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Abstract 

After conducting a comprehensive analysis of numerous studies, it is evident that significant changes have occurred in the 

floral patterns, soil quality, soil erosion rate, and ecology of the anthropogenic activity zones in the Himalayas. While the 

anthropogenic activities disturbed areas showed higher plant diversity, they were predominantly dominated by shrubs and 

herbs, including invasive alien species or non-native plants associated with food grains. Consequently, the regeneration of 

plants in these disturbed zones was categorized as 'poor' or 'fair'. The analysis of Relative Dominance Index (RDI) also 

revealed that the dominant plant families in the anthropogenic activities disturbed zones were unique, indicating a strong 

influence of human activities on plant succession. However, the composition of trees remained the same in both disturbed and 

undisturbed anthropogenic activity zones. The maturity index and continuum index were relatively low in disturbed zones, 

indicating a slower rate of succession, while the similarity index highlighted the notable differences between the disturbed 

areas and undisturbed forests. The combined indices have revealed that the presence of invasive alien species has resulted in 

heightened competition among species and changes in species composition. This ultimately poses a threat to the long-term 

survival of numerous native species. These findings clearly demonstrate the impact of human activities, which occur on a 

monthly basis throughout the year. However, in the tourism area of the Himalayas, such significant disruptions have not been 

observed, mainly due to the distinct nature of the activities taking place. To mitigate and control the impact of human activities 

on the Himalayas, it is crucial to enforce strict regulations based on scientific research and an action plan. 
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Introduction 

Tropical forests cover an area of 13.76 million square 

kilometers worldwide, making up 60% of the Earth's forests 

(FAO, 2005). Despite occupying less than seven percent of 

the land surface, these forests are incredibly rich in 

biodiversity, housing over half of all plants and animals 

(Groombridge and Jerkins, 2000) [14]. They also play crucial 

roles in regional hydrology, carbon storage, and global 

climate regulation (Fearnside, 1997; Laurance, 1999) [11, 20]. 

It is no wonder that 18 out of the world's 34 biodiversity 

hotspots are found in tropical forests (Mittermeier et al., 

2004) [23]. 

The significance of these forests lies in their ecosystem 

services. They support high species richness and diversity 

(Jepson et al., 2001), contain substantial amounts of 

standing biomass, and play a major role in the global carbon 

cycle, both in terms of carbon flux and stored carbon 

volume (Bonan, 2008; Baishya et al., 2009) [5, 1]. Moreover, 

they contribute to 33% of the global net primary 

productivity (Sabine et al., 2004). Consequently, tropical 

forests have become the focus of extensive experimental 

and theoretical research in recent years (Malhi et al., 1999; 

Malhi and Grace, 2000) [22]. 

The rapid destruction of tropical forests is continuing 

worldwide at a concerning pace, surpassing an annual loss 

of 1-4% of their current area (Laurance, 1999) [20]. Each 

year, approximately 13 million hectares of forest are being 

cut down or destroyed (FAO, 2005). While the rate of 

destruction has not significantly changed in recent decades, 

the global biodiversity landscape is undergoing an 

unprecedented transformation (Pimm et al., 1995) [30]. The 

primary factors driving this change include forest 

destruction, climate change, pollution, unsustainable 

exploitation of natural resources, and the introduction of 

non-native species (Sala et al., 2000). 

Biological diversity plays a vital role in maintaining the 

resilience, equilibrium, and productivity of ecosystems. It is 

also crucial for the livelihoods of human communities, 

especially those living in and around forests (Thompson et 

al., 2009) [37]. In India, tropical forests cover approximately 

86% of the total forested land (moef, 2012) [24]. The country 

boasts 16 different types of forests, with the largest area 

occupied by tropical moist deciduous forests (37%), 

followed by tropical dry deciduous forests (29%), tropical 

wet evergreen forests (8%), subtropical pine forests (6.5%), 

tropical semi-evergreen forests (4.1%), mountain wet 

temperate forests (3.6%), tropical thorn forests (2.6%), sub-

tropical dry evergreen forests (2.5%), moist alpine scrub 

(2.1%), littoral and swamp forests (0.6%), subtropical 

broad-leaved forests (2.5%), Himalayan dry temperate 

forests (0.3%), tropical dry evergreen forests (0.2%), and 

small patches of subalpine and dry alpine scrub (Raju, 

1997). 

India reportedly possesses a range of 16,500-19,400 types of 

flowering plants, accounting for roughly 7% of the total 

known species worldwide. A significant number of insects, 

approximately 60,000, have been identified so far, with 

around 107 species being aquatic. The country has also 

documented 48 gymnosperms, 1,135 pteridophytes, 2,850 

bryophytes, 2,021 lichens, 6,500 algae, and 14,500 fungi. 

Notably, 30% of plant species recorded globally are 

exclusive to India (BSI, 2012). A recent study delves into 

the present condition of India's forests, encompassing 

forested areas, carbon stocks, and afforestation patterns 

within the country. It is projected that approximately 77% of 

India's forested regions will undergo changes in their forest 
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types due to various human-induced pressures and climate 

change (Chaturvedi et al., 2010) [7]. 

 

Statement of Research problem 

Numerous research papers have addressed the escalating 

ecological concerns surrounding biodiversity. The ongoing 

issue of water pollution has led to significant challenges in 

this area. Furthermore, extensive studies have examined the 

ecological effects of deforestation. Similarly, there is a 

wealth of documented research on the ecological and socio-

economic impacts of human activities (Figure 1). 

 

Results 

Since the early 20th century, researchers have been 

investigating the impact of different tree species on soil 

chemistry (Finzi et al., 2002; 2003) [12-13]. Several studies 

have compiled evidence regarding the effects of various tree 

species on soil properties (Binkley, 1995). Plants in their 

natural habitats often encounter variations in soil nutrient 

levels (James et al., 2003). In response, many plant species 

concentrate their roots in areas with higher nutrient 

availability (de Kroon et al., 2009) [8]. A common outcome 

of nutrient heterogeneity is an increase in plant 

performance, as indicated by the accumulation of dry mass. 

Moreover, the distribution of soil nutrients can also affect 

the interactions between plant species (Mommer et al., 

2011; van der Waal et al., 2011) [26, 39]. For instance, altering 

the degree of nutrient heterogeneity can lead to changes in 

the relative abundance of species grown together in 

mixtures (Waal et al., 2011) [39]. 

 

 
 

Fig 1: Sources of environmental degradation by anthropogenic actions 

 

Plants possess the ability to concentrate their roots in areas 

with high nutrient levels. This ability creates heterogeneity 

in soil, leading to increased competition among neighboring 

plants. The concentration of roots in a smaller soil area 

intensifies the competition. Soil nutrient heterogeneity plays 

a role in enhancing interspecific competition (Rajaniemi, 

2007) [32]. The competitive advantage of species is 

influenced by their capability to place their roots where 

nutrient levels are abundant. Heterogeneity only affects 

competition when there are differences among species in 

this ability (Bliss et al., 2002) [4]. Additionally, there are 

studies that explore the potential mechanisms by which 

different tree species impact soils (Binkley and Giardina, 

1998). Differences in the chemistry and quantity can also 

have an impact on the availability of nutrients in the soil 

(Moffet et al., 2004; Rhoades, 2007) [25, 33]. Various species 

may differ in their ability to extend fine roots into deeper 

soil, allowing them to access larger reserves of cations 

(Dijkstra and Smits, 2002) [9], or potentially increasing 

cation supplies through weathering (Binkley and Giardina, 

2008) [2]. One of the most common effects of tree species on 

soils is the strong negative correlation between the ratio of 

lignin to nitrogen in leaf litter and N mineralization (Binkley 

and Giardina, 2008; Ferrari, 2009; Thomas and Prescott, 

2010) [2, 36]. 

Geomorphology plays a crucial role in the current study. 

Studies have confirmed that soil erosion and sediment 

deposition are primarily influenced by geomorphology 

(Pelacani et al., 2008) [29]. In this analysis, two main 

geomorphic units have been identified: Denudational slope 

and denudational hill. Denudational hills are large hills with 

resistant rock formations that are shaped by differential 

erosional and weathering processes (denudation), while 

denudational slopes are areas that have undergone 

denudation (Yokoyama et al., 2002). Denudational slopes 

make up 538.54 km2 (58.22%) of the geographical area, 

while denudational hills cover an area of 127.12 km2 

(13.74%). It has been reported that regions where these two 

geomorphic units are found also experience high rates of 

soil erosion (Tomar and Singh, 2012) [38]. Another important 

geomorphic unit is valley fill, which refers to the 

unconsolidated sedimentary deposit that fills or partially 

fills a valley (Poesen et al., 2003) [31]. In this analysis, valley 

fill occupies an area of 186.34 km2 (20.15%). Valley fill 

found within small basins is a direct result of changes in 

runoff and erosion on nearby slopes, providing localized and 

long-term records of soil erosion (Knox, 2001) [19]. 

 

General Discussion 

The researchers conducted a comprehensive analysis of the 

effects of human-induced stress on biodiversity in the 

Himalayan region of India. They utilized phytosociological, 

pedological, and geospatial analyses to examine the impact 

of anthropogenic activities on the flora, soil, and geospatial 

elements in the Sabarimala area of the Pamba range, as well 

as the impact of anthropogenic activity in Thekkady range. 

The findings revealed that the Himalayan region of India is 

confronted with numerous conservation challenges resulting 

from human activities. 
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Through a comprehensive analysis of various conducted 

studies, it is evident that significant alterations have 

occurred in the floral pattern, soil quality, soil erosion rate, 

and ecology of the anthropogenic activity zones in the 

Himalayan region of India. While a higher level of plant 

diversity was observed in the disturbed zone, it was 

primarily dominated by shrubs and herbs, including invasive 

alien species or non-native plants associated with food 

grains. However, the composition of trees remained 

consistent in both the disturbed and undisturbed zones. 

Herbs and shrubs were annually removed during every 

season, resulting in a high loss of lower branches for the 

trees. The studies also highlighted that the changing plant 

composition, particularly due to invasive alien species, will 

have an impact on the overall biodiversity in the area 

(Chapin et al., 2010) [6]. 

The analysis of time series data on the changes in vegetation 

vigor categories based on NDVI values revealed that the 

categories of very low and low increased between 1970 and 

2014, while moderately high and high categories showed a 

decreasing trend. These changes were primarily observed in 

disturbed areas of the Himalayan region in India. The 

reduction in ground vegetation cover and conversion of 

grasslands were identified as factors influencing the NDVI 

values. Landscape analysis indicated a significant increase 

in fragmentation, porosity, and patchiness over the years, 

leading to the disruption of forest integrity and continuity. 

The rise in non-forest land use categories, such as built-up 

areas, roads, open forests, and agricultural settlements, 

contributed to these changes in the landscape. 

Anthropogenic activities have increased since the 1960s, 

with large-scale constructions occurring in the region during 

the 1980s and 1990s. 

The rising need to convert forests into different land 

categories in alignment with human activities beyond what 

Sabarimala area can sustain has led to the fragmentation, 

permeability, and disruption of forest land, particularly in 

the Himalayan region. Currently, construction activities are 

ongoing as part of the Sabarimala master plan, aimed at 

enhancing the overall development of the Himalayan area 

by improving infrastructure and accommodation facilities. 

These activities will have an impact on the landscape 

elements in the years to come. 

 

Conclusion 

The map indicating the potential for soil erosion in the study 

area shows that there are areas with high susceptibility to 

erosion, specifically in a small geographical location near 

Sabarimala affected by human activities. The removal of 

vegetation cover, the creation of trek paths, and the use of 

tractor routes to Sabarimala may lead to severe soil erosion 

in this area. Further analysis indicates that changes in land 

cover patterns will greatly impact the likelihood of soil 

erosion. The high erosion susceptibility could result in the 

loss of soil nutrients and potentially explain significant 

seasonal variations observed in soil nutrient levels during 

soil studies. 

 

Recommendation  

The existence of invasive non-native species within 

undisturbed regions signifies inadequate forest management, 

thus necessitating the development of effective scientific 

strategies for weed control in the area. By treating the entire 

landscape as an interconnected system and supporting the 

entire biotic community, we can ensure the long-term 

preservation of the Indian Himalayan region. 
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