and trees in the
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Table 5. Regeneration status (density/ha) of tree species in the disturbance regimes

LD MD HD
Species name SD SP TR RS SD SP TR RS SD SP TR RS
Acacia catechu - - 40 No - - - - - - - -
Alstonia scholaris - 20 - New - 20 20 Poor - - - -
Bombax ceiba - - 20 No 40 - - New 80 - 20 Fair
Broussonetia papyrifera 120 - 40  Fair 80 20 - Fair 160 20 40 Fair
Butea monosperma - - - - - 20 20 Poor - - - -
Cordia dichotoma - - - - - - 40 No - - - -
Dalbergia sissoo - - 20 No - - - - - - - -
Eucalyptus globulus 120 20 60 Fair 100 20 80 Fair - - - -
Ficus racemosa - - 40 No - - - - - - - -
Holoptelea integrifolia - - - - 40 - - New - 20 20 Poor
Mallotus philippensis 140 60 60 Good - - - - - - - -
Phyllanthus emblica - - - - - - - - - 40 20 Poor
Populus deltoides 60 20 80 Fair 60 20 60 Fair - - 20 No
Salvadora persica - - - - - - 20  No - - - -
Syzygium cumini 160 - 40  Fair 180 40 20 Good - - - -
Tectona grandis 180 60 240 Fair 80 60 280 Fair 80 60 100 Fair
Trewia nudiflora 280 60 40 Good 160 20 20 Good - 20 40 Poor
Total 1060 240 680 740 220 560 320 160 260

Note- HD- Highly disturbed, MD- Moderately disturbed, LD-Least disturbed, SD- Seedlings, SP- Saplings,

TR- Trees, RS- Regeneration Status

HD site, indicating poor regeneration. At the HD site,
the highest seedling density was observed for B.
papyrifera (160 ind/ha) and B. ceiba (80 ind/ha),
which exhibited reasonable and fair regeneration,
respectively. In contrast, the seedlings of H.
integrifolia, P. emblica, and T. nudiflora species were
absent in the HD site, with very few saplings and
trees indicating poor regeneration in the HD site.
Species such as P. deltoides exhibited no regeneration
at the HD site, highlighting the significant impact of
high disturbance levels on recruitment and forest
structure. In terms of percentage, At the LD site,
63.7% of species showed good to fair regeneration,
indicating favorable recruitment conditions. The MD
site had 50% of species with good to fair
regeneration, reflecting moderate disturbance
impacts. In contrast, the HD site showed 75% of
species with poor to fair regeneration and no new
recruitment, highlighting severe disturbance effects
on forest regeneration.

DISCUSSION

Forest canopy cover supports biodiversity by
providing habitats and enhancing ecosystem stability
(Ishii et al. 2004). It serves as a disturbance indicator,
with studies assessing forest disturbance levels based
on canopy cover (Kumar and Ram 2005). In the
present study, due to intensive lopping of branches
and felling of trees for household purposes and
construction by the Van Gujjars, the canopy cover
has declined to less than 40% in the HD site. An
earlier study by Prabhakar et al. (2006) also reported
similar canopy cover loss (<40%) due to various
development activities in 78% of the forest area in
Uttarakhand, which includes degraded scrublands.

The effect of disturbances is also reflected in the
species family distribution pattern of the selected
three forest sites. The familial dominance of trees,
shrubs, and herbs declined across the site along the
disturbance gradient. In this study, a total of 12
families were recorded in the tree layer across all
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three sites. Malvaceae, Moraceae and Fabaceae were
the most species-rich families in the tree layer in the
LD site. Similar dominance of these families has been
reported in previous studies by Panda et al. (2013),
Sahoo et al. (2017), and Sosef et al. (2017). In
contrast, the absence of the Fabaceae family in the
HD site highlights its significant utilization by the
Van Gujjar community, reflecting its high socio-
economic or ecological importance in these areas.
Vegetation parameters, including species richness
and density, are significantly impacted by
disturbances, which alter community composition
and disrupt ecological processes across disturbance
regimes (Fraterrigo and Rusak 2008). In the present
study, the tree richness (18) of the forest was
compared to other studies in the broader Tarai region.
According to Poudyal et al. (2019), in the Tarai
landscape, the tree species richness of 24 is
documented, indicating more robust forest
ecosystems, which is comparatively higher than the
tree species richness observed in our study (18),
which could be possible due to habitat disturbance,
deforestation, and various anthropogenic pressures.
Tree species richness in the present study decreased
with increasing disturbance intensity (Table 2). The
higher tree species richness in the LD site (12) was
possible due to the inaccessibility of the forest and
protection by the forest department from fuelwood
collection, as well as the restriction of grazing
animals by the Van Gujjars, which ultimately resulted
in less human interference in the LD site. Conversely,
the HD site, situated near Van Gujjar settlements,
experienced significant grazing of livestock and
extraction of fuelwood and fodder, leading to poor
tree richness (7). Based on the intermediate
disturbance hypothesis with no or little disturbance,
only the competitive dominants can survive, while
at sufficient high level of disturbance only fugitive
species can survive, therefore the diversity is
maximum at the intermediate level of disturbance
(Petraitis et al. 1989), which is applicable in the
present study having higher tree richness in LD (12)
and MD (9) sites in comparison to the HD sites (7).
The mild or least disturbance provides greater
opportunity for species turnover, colonisation and
persistence of high species richness (Petraitis et al.
1989).

The ratio of various age groups in the population
determines the reproductive status of the population
and indicates its future course (Odum 1971). The
results of population structure in all sites suggest that
the impact of human disturbance was significantly
high on seedlings, saplings, and the density of trees
in higher girth classes (Fig. 4). Singh and Singh
(1992) suggested that a decline in individuals in
higher size classes indicates poor regeneration and
an increased risk of extinction. Similarly, this study
found that tree density decreased with increasing
girth, highlighting the species’ vulnerability to
environmental changes. These anthropogenic
disturbances also altered the species composition in
this area, favouring invasive species such as L.
camara, P. hysterophorus, and C. sativa at the HD
site.

The gradual decrease in density and basal area of
trees along the disturbance gradient is attributed to
the differences in the intensity of anthropogenic
activities at the study sites. A similar trend of lower
tree densities with increasing disturbance was also
observed by Gogoi et al. (2017) and Rawal et al.
(2012). Forest regeneration is a natural mechanism
for restoring vegetative health and retaining lost
biodiversity (Sagar and Singh 2004, Saxena and
Singh 1984). In the present study, the number of
trees, saplings and seedlings per unit area was used
to assess the regeneration status and potential of
forest species. A study conducted in the Kumaun
Himalaya, Uttarakhand, by Chauhan et al. (2018)
observed that regeneration status varied significantly
across different sites, with lower disturbance levels
having higher seedling densities, which was similar
to our findings. This decline in seedling density at
the HD site could be attributed to the intensive
grazing of livestock by the Van-Gujjars near their
settlements. Tree species such as P. deltoides, T.
nudiflora, H. integrifolia, and P. emblica showed no
to poor regeneration, while only B. papyrifera
exhibited good regeneration in the HD site. Earlier
studies have also observed that this species can thrive
in areas affected by disturbances, such as fire and
clear-cutting. The recruitment of B. papyrifera is
positively related to its pre-disturbance (Ilisson and
Chen 2009), which also adversely affected the
regeneration of the native species (Kannan et al.
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2014). T. nudiflora species was predominantly used
as fodder and exhibited poor regeneration in the
highly disturbed (HD) site, which could be possible
due to over-exploitation of this species through the
Van-Guyjjars for their livestock.

CONCLUSIONS

The Tanda Forest, located within the Tarai region of
Uttarakhand, is subject to considerable
anthropogenic pressures, including agricultural
expansion, grazing, and fuelwood collection. These
activities have led to habitat degradation, biodiversity
loss, and disruption of regeneration processes. This
study examined the impact of such disturbances,
particularly in proximity to Van Gujjar settlements,
where forest resource utilization, such as lopping,
tree felling, and grazing, has resulted in reduced
canopy cover, decreased tree density, and diminished
species richness. In areas experiencing high levels
of disturbance, there is a proliferation of invasive
species (L. camara, P. hysterophorus, C. sativa). In
contrast, key native species (4. catechu, B.
monosperma, C. dichotoma, D. sissoo, M.
phillippensis, S. cumini, F. racemosa) are absent,
indicating unsustainable utilization practices.
Furthermore, the poor regeneration of palatable
species (1. nudiflora, H. integrifolia, and P. emblica)
suggests potential local extinctions, posing a threat
to ecological balance. Addressing these challenges
necessitates an integrated approach that balances
conservation with sustainable livelihoods for Van
Gujjars. Alternative income sources, such as
agroforestry, ecotourism, and value-added dairy
production, can enhance economic resilience while
reducing dependence on forest resources.
Afforestation initiatives, strategic tree planting near
settlements, and sustainable resource management
practices can further mitigate the ecological impacts.
Capacity-building programs, vocational training, and
participatory governance will empower the
community to become an active environmental
steward. A holistic strategy that integrates
socioeconomic development with conservation
efforts is essential for preserving both the well-being
of Van Gujjars and the long-term sustainability of
Tarai forests.
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