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Abstract 

Proliferation of invasive alien plant species poses a significant threat to the structure and 

function of ecosystems, making this a critical area of focus within the scientific 

communities. These species cause extensive damage to the biodiversity, as they are capable 

of altering the ecosystems and outcompete the native biodiversity. Globally, their 

abundance has increased dramatically in forested and other natural areas due to rapid 

economic growths and anthropogenic activities. To counter this alarming situation, 

understanding the distribution pattern, climatic influences on phenophases and ecological 

impact on soil by invasive alien plant species is a priority. In northeast India, studies on 

invasive alien plant species diversity and their impacts are very limited, especially in 

Arunachal Pradesh. Therefore, the present study aims to determine the patterns of 

distribution, phenophases and physiochemical impacts by the dominant invasive alien plant 

species in five forest types (Assam Alluvial Plain Semi Evergreen Forest-AAPSEF, East 

Himalayan Mixed Coniferous Forest-EHMCF, East Himalayan Subtropical Wet Hill 

Forest-EHSTWH, Non-Forest-NF and Riverine Forest-RF) of Pakke Tiger Reserve, 

Arunachal Pradesh. The altitudinal range of Pakke Tiger Reserve is 150- 2050 m above the 

sea level (490 to 6725 feet), with an average annual rainfall of 2500 mm. The current study 

reveals a total of 43 invasive alien plant species in the study area. However, their species 

richness in five forest types was in declined trend with the increase of elevation. Across the 

forest types, AAPSEF (30%) display the maximum level of invasion and least incursion in 

EHSTWHF (16%) in the current study. Among the nine species selected for the study, 

Chromolaena odorata (L.) R.M.King & H.Rob. was found dominant and distributed 

extensively in all forest types, with highest relative density (51%) in EHSTWHF and 

relative abundance (10%) in NF. The entire selected species shows contagious distribution 

pattern (<0.5) in all forest types except for Urena lobata in NF displaying random 

distribution (0.025 - 0.5) in study area. Ageratum conyzoides L., Chromolaena odorata (L.) 

R.M.King & H.Rob. and Urena lobata L. are the species with extensive distribution in all 

forest types in comparison to other selected species showing their dominance over the 

native vegetation. Moreover, maximum area cover percentage was exhibit by Chromolaena 

odorata (L.) R.M.King & H.Rob. followed by Ageratum conyzoides L., Mikania micrantha 

Kunth and Urena lobata L. across the forest types in Pakke Tiger Reserve. Fores types such 

as AAPSEF, NF and RF display high level of disturbances while the EHMCF and 

EHSTWHF have fewer incursions by invasive alien plant species in the study area. 



 
 

Phenological pattern on the selected species shows that Bidens pilosa L. has the longest 

flowering phenophases while Chromolaena odorata (L.) R.M.King & H.Rob. has the 

maximum fruiting duration in EHSTWHF. For leaf fall and initiation, Urena lobata L. 

display the longest duration in RF. Moreover, coefficient of variation shows that most of 

the species display asynchronous phenophases across the forest types of Pakke Tiger 

Reserve. Repeated measures of ANOVA also display that Ageratum conyzoides L. display 

difference in flowering in NF and EHSTWHF while Chromolaena odorata (L.) R.M.King 

& H.Rob. leaf initiation show difference in EHMCF. Correlation and linear regression 

display influences of climatic parameters i.e., precipitation, relative humidity, minimum 

and maximum temperature to the selected species in the study area. CCA also indicates that 

precipitation, minimum and maximum temperatures directly influence the phenophases of 

the selected species. However, relative humidity influences the phenophases of the selected 

species when in cohesion with other climatic parameters. Ecological impact on native 

species by invasive alien plant species was determined by collecting the soil sample of the 

most dominant species i.e., Chromolaena odorata (L.) R.M.King & H.Rob. across the 

forest types in Pakke Tiger Reserve. The result shows that clay and copper contents were 

high in all invaded sites while soil pH, sand, boron and water holding capacity were 

significantly lower in invaded plots. Out of 16 soil variables, T-test reveals that AAPSEF 

and NF have variation in 13 variables while EHMCF, EHSTWHF and RF have difference 

in 12 variables. ANOVA between the invaded and uninvaded sites also indicates significant 

differences in Boron, iron, copper, nitrogen, water holding capacity, clay, silt and sand. 

Moreover, correlation shows eight of the variables display relation between them. 

Furthermore, PCA indicates that INNF soil properties were different from the remaining 

sites. The results indicate that Chromolaena odorata (L.) R.M.King & H.Rob. alter the soil 

properties of invaded areas by improving the fertility, making it ideal for the proliferation 

process in future scenarios.  

Keywords: Arunachal Pradesh, Biological invasion, Climate changes, Ecosystem threat, 

Invasive alien plant species, Northeast India, Pakke Tiger Reserve 
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Chapter 1  

Introduction 

1.0 Background 

 

The stories of biological invasions have been known and recognized for millennia. 

Naturalists have been observing and contemplating biological invasions in some capacity 

for a long time. In fact, invasive species were mentioned in the works of Charles Lyell, 

Frank Egler, and Charles Darwin (Richardson and Pyšek, 2008) but the true beginning 

point was the book of Charles Elton, (1958) “The ecology of animal and plant invasions", 

which subsequently became known as invasion ecology (Rejmánek et al., 2005). The field 

of invasion biology is a challenging, multidisciplinary one that includes both basic and 

application study. A unique opportunity to study fundamental population processes is 

provided by biological invasions. A biological invasion, also known as a bio-invasion, is 

the movement of organisms into areas where they had not previously existed. This 

encompasses both naturally occurring slow, progressive dispersion and naturally occurring 

fast growth brought on by extraordinary geological or climatic occurrences (Olenin et al., 

2017). 

Biological invasion is a natural process, the current increased rate of invasions is 

unquestionably a human-instigated occurrence and one of the most significant effects that 

people have had on the globe and the pace of invasion had accelerated, especially over the 

past century, as a result of the fast alteration of natural ecosystems (Vitousek et al., 1997). 

Regular or sporadic disturbance is a characteristic of dynamic ecosystems by nature (Sousa, 

1984; Gurevitch and Padilla, 2004), but it also makes invasions easier to carry out. But it 

also makes the invading process easier. According to Simberloff et al. (2013), biological 

invasions pose a threat to biodiversity in terrestrial, freshwater, and marine environments 

and one of the primary causes of biodiversity loss and is allegedly the second leading cause 

of species extinction after habitat loss (Jose et al., 2009). Ecologists have taken an interest 

in invasion research due to its major ecological effects and global economic 

implications (Liu et al., 2005). According to Mack and D'Antonio (1998) and Sax (2002), 

human activities have a significant impact on the dissemination of alien plants and invasive 

ecology had been linked to human-mediated activities that lead to spread outside of their 

potential range and biogeographic boundaries (Richardson and Pyšek, 2006). Rapid pace 
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of globalization had made easier infiltration of invasive species from one geographic region 

to another. The threat of invasive plants had spread globally and is mostly due to human 

intervention (Vitousek et al., 1997). Biological invasion and climate change pose a threat 

to both the environment and the economy worldwide (Thuiller et al., 2007: Tripathi, 2009: 

Walther et al., 2009).  

Climate change is a significant factor in invasion since it affects invasive plants flowering 

and creates competition with native habitat flora, where invading species typically have a 

modest advantage over native species (Lowe et al., 2000). The amount and intensity of 

invading species' effects varies. Some invaders merely affect communities and have little 

to no effect on ecosystems, whereas other invasions change the ecosystem's fundamental 

structure (Jeschke et al., 2014) and induce regime transitions (Gaertner et al., 2014). 

Ecosystems, communities, and native biodiversity may all be negatively impacted by rising 

temperatures, brisk economic development, and alien species invasion (Sanders et al., 

2003; Lin et al., 2007; Thuiller et al., 2007; Kelly and Goulden, 2008; Walther et al., 

2009). These changes may be brought about by invasive plant species using excessive 

amounts of water, light, and oxygen, adding resources, promoting or suppressing fire, 

retaining sand or assisting in erosion, accumulating litter, and sand accumulation or 

redistribution that alters nutrition flows (Richardson and van Wilgen, 2004). 

The impact of invasive plants on global biodiversity is second only to habitat fragmentation 

and is a serious worldwide concern. Furthermore, the economic costs of invasive species 

are significant, albeit this had not been thoroughly explored (Pimentel, 2005). The 

biodiversity and environment may be seriously impacted by climate change and plant 

invasion (Mainka and Howard, 2010). If the climate becomes unfavorable, changes in the 

climate may also aid in preventing the biological invasion (Bradley et al., 2009). According 

to the Convention on Biological Diversity (2002), biological invasion is the second worst 

threat after human destruction and one of the most serious threats to Protected Areas (PAs) 

after habitat loss, fragmentation, and more than tourism (Pyšek et al., 2013). While the 

impacts of invasive alien species are widely recognized around the world (Mooney and 

Hobbs, 2000), basic information on naturalized plant taxa and plant invasion is still lacking 

in many developing countries. Many of the irreversible losses of native biodiversity that 

occurred in the past went unreported, but today there is a growing understanding of the 

ecological implications of biological invasion (Sharma and Raghubanshi, 2012). 

The competitive impacts of invasive alien plants can affect native plant composition, 

abundance, and structure, as well as ecological processes. However, the success of 
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introduced species outside their native range had been attributed to environmental, biotic, 

and dispersion factors (Theoharides and Dukes, 2007). Functional characteristic analysis, 

demographic analyses, spread rate models, and ecosystem invasibility methodologies have 

all been utilized in attempts to comprehend (Rejmánek and Richardson, 1996) or forecast 

the success of plant invasions to date (Burns et al., 2013). These methods have 

demonstrated that some settings are more vulnerable to invasion and were more likely to 

be colonized by a certain plant life type (Jelbert, 2018). Because of the evolutionary 

similarity of invading and native species, prediction of invasion success is simple, but 

prediction of invasion effect is difficult (Gallien and Carboni, 2017). There is a large risk 

of plant invasion due to the speed of globalization, however understanding risk assessment 

and the geographic distribution of IAPs may act as an early warning system in future 

research (Feng and Zhu, 2010).  

As a result, an essential component that must be recognized in order to prevent invasion is 

to guide the effect of people's perception in future research and control 

measures (Shackleton et al., 2019). However, there had been a paucity of data on extinction 

that is based on plant invasion, despite the fact that measures must be undertaken before 

the real crisis of extinction (Downey and Richardson, 2016). According to Van Wilgen and 

Wilson, (2018), the pathway-area-species framework regulation may be extremely 

beneficial for effective control methods. Since invasion biology is a constantly evolving 

field, its terminology likewise changes quickly and is affected by a number of sometimes 

opposing academic, cultural, and even political viewpoints (Elliott, 2003; Carlton, 2009; 

Olenin et al., 2010). 

 

1.1 Invasive Alien Plant Species 

According to Richardson et al. (2000), Invasive Alien Plant Species (IAPs) are the species 

that were introduced into recipient ecosystem from a new area and later prohibited the 

growth of native species or replacing by their dominance. They were considered as the 

growing issue in the global scenario (Vitousek et al., 1996). IAPs were responsible for 

species as well as biodiversity losses and disturbances in functioning of environments 

(Drake et al., 1989; Mack et al., 2000; Mooney, 2005; Pejchar and Mooney, 2009). 

Although many authors define invasive alien plant species (IAPs) differently, the definition 

provided by Macdonald et al., (2003) to be the most relevant to the current discussion: “the 

non-native species which have the ability to harm the ecosystem including economy and 
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human beings”. Potentially detrimental financial effects of invasive alien species might 

affect both human well-being and environmental services (Vilà and Hulme, 2017).  

Invasive alien species can alter community composition, induce local extinctions and the 

loss of native genotypes, alter habitats, and have an impact on ecosystems (Vilà et al., 2010; 

Bellard et al., 2016). Therefore, these species' establishment and expansion put ecosystems, 

habitats, or species that negatively impact the environment or the economy at 

jeopardy (GISP, 2000). There is widespread recognition of the detrimental effects that 

invasive alien plant species (IAPs) have on the world's biodiversity, which have led to the 

loss of several plant and animal species in various the world's ecosystems (Baillie et al., 

2004; Early et al., 2016; Sandilyan, 2015). Moreover, entire ecosystems come under certain 

risk that results in the irreversible loss of endemic species (Levine et al., 2003). Because of 

their capacity to change ecological processes like carbon and nitrogen cycling, hydrological 

cycles, the frequency and/or intensity of fire, and the alteration of the typical disturbance 

regimes in the native communities, invasive alien plants have drastically changed many 

ecosystems by outcompeting native species (Calder and Dye, 2001; D’antonio and 

Meyerson, 2002; Brooks et al., 2004; Liao et al., 2008; Ehrenfeld, 2010; Werner et al., 

2010; Lankau, 2010) and were, thus, justifiably recognized as one of the biggest dangers to 

biodiversity on earth (Cronk and Fuller, 1995; Chapin et al., 2000; Koch, 2004).  

It is well known that invasive species directly compete with native species for resources 

(Werner et al., 2010), interfere with interspecific interactions, community structure, and 

ecosystem processes in the native communities (Lonsdale, 1999) and disrupt co-evolved 

interactions among native species that have been long associated (Callaway and 

Aschehoug, 2000; Callaway et al., 2008; Zhang et al., 2010). According to Williams et al., 

(2010), managing invasive populations is estimated to cost the global economy more than 

£300 billion annually. Among the primary factors contributing to the loss of biodiversity 

and the extinction of species in the world's major plant and animal taxa were biological 

invasions (Duenas et al., 2021). Therefore, identifying characteristics of invasive plant 

species and the processes associated with invasion success had been a major goal for both 

invasion biologists and ecologists (Agrawal et al., 2005; Prentis et al., 2008; Castro-Dez et 

al., 2011; Davidson et al., 2011; Hovick et al., 2012; Burns et al., 2013). 
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1.2 Invasive Alien Plant Species on Biodiversity 

According to Early et al. (2016), 17% of global biodiversity is believed to be very 

vulnerable to biotic invasions. While the "diversity resistance hypothesis" (Kennedy et al. 

2002) suggests that the high natural biodiversity serves as a barrier against IAP infection, 

on the other hand, it is generally accepted that the landscape expansion of IAPs poses a 

constant danger to biodiversity (El-Barougy et al., 2021). Nonetheless, indigenous 

biodiversity and carbon sequestration may be adversely affected by the proliferation of 

invasive alien species in novel ecosystems (Leclere et al., 2020). Moreover, biotic invasions 

pose a serious danger to the spatial landscapes of global biodiversity hotspots and low- 

human development index (HDI) nations (Early et al., 2016). Furthermore, when combined 

with climate change and a high rate of deforestation i.e., 13 million hectares worldwide, the 

negative impacts of IAPs on indigenous or native biodiversity were further aggravated into 

the loss of an estimated 500 million hectares of tropical forests (Chazdon, 2008; Pysek et 

al., 2020). Multiple anthropogenic disturbances encouraged the spread of interspecific 

plant-animal phenotypes in forested landscapes, which in turn negatively impacted the 

forest succession, resulting in invasion (Chazdon, 2008). The invasion windows created by 

anthropogenic disturbances allow IAPs to act as passengers along with potential plant traits 

(Sakachep and Rai, 2021). 

IAPs may infiltrate any ecosystem in every bioregion, with varying degrees of intensity, 

anywhere in the globe; yet, the management dilemma remains an unexcogitable problem 

(Gentili et al., 2021).  By altering the composition and functioning of ecosystems (Zhang 

and Ye, 2002), leading to enormous financial losses (Xu and Ding, 2003) and accelerating 

the extinction of species and genetic biodiversity (Qiang and Cao, 2001). Despite their 

capacity to penetrate any ecosystem in every bioregion with various degrees of potency 

anywhere in the world, IAP management continues to be an unsolvable problem (Gentili et 

al., 2021). IAPs disrupt both the environment and people when they arise in unfamiliar 

settings (Seebens et al., 2017). One of the elements influencing the distribution of IAPs is 

the number of agricultural sectors used in the food security (Mack et al., 2000; Gilbert and 

Levine, 2013; Rai et al., 2018). 

The introduction of IAPs modifies the physio-chemical environment, increases the 

likelihood of disturbances, and diminishes native biodiversity, among other consequences 

(Hulme, 2015; Bellard et al., 2016). Additionally, in high-resource conflict circumstances, 

IAPs cause the native population to decline or become extinct (Alyokhin and Sewell, 2004; 

Gallardo et al., 2019). They also have an effect on the environment, the economy, and the 
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welfare of people (Barney et al., 2013; Diagne et al., 2020). Due to environmental changes 

brought about by human activity over the last several decades, the invasion of IAPs had 

escalated (Keller et al., 2011). According to Richardson et al. (2000), Hulme, (2007) and 

Merceron et al. (2017), certain IAPs have the capacity to alter habitat and ecosystem 

functioning to the point where they endanger ecosystem services and human well-being. 

IAPS may significantly diminish native biodiversity via a variety of secondary methods, 

including herbivory, hybridization, ecological change, competition, hunting, and other 

processes (Gaertner et al., 2009; Waser et al., 2015; Manchester and Bullock, 2000). 

With their violent and contentious ability to proliferate in more disturbed and edge habitats 

or soil with high levels of light and nitrogen (Saunders et al., 1991; Turner, 2005), it is 

evident that IAPs can eradicate rare native species (Houlahan and Findlay, 2004) and have 

a major negative impact on ecological processes (Allison and Vitousek, 2004). 

Furthermore, rather than wilderness areas, IAPs were more likely to penetrate regular 

ecosystems, which were collapsing due to human dominance (Lindenmayer and Mccarthy, 

2001; Guirado et al., 2006; Leyva et al., 2006; McKinney, 2006). Many researchers have 

conducted studies on the impact of the ecosystem (Liao et al., 2008; Gaertner et al., 2009; 

Powell et al., 2011; Vilà et al., 2011), but there have yet to be studies of qualitative synthesis 

in relation to the recipient ecosystem and invading flora attributes (Parker et al., 1999; 

Thiele et al., 2010; Hulme, 2012). Even though IAPs were recognized to inflict damage 

globally, many parts of the globe still lack knowledge about IAPs or were in the dark phases 

of plant invasion (Corlett, 1988; Enmoto, 1999; Meyer, 2000). In order to identify and 

monitor IAPs in future situations, the creation of an occurrence database is a necessary 

initial step in the development of invasion biology (Wu et al., 2004; Latombe et al., 2017). 

 

1.3 Invasive Alien Plant Species on Phenology Pattern 

Phenology is the study of how the weather and climate affect the recurring life cycles of 

plants and animals (Schwartz, 2003; Cleland et al., 2007; Ovaskainen et al., 2013; Cara-

Donna et al., 2014). The word is derived from the Greek word "phaino", which implies to 

appear or show. Ecologists have been captivated by phenological research for many years 

due to their consistent occurrences that cause changes in the community structure when 

new alien species arrive (Wolkovich and Cleland, 2011). Based on seasonal knowledge of 

phenophases, phenology may be utilized to investigate the interactions between groups and 

species in ecological adaptation (Desai and Patel, 2010). Phenology refers to the effective 
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timing of a species' development and reproduction when biotic and environmental 

components spontaneously choose one another (van Schaik et al., 1993). Both biotic and 

climatic characteristics were composed of a number of different elements, according 

to Kumbhani (2021). In contrast to climatic elements such as temperature, photoperiod, and 

rainfall, which have been studied by Opler et al. (1976), Arroyo et al. (1981), and Borchert 

(1983), biotic have modified their plant physiology and morphology. There were 

consequences for ecological evolution in the way that the timing of abiotic effects had 

impacted phenology phenomena (Forrest and Miller-Rising, 2010). Phenology is associated 

with many characteristics that were essential to a plant species' or community's ability to 

compete, including availability and resource acquisition (Driess, 2016). Phenology is often 

thought of as a temporal niche and is a major predictor of species succession, community 

assembly, and climate change (Fitter & Fitter, 2002; Cleland et al., 2007; Sherry et al., 

2007; Driess, 2016). According to Chuine and Beaubien (2001), phenology restricts the 

ranges of species, promotes species cohabitation (Fargione and Tilman, 2005), and is 

adaptive (Volis, 2007). More people were beginning to recognize that IAPs' distinct 

phenology or phenological sensitivities could be advantageous for them in recently 

introduced environments (Harrington et al., 1989; Wolkovich and Cleland, 2011; Fridley, 

2012). 

In the basic ecology of invasion biology, phenology had proven critical to the invasion of 

IAPs and the ensuing climatic change (Field et al., 2007). The success of IAPs' invasion 

may have been attributed to their clear advantages over the native flora (Cadotte and Lovett-

Doust, 2002). In particular, phenology may be linked to a number of characteristics that 

were essential to plant competitiveness (Wolkovich and Cleland, 2011). Based on theories 

like priority effects and vacant niches, some IAPs with different phenological patterns than 

the native community might benefit from occupying areas with resources where the later 

species were dormant (Xu et al., 2007; Wolkovich and Cleland, 2011; Durham et al., 2017; 

Gioria and Osborne, 2018). According to Willis et al. (2010) and Wolkovich et al. (2013), 

invading species tend to exhibit different phenological responses in hotter climates than 

native species. 

Seasonal changes seem to be connected with the positive results of IAPs (Laube, 2015). An 

extended blooming season was the outcome of several IAPs using the autumn niche 

significantly more effectively than native species (Harrington et al., 1989; Pysek and 

Richardson, 2007; Wolkovich and Cleland, 2011; Knapp and Kühn, 2012; Fridley, 2012). 

Furthermore, IAPs were more adaptable to temperature changes than native species (Willis 
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et al., 2010; Hulme, 2011) and sprout sooner in the spring (Cleland et al., 2015; Wilsey et 

al., 2015). It causes a rise in abundance and dispersion (Willis et al., 2010; Hulme, 2011) 

and permits the IAPs to have full exposure to light (Polgar et al., 2014). Climate-wise, IAPs 

flower differently from indigenous ones, with more frequent and profuse flowering in 

invaded areas (Godoy et al., 2009) and afterward flowering profusely (Celesti-Grapow et 

al., 2003; Lloret et al., 2005). Relocating to a new area may cause changes in the blooming 

characteristics (Rathcke and Lacey, 1985; Dlugosch and Parker, 2008). Because of 

evolutionary restrictions, species from the tropical area were known to flower (Wright and 

Calderon, 1995; Singh and Kushwaha, 2006). The climate of a given area may sometimes 

serve as a corrective filter for the effective invasion of IAPs (Richardson et al., 2000). This 

breathable filter therefore serves as the last link in the chain of IAPs that leads to the area 

that had been invaded (Thuiller et al., 2005). Therefore, climatic variables with seasonal 

variations in phenophase events need to be examined in order to understand the phenology 

of IAPS migration towards the extinction of native populations in a new habitat. 

 

1.4 Invasive Alien Plant Species on Soil 

The majority of research on the consequences of plant invasions had focused on 

aboveground fauna and flora (Levine et al., 2003), nevertheless soil organisms play 

important roles in regulating ecosystem-level processes (Wardle et al., 2004) and soils 

contain a large portion of the biodiversity of terrestrial ecosystems (Wolfe and Klironomos, 

2005). This was due to the fact that belowground diversity researches were subject to 

methodological limitations, whereas aboveground groups were often easier to see and 

measure (Belnap and Phillips, 2001). Some of the IAPs were able to change the topography 

as well as soil properties in the invaded regions by diminishing organic matter, minerals, 

and moisture retention capacity contributing to more environmental damage (Kumar et al., 

2021; Qu et al. 2021; Rai, 2022). Competition of nutrients between native and IAPs also 

lead to severe changes in the soil properties (pH, calcium and Magnesium) which can be 

notice afterward (Stefanowicz et al., 2018; Kone et al., 2021; Shiferaw, 2021). The 

physical, chemical, and biological properties of the soil were also changed by prolonged 

colonization which might have positive or negative impact effects on soil (Jandova et al., 

2014). Sometimes IAPs diverge the soil chemistry and composition of plant communities 

in their favor in comparison to uninvaded region (Dassonville et al., 2008). The correlation 

between plant characteristics and soil physical-chemical factors may influence IAP 

dynamics, resulting in alterations to the soil nutrient pool (Rai, 2022). The protracted 
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colonization altered the physical, chemical, and biological aspects of the soil, potentially 

resulting in either positive or negative impacts (Jandova et al., 2014). In certain situations, 

IAPs invasion might help to bring soil conditions closer to uniformity (Qu et al., 2021). 

According to Ehrenfeld (2003), Daehler (2003) and Soti et al. (2019), once established, 

invasive species enhance the rhizosphere conditions in the recipient environments and 

maximize native species' performance relative to invaders by adjusting resource levels and 

disturbance regimes. The invasion of IAPs may significantly affect soil parameters, 

including dynamic content, enzymatic activity, phosphorus (P), soil carbon (C), and 

microbial diversity (Ni et al., 2020). Interactions between invasive exotic plants and their 

associated biota, both above and below the surface, may vary significantly between their 

native and recipient settings (Soti et al., 2020). Abiotic tolerance, biotic resistance, 

propagule pressure, or a mix of these three elements often determine an invasive species' 

capacity to infiltrate a new environment (Alpert et al., 2000; Levine et al., 2004; Simberloff, 

2009; Byun et al., 2018). Plant characteristics including rapid growth, short lifespan, high 

resource allocation to reproduction, and adaptable utilization of available environmental 

resources were the main focus of most research on IAPs (Soti et al., 2020). Furthermore, 

colonization of IAPs often leads to change in soil physico-chemical parameters (Kumar et 

al., 2021). 

Several researches on IAPs have shown that soil organisms affect plant performance as well 

as the microbiome of invasive species (Volin et al., 2010; Ramirez et al., 2019). Only few 

have demonstrated the performance of IAPs and the limitations they impose on soil 

properties- pH (Diekmann and Lawesson, 1999) and soil acidification (Foy, 1984). Thus, 

knowing how abiotic soil properties differ in IAPs native and invaded regions may help 

identify successful invasion strategies outside of their natural habitats. 

 

1.5 Research Objectives and Questions 

As of now, only two studies have been conducted on the IAPs in Arunachal Pradesh 

(Kosaka et al., 2010; Singh et al., 2021). Moreover, little is known about the ecological 

impact of IAPs on regional biodiversity. The state is situated in an area recognized as a 

biodiversity hotspot region; therefore, creating an occurrence database in each of the 

protected areas would require a comprehensive baseline study. The goal of the current study 

is to investigate the structural features of IAPs and how they affect the native flora in the 

Pakke Tiger Reserve (PTR), in Arunachal Pradesh. Additionally, it suggests solutions to 
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lessen the risks and effects that now result from invasive alien plant species. In addition, a 

few selected invasive alien plant species will have their phenology, status, and distribution 

examined. This will help us understand how these plants interact with the surrounding 

vegetation and adapt to the changing climate. In addition to addressing the ecological 

effects of IAPs that alter the variety, abundance, and distribution of native flora in a system, 

this research will provide knowledge about IAPs in PTR to lessen the invasion and explore 

strategies to prevent it. At the present study site, no studies have been done on the 

distribution of IAPs and their ecological consequences on the native community. 

Consequently, the present investigation had been designed with the following objectives 

and questions in mind: 

 

1.5.1. Research Objectives 

The objectives of the current study are as follows: 

➢ To assess the distribution and invasion patterns of selected Invasive Alien Plant 

species in Pakke Tiger Reserve. 

➢ To study the phenology of selected Invasive Alien Plant species in Pakke Tiger 

Reserve. 

➢ To assess the ecological impact on native flora in Pakke Tiger Reserve. 

 

1.5.2. Research Questions 

➢ Do distribution and invasion patterns of IAPs vary across different forest types in 

Pakke Tiger Reserve? 

➢ Is the climatic parameters influence the phenology of Invasive Alien Plant species in 

Pakke Tiger Reserve? 

➢ How the invaded soils of Invasive Alien Plant species differ from the soil of native 

flora in Pakke Tiger Reserve? 

****************** 
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Chapter 2  

 

2.0 Review of Literature 

Globally, Invasive Alien Plant Species (IAPs) had been widely recognized as a major threat 

to the environment (Davis et al., 2001; Richardson, 2004; Blackburn et al., 2019; Banerjee 

and Sankaran, 2023; Cristina-Maria et al., 2023a; Li et al., 2024). These species tend to 

escaped from its nativity to other natural area where it slowly invades the new habitat 

(Ricciardi, 2012; Kaufman and Kaufman, 2023), resulting in replacing of native vegetation 

in the introduced area (Bellini et al., 2024; Liu et al., 2024). The expansion of IAPs is 

mainly orchestrated by human activities (Barney, 2006) through migration and colonization 

(Kannan et al., 2013; Fig. 2.1). For example, the colonization of America, Africa and Asia 

by the European between 15th to 19th century made a gap in the geographic barriers (Essl 

et al., 2011), which immensely lead to overflow of many invasive species into their colonies 

(Kannan et al., 2014; Byrne and Warren, 2024).  

Given the current state of globalization and rapid environmental change, it is especially 

important to comprehend how IAPs proliferate (Cristina-Maria et al., 2023b). The routine 

importation of dangerous non-native organisms - both unintentional and intentional - occurs 

every day and is projected to cost more than $100 billion annually worldwide (Baquero et 

al., 2023). Moreover, there is still debate regarding their successful infiltration and future 

expansion (Sakai et al., 2001; Barney, 2006). Understanding the details autecology of IAPs 

regarding their allocation in recipient environment and natural constraints restricting further 

expansion might lead to pinpoint location vulnerable to future invasion (Weber, 1998). 

According to Pysek and Prach (1995), phytogeographic historical data of IAPs distribution 

might help in detecting their establishment, dispersal pathway and process of invasion in 

the introduced region.  But detailed census is often ceased to exist (Reddy, 2008), this led 

biologist to rely on herbaria and floral data of the region, which might be time consuming 

to rectify the details (Barney, 2006). In addition, their impact on native species, 

communities and ecosystems are widely known (Vitousek and Walker, 1989; Lodge, 1993; 

Simberloff, 1996; Mooney and Hobbs, 2000; Sala et al., 2000). Therefore, creating a detail 

repository of information on IAPs might be a proper solution in tackling this constraint (Wu 

et al., 2004; Reddy, 2008).    
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2.1 Genesis of Invasive Alien Plant Species in the World 

The study of “Invasion Ecology or Biological Invasion” had a way back to 18th century, 

where many notable naturalists such as Augustin Pyramus De Candolle, Alphonse De 

Candolle, Charles Darwin, Joseph Hooker and Charles Lyell mentioned the phenomenon 

of invasive species (Richardson and Pysek, 2008; Gentili et al., 2021). These species were 

even described as possible threats to native population by De Candolle (1855) and Darwin 

(1859) during their time. However, the starting point of biological invasion comes during 

the first half 1900s when Charles Elton described the population explosion of species in his 

book “The ecology of invasions by animals and plants” in 1958 (Gentili et al., 2021). Their 

progression toward recognition was notably gradual before the publication of Charles Elton 

book because invasive species were not considered a threat at that time (Richardson and 

Pysek, 2007, 2008) but mostly valued as ornamental or crop (Bell, 2003). 

 

Figure 2.1: Global expansion routes of IAPs after globalization based on literature reviews. 

 

Afterward, naturalist and biologist started to realize the slow destruction of environments 

by the invasive species (Davis, 2009).  By 2000s, several studies exposed the hidden truth 

of IAPs showing its effects on the global scenarios (Vitousek et al., 1996; Richardson et al., 

2000; Maron et al., 2004; Strauss et al., 2006; Pysek and Richardson, 2007). Over the past 

two centuries and with a marked acceleration in the last five decades, the global 

proliferation of IAPs had reached a critical level (Seebens et al., 2021). With this revelation, 

many researchers begin to unearth both negative (Bhatta et al., 2024; Yin et al., 2024; 
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Mahmoodi et al., 2025) as well as positive impact of IAPs in global platform (Boadie-

Ampong et al., 2024; Ullah et al., 2024; Vila et al., 2024). However, maximum studies were 

inclining toward negativity as they intend more harm than benefit (Sharp et al., 2011; 

Potgieter et al., 2019). Moreover, they were termed as worst threat after human destruction 

(CBD, 2002), capable of causing species loss (Lowe et al., 2000) and etiological agent in 

the diminution of global biodiversity (Butchart et al., 2010; Pysek et al., 2020).  

According to Pysek et al. (2020), global estimation of IAPs is around 2500 species, which 

have gained the status of dangerous non-native plant, accounting for 25% of biological 

annihilation of plant species (Blackburn et al., 2019).  Although these species influences 

were different from one region to another (Blackburn et al., 2014), yet causes serious 

damage to the environment in various way- disrupting native richness (Kumschick et al., 

2015), alteration of biogeographic domains (Capinha et al., 2015), phylogenetic diversity 

(Renault et al., 2022), nutrient cycling (Shivers et al., 2023), productivity (Linders et al., 

2019), hydrology (Ruhi et al., 2019), trophic structure (Calizza et al., 2021) and functioning 

of ecosystem services (Castro‐Díez et al., 2019).  They were also responsible for extinction 

of 39 species worldwide (Pysek et al., 2020) and a main predator of endemic species (Pysek 

et al., 2017). According to Schirmel et al. (2016), IAPs have significant impact on the faunal 

diversity by decreasing abundance, diversity and fitness, with strongest effect on 

herbivores. Similar results were observed by Fletcher et al. (2019), in which the IAPs 

reduce the native faunal abundance and impact increases over time, not depending whether 

exotic or native. However, there were also positive impacts of IAPs on forest fauna in 

ecosystem near developed areas (Hayes and Holzmueller, 2012). Globally, 63% of the 

studies concludes that IAPs is the major concern for native population (Pysek et al., 2012) 

and the leading cause of ecological modification, exceeding hunting, harvesting, and 

agriculture (Blackburn et al., 2019).  

In addition, they can enhance the ecosystem by altering physicochemical properties of soil 

to their benefit in the invaded region (Weidenhamer and Callaway, 2010; Allen et al., 2011; 

Chen et al., 2015; Gibbons et al., 2017; Xu et al., 2022). Not only alteration, it modifies the 

soil seed banks (Lee et al., 2024), fire regimes (Fusco et al., 2022), microbial activities 

(Wang et al., 2022) and soil structure (Weidenhamer and Callaway, 2010), leading to more 

profuse invasion (Gaertner et al., 2012). Their degree of impact does not stop at 

environments but also to humanity (Early et al., 2016; Lazzaro et al., 2018). The effects of 

IAPs on human wellbeing can be categorized into direct and indirect pathways (Bacher et 

al., 2018; Shackleton et al., 2019). Direct impact on humans is mainly caused by diseases 
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and infection (Hulme et al., 2014) while monetary losses and abandoning of farmland were 

indirect ones (Paini et al., 2016), thereby leading to disruption in socio-cultural relation 

(Pysek et al., 2020). Moreover, these species negatively impact the socio-cultural valuation 

of designated ecological and geographical areas (Ghermandi et al., 2015). However, the 

subjective nature of environmental perception poses a significant obstacle to the objective 

assessment of IAP impacts on socio-cultural valuation (Kueffer and Kull, 2017).  

 

2.2 Distribution and Invasion Pattern 

It is a known fact that invasive alien plant species (hereafter IAPs), affect the structure 

(García-Robledo and Murcia, 2005; Brown et al., 2006), diversity (Brown and Gurevitch, 

2004), dynamics of the recipient native vegetation (Hejda et al., 2009; Mollot et al., 2017). 

Biological invasion by IAPs is often associated with loss of biodiversity (Kenis et al., 2009) 

and threat to functioning of ecosystem (D' Antonio and Vitousek, 1992; Richardson et al., 

2000; Belnap and Philips, 2001; Vila et al., 2010), socioeconomic (Novoa, 2017) and 

human health (Roques et al., 2009). Over the last few decades, the severity of IAPS effects 

on biodiversity have grown dramatically large (Pimentel et al., 2001; Butchart et al., 2010) 

and become a concerning debate among the invasion biologist (Liao et al., 2008; Pereira et 

al., 2013). Invasion by IAPs have become a major environmental issue and the second 

largest threat to global biodiversity after loss of habitat and depletion of environment 

(Hulme, 2007; Peltzer et al., 2010; Simberloff et al., 2013). Moreover, the issues relating 

with the IAPs is increasing rapidly due to global trade and travels (Groves, 1991; Taylor et 

al., 2012) and ecosystem were becoming more susceptible to invasion by human mediated 

disturbance and propagules dissemination (Richardson et al., 2007; Holmes et al., 2008) 

jeopardizing the stability of the ecosystem and the provision of services (Richardson and 

van Wilgen, 2004; Vila et al., 2011). 

Several studies shows that forest habitats exert strong pressure on invasion because of their 

natural character, competitive abilities of native species and low propagule pressure in 

normal or slightly fragmented forest areas (Gonzalez-Moreno et al., 2013), though this 

narrative is slightly differed in current scenario as they were increasing in forest region 

whether undisturbed or non-fragmented (Medvecka et al., 2018). The mountain forest 

system had a rapid change in climatic factors, wide range of different habitats and uneven 

propagule pressure of IAPs, thereby necessitating habiatat invasibility to understand the 

invasion success in the region (Giorgis et al., 2016).  Distribution and invasion pattern of 
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IAPs differ strongly between different habitats due to increasing pressure from human 

interference, variation in disturbances and propagule pressure (Chytry et al., 2009). Forest 

differing in habitats might reveal plant invasion direction and stages in long term 

monitoring (Huebner, 2021). Invasion patterns of IAPs in mountain forest resulted in 

decreasing trends with the increased of elevation, indicating that their species richness 

might be different from native species (Zhang et al., 2015). However, these IAPs at the 

lower altitude might filter through the elevation due to worsening climatic changes, and 

human interferences (Xie et al., 2024). Similarly, these results concurred with the study of 

Liu et al., (2005) suggesting human and climatic condition might play a role in IAPs 

distribution in China.  

The distribution of IAPs in the New World had increased significantly than the Old World 

due to influenced by environmental factors (Lonsdale, 1999; Wahyuni et al., 2016). 

Activities such as trade, transport, landscape fragmentation and modification of 

atmospheric composition by the humans, facilitate more invasion of IAPs in natural and 

forest areas (Henderson et al., 2006). These species introduced in other native habitat 

exhibits more proliferation in invaded areas than the undisturbed region (Hejda et al., 2009). 

Naturally, these species prefer to invade non forest and riverine forest rather than thick 

undisturbed forest (Campagnaro et al., 2018). IAPs also facilitate the expansion of other 

exotic species by altering the species composition, thereby creating a pressure on native 

vegetation (Medvecka et al., 2018). Studies on the level of invasion in different types of 

forest habitats were done in broader scale but their outcome is unchanged i.e., more 

invasion riparian forest due to fragmentation, open canopy and high propagule pressure 

(Wagner et al., 2017). Although, disturbances were highly connected with invasion but for 

the riparian forest, artificial disturbances seem to be the main issue in forest habitats 

(Medvecka et al., 2018). These facilitating results might be due to invasional meltdown, 

which may have a role in IAPs distribution in forest habitats (Collins et al., 2020). Their 

impacts resulted in alteration of vegetation comoposition, forest succession, nutrients cycle 

and reduces in species diversity (Liebhold et al., 2017).  With these changes in the recipient 

environments, these facilitate unfavorable condition for the native vegetation and lead to 

successful proliferation of the IAPs (Ozolincius et al., 2014). In biological invasion, many 

researchers specifically work on perspective, distribution pattern and invasion success, 

though usually unnoticed the expansion of IAPs by habitats (Blackburn et al., 2014; Giorgis 
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et al., 2016). Due to this, study on habitat invasibility had been poorly understood till now 

(Giorgis et al., 2016).   

2.3 Phenophases of Invasive Alien Plant Species  

For thousands of years, the subject of phenology had fascinated many environmentalists all 

around the world (Wolkovich and Cleland, 2011; Piao et al., 2019; Song et al., 2020). With 

the changing climatic conditions, study of phenology and its shift to changing climate had 

seen renewed interest among the researchers (Post and Stenseth, 1999; Wolkovich et al., 

2014; Fu et al., 2015; Richardson et al., 2018). It is crucial to fully understand the 

phenological patterns observed in different regions in addition to the underlying 

explanations behind these patterns for a variety of reasons (Chapman et al., 1999), as the 

use of phenological data had been widely recognized (Schwartz, 1998; Menzel, 2002). 

Additionally, these environmental variables, such as precipitation (rainfall) and 

temperature, affect plant phenology (Sakai et al., 2001; Smith et al., 2012).  

The main cause of seasonality changes in plants is precipitation (Korner, 2006; Nord and 

Lynch, 2009), which can’t be unheeded in the phenological studies (Neto et al., 2013). 

Rainfall promotes a high rate of flowering (Wright and Calderon, 1995), fruiting (Aldrich 

and Hamrick, 1998) and leaf initiation or flush (Lovejoy et al., 1986) among the plants 

established at the edge of forest through photosynthetic activities and high insolation (Neto 

et al., 2013). Nevertheless, temperature also plays an underlying effect on plant phenology 

through water availability (Shiferaw et al., 2020). According to Rathcke and Lacey (1985) 

and Ferrara et al. (2017), temperature shows an important role in plant phenology, which 

helps in regulating the phenological patterns, in which high temperature leads to leaf fall in 

the edges of forests in comparison to the interior forest (Sizer and Tanner, 1999; Cara, 

2006). Moreover, the differences (temperature and precipitation) in the phenology among 

the plant species led to reduced competition in the plant communities (Shiferaw et al., 

2020), growing season length (Cleland et al., 2007) and sustainable food security with 

stable ecology (Fitchett et al., 2015).  

The relation between the phenological patterns of plant species and climatic variables can 

easily deduce the past or present values of the variables where no data were available 

(Beaubien and Johnson, 1994), thus the plant species served as the information indicator of 

local climate data (Diekmann, 1996). Studies on various phenophases like flowering, 

fruiting, leaf initiation and leaf fall help in deciphering the timing of seasonal duration and 
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phenological behavior of particular species. Following these events during a plant’s life 

cycle such as flowering (Diekmann, 1996; Menzel et al., 2006; Song et al., 2020), fruiting 

(Heideman, 1989; Chapmann et al., 1999; Wender et al., 2004; Singh and Kushwaha, 2006), 

leaf initiation and leaf fall (Koptur et al., 1988; Fridley, 2012; Connell and Savage, 2020; 

Horbach et al., 2023) helps us understand how the species can adapt to its environment and 

how it works (Tesfaye et al., 2011; Dutta, 2013). In flowering phenology, temperature 

(Hollister et al., 2005) is facilitated by the association of internal factors (Putterill et al., 

2004). Besides temperature, other environmental signals such as, photoperiod (Rathcke and 

Lacey, 1985), drought (Fox, 1990), day length (Imaizumi and Kay, 2006), soil moisture 

(Sauer, 1976; Hartmann et al., 2013), rainfall (Rathcke and Lacey, 1985) and snowmelt 

(Korner, 2003) also regulate flowering in plants (Schnelle, 1955).  Sometimes variation in 

flowering phenology might occur in regional or local variables due to changes in ecological 

components of an environment (Rafferty et al., 2020). Therefore, flowering phenology 

plasticity serves as a vital mechanism accountable for the variations in phenological events 

in response to different environmental factors reacting on the plant (Gugger et al., 2015; 

Trunschke and Stocklin, 2017). 

Similarly, fruiting phenology is limited by abiotic factors, but only a few studies have 

addressed this relationship (Rathcke and Lacey, 1985), as high temperatures in temperate 

regions during the summer resulted in significant fruit mortality (Stephenson, 1981) with 

smaller fruit development (Thompson, 1983). Moreover, in tropics during the dry season, 

fruit produced were often abnormally small with nonviable seeds (Augsplirger, 1980; 

Thompson, 1983). Moreover, the environmental factors might have influenced the ripening 

rates by inducing metabolism in plants (Aalders, 1969). Development timing of fruit is 

stunted by high temperature (Tukey, 1952), drought or fire-initiated cone dehiscence and 

relative humidity controls the rate of seed dispersal (Van der pijl, 1972).  Fruiting 

phenology is the least studied in comparison to flowering and leaf phenology because of 

the difficulties in measuring offspring dispersal success (Rathcke and Lacey, 1985). 

However, the phenological patterns of flowering and fruiting were found to be interrelated 

with the changes in annual temperature and rainfall (Smythe, 1970; Foster, 1985; 

Heideman, 1989). Moreover, there is a correlation between seasonal rainfall and flowering 

phenology (Opler et al., 1976). Changes occur in environmental variables with the increase 

of elevation and differences in these variables, i.e., rainfall, temperature and exposure have 

an impact on the leaf phenology (Koptur et al., 1988; Fogelstrom et al., 2021).  In wet forest, 
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leaf phenology might be influenced by rainfall (Augspurger, 1982), as overall 

synchronization of leafing phenology is less between the species (Milton et al., 1982) 

though full synchrony within some wet forests were also observed (Koptur et al., 1988). 

Moreover, high temperature seems to influence the leaf initiation and leaf fall by extending 

their growing season (Fogelstrom et al., 2021) or by advancing and delaying leafing 

phenology (Zohner and Renner, 2019; Zani et al., 2020).  In addition, the phenological study 

provides a broad concept to provisional ecological services which is important for 

conservation actions (Dunham et al., 2018). 

In biological invasion, the phenological aspects of invasive alien plant species 

outcompeting native were not completely understood (Driess, 2016). The invasive alien 

plant species have created a ruckus all over the world, which continues to exacerbate 

(Seebens et al., 2017). Many theories suggest that invasive plants have a competitive edge 

over the native population (Cadotte and Lovett-Doust, 2002), because of functional traits 

that they possessed (van Kleunen et al., 2010; Mathakutha, 2019). In addition, invasive 

plants might have some traits that have higher values than coexisting native plants 

(McAlpine et al., 2008; Dickson et al., 2012). Identifying these specific traits of plants will 

help in predicting the invasiveness of a species that might become invasive in futures (Sakai 

et al., 2001; Pysek and Richardson, 2007). One of the important traits in invasive alien plant 

species is flowering phenology, a key trait for achieving high fecundity (Crawley et al., 

1996; Lake and Leishman, 2004; Lloret et al., 2005; Pysek and Richardson, 2007). While 

the fruiting phenology of invasive species is more favorable in comparison to native at the 

community level, whether it is overlap or not (Sallabanks, 1993; Gosper, 2004; Godoy et 

al., 2009; Lediuk et al., 2014). With the increasing climatic condition and disturbances, it 

seems phenology might have a role in the proliferation of invasive alien plant species (Field 

et al., 2007). Additionally, invasions were facilitated by the climatic change because of their 

sensitive phenology (Willis et al., 2010; Wolkovich et al., 2013) and basic niche theory of 

invasive species (Godoy et al., 2009). Certain fluctuation of resources (Davis et al., 2000), 

with the opportunity of invasion windows (Drake et al., 2006; Caplat et al., 2010) during 

the phenological vacant niche allows the invader species more success in rapid colonization 

in a region through early priority effects and invader plasticity (Wolkovich and Cleland, 

2011). The eastern Himalayan region of Indian Himalayan region is one of the fragile 

ecosystems (Diaz et al., 2003: Kanwal and Lodhi, 2018) in terms of climate change (Cruz 

et al., 2007; Xu et al., 2009). In Indian Himalayan region, many studies regarding 



- 19 - 
 

phenology response on climate change have been done during the recent years, especially 

on trees and shrubs (Shukla and Ramakrishnan, 1982; Ralhan et al., 1985; Rawal et al., 

1991; Kikim and Yadava, 2001; Saha and Sundriyal, 2010; Bisht et al., 2014; Negi et al., 

2021) following IPCC (2007).  

2.4 Ecological Impacts on Soil 

Impacts on above-ground terrestrial plant biodiversity and their dynamics by invasive 

species is globally sound but their effects on the below ground structure and functioning 

dynamics of soil system often received less attention (Kourtev et al., 2003; Raizada et al., 

2008). The success of invasive species in below ground system is related to the interaction 

between plant and soil biota, understanding this hypothesis can clearly show the effect of 

IAPS on soil biota (Reinhart and Callaway, 2006). Sometimes, the native species show 

negative plant- soil feedback in the same soil for consecutive generation while the IAPs 

response were likely positive plant soil-feedback in the same soil for several years 

(Vestergard et al., 2015), clearly indicating the soil biota have an important role in 

biological invasion (Yang et al., 2013). Plant and soil relationship is inter-dependent and 

changes each other over time, as they were important parts of terrestrial ecosystems (Wang 

et al., 2007). Therefore, IAPs introduction in native environment led to changes in many 

ecosystem services provided by plant communities (Castro-Diez et al., 2011). Any changes 

brought by IAPs in soil lead to sudden change in vegetation composition and their structure 

and these modification in physio-chemical properties led unbalance in Soil pH, moisture, 

temperature, organic matter and microbial activities (Ahmad et al., 2019).  

IAPs with the capacity to alter the local features of physio-chemical properties of soil 

through litterfall and root penetration (Jourgholami et al., 2021), have more advanced 

functional traits such as higher elevated and specified leaf, rapid growth as well as higher 

use efficiency thn native species (Kumar et al., 2021). Moreover, IAPs effects on soil were 

often associated with species-specific and site specific (Dassonville et al., 2008), for 

example Chromolaena odorata was able to reduce the heavy metals in polluted soil in 

Nigeria (Ayesa et al., 2018) and able to improve the soil quality of fallow cropping system 

of Lamto reserve in Ivory Coast (Tondoh et al., 2013). Similarly, Kone et al. (2012) also 

observed that C odorata in savanna improved the soil biology. Moreover, these species 

alter the soil in their favor according to its need to growth in tropical ecosystem (Wei et al., 

2017). 
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Morphologically, C odorata grows to 2- 3 m in height (Zachariades et al., 2009), but it can 

reach up to 2-6 m with support from other vegetation (Balangcod and Balangcod, 2021). 

The leaves were triangularly ovate, brittle stem, fibrous root system could penetrate 0.3 km 

inside the soil (Holm et al., 1977; Henderson, 2001; Zachariades et al., 2009; Sirinthipaporn 

and Jiraungkoorskul, 2017), white bluish-lilac flower colors (Moody et al., 1984) and 

narrow and oblong seeds with white hairs that turn to brown as it becomes dry (Zahara, 

2019). The plant thrives in a wide range of well-drained soil (Zachariades et al., 2009; 

Balangcod and Balangcod, 2021), with low fertility (Mandal and Joshi, 2014a) but does not 

tolerate shades or semi shades (Binggeli, 1996), waterlogged areas (Crutwell, 1972), frost 

(Binggeli, 1999) and high year-round rainfall areas (Kriticos et al., 2005). However, once 

established in any disturb areas such as open woodland and forest margins and gaps 

(Goodall and Erasmus, 1996; Prasad et al., 1996), it competes aggressively with the native 

vegetation leading to shading out (Lin et al., 2009). Additionally, it expands vigorously 

during rainy season; as a result, the vast number of fertile seeds produced leading to 

successful invasions (Swaine et al., 1997; Honu and Dang, 2000; Prashanthi and Kulkarni, 

2005). Although, McFadyen (1988), Binggeli (1999), Kosaka et al. (2010), and CABI 

(2024) stated that their favorable invasion altitude ranges from 1000-1500 m but distributed 

up to 2000-3000 m above the sea level (Timbilla, 1998; Gautier, 1992). Moreover, C. 

odorata is unpalatable and noxious to the livestock (Aterrado and Bachiller, 2002), leaving 

them as healthy invader as native were grazed by the animals. 

Eastern Himalaya, an ecological fragile mountain ecosystem with vulnerability to disaster 

(Diaz et al., 2003) is one of the global biodiversity hotspots and eco regions of the world 

(Myers et al., 2000; Brooks et al., 2006) as the region is formed due to convergence of the 

Palearctic and Indo-Malayan realm (Hua, 2012). Moreover, the region is beset with the 

issues of the plant invasion by C. odorata (Rai and Singh, 2021).  These species were 

introduced in India (Calcutta Botanical Garden) as ornamental plant in 1845 (Muniappan 

and Bamba, 1999) but spread to the north eastern part of India during the first world war 

(Singh, 2004), later found way to eastern Himalaya (Tripathi et al., 2006). The species had 

become a dominant and menace species in the lower altitude’s region of the eastern 

Himalaya with its ability to alter the dynamic ecosystem of native population (Lamsal et 

al., 2018).  

**************** 
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Chapter 3 

 

3.0 Study Area 

 

The present study area lies in the north eastern region of the Eastern Himalayan. The biggest 

Himalayan state in India, Arunachal Pradesh (AP; 26°28'-29°30'N and 91°30'-97°30'E), is 

located in this Eastern Himalayan region. It had an area of 83,743 km² and is physically 

isolated from the rest of the nation by impassable terrain. The international boundaries of 

Tibet to the north, Bhutan to the west, Myanmar to the east and southern border with 

Nagaland and Assam encircle this hilly state. The state had a population of about 13.82 

lakh, which is roughly 0.11% of India's total population. The population density is 

exceptionally low at around 17 people per km², in contrast to India's national density of 382 

people per km² (Census, 2011). The history of Arunachal Pradesh begins in the British 

Indian province of Assam, when it was known as the North-East Frontier Tract (IOP, 2019). 

It was renamed the North East Frontier Agency (NEFA) in 1951 upon post-independence 

and becomes a union territory in 1972. However, it again changes its name to Arunachal 

Pradesh, and becomes a complete state in 1987 with Itanagar as its capital (Osik, 1996). 

Moreover, the state is located in the transition zone between the Himalayan and Indo-

Burmese regions which is recognized as the one of the 25 mega biodiversity hotspots of the 

world (Myers et al., 2000) and also among the globally important eco-region out of 200 

(Olson and Dinerstein, 1998).   The state is considered as the paradise of the botanists due 

to huge repository of plant diversity (Kanwal and Lodhi, 2018) and many earlier explorers 

have left a vivid description as well as fascinating accounts of the region (Furer-

Haimendorf, 1962). The recorded forest cover of the state is 66431 km², which constitute 

79.32% of geographical area with reduction of 257 km² from the previous 2019 recorded 

data (FSI, 2021). The state had one-third of the region under the Himalaya and Indo-

Myanmar Biodiversity Hotspot, with five globally important eco-regions (Mittermeier et 

al., 2004). Moreover, biogeographic specific location of these regions contributes 

exceptionally high species diversity as the eastern Himalaya is the most species rich zone 

in Himalaya zone (Page et al., 2022).  

According to Chowdhury et al. (1996) nearly 50% of Indian flora occurred in this hilly state 

with an estimation of 7000-8000 flowering species (Datta, 2000). More than 500 orchid’s 

species have been recorded from the state (Chowdhury, 1998). Moreover, 100 species of 
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mammalian and over 600 species of bird species have been recorded from Arunachal 

Pradesh (Singh, 1994; Datta, 2000). Many ecologists have recorded several new rare 

species and first report from India (Captain et al., 2019; Wahlsteen and Borah, 2022; Borah 

et al., 2024) and yield many important discoveries (Kumar and Singh, 1998), yet many 

regions were still unexplored. Arunachal Pradesh is inhabited by 26 major tribes and 110 

sub tribes with each having different cultural and traditional beliefs (Tag et al., 2021). The 

ethnic tribes largely depend on wetland rice cultivation and shifting or Jhum cultivation 

followed by hunting, fishing and collection of forest products from the forest which also 

forms a part of their economy (Nimachow et al., 2008). Some of the major tribes were Aka, 

Adi, Apatani, Galo, Tai Khamti, Puroik, Mishimi, Monpa, Nyishi, Nocte, Sajolang, 

Singpho, Tagin, Tangsa and Wangcho (Bushi et al., 2021). These tribes developed a mutual 

relation with the surrounding forest in order to sustain their livelihood and have a good 

knowledge about traditional medicines because of their remoteness and majority of rural 

population (Nimachow et al., 2008; Bushi et al., 2021). Additionally, the plant and its part 

were used for food supplements, dyeing cloths, veterinary medicines, tribal rituals, 

handicrafts and local beverages (Murtem, 2000; Sarmah et al., 2000; Tag and Das, 2004).  

 

3.1 Study Site 

The intensive study was conducted in the core area of Pakke Tiger Reserve (PTR; 26o55’ 

to 27o15’N: 92o35’ to 93o10’E; Fig. 3.1) in Pakke Kessang district, Arunachal Pradesh).  

Pakke Tiger Reserve is located in the western part of sloping and rugged mountains region 

of Arunachal Pradesh in the Eastern Himalayas (Photo plate 3.1). PTR covered a total 

geographical area of 861.95 km², which accounts for 9.04% of the total protected areas of 

this eastern Himalayan state.  In addition, PTR covers 45% of the total areas of the newly 

formed Pakke Kessang district (1932 km²) of the Arunachal Pradesh state.  The story of 

PTR started with the formation of Pakhui Reserve Forest on 1st July 1966, which was later, 

converted into game reserve in 1977. However, in 2001, the reserve was renamed as Pakhui 

Wildlife Sanctuary but soon changes its name to Pakke Tiger Reserve on 2002 with the 

declaration of National Tiger Conservation Authority as 26th Tiger Reserve under Project 

Tiger. The PTR is completely circled from all sides- to the south and south-east, 349 km² 

long stretches is bounded by Nameri Tiger Reserve and National Park, Assam. To the east, 

the Pakke River and Papum Reserve Forest (1064 km²); to the west, the Bhareli or Kameng 

River, Doimara Reserve Forest (216 km²) and Eaglenest Wildlife Sanctuary; and to the 
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north, by the Bhareli River and Shergaon Forest Division. Moreover, until 1996, selective 

logging was occurred on commercial scale in the reserve.  

The terrain of the PTR and adjoining areas was rugged and undulating hilly mountain. The 

elevational ranges start from 150 m to 2050 m above the sea level. The reserve is governed 

by three Range offices namely Seijosa Range office, Tippi Range office and Riloh Range 

office, with their own area demarcated for jurisdiction. PTR have two major rivers i.e., 

Pakke and Bhareli or Kameng, which run through the reserve from the east, west and north 

direction. Moreover, PTR have three important streams inside namely-Khari, Upper 

Dikorai and Nameri, all running in southerly direction. Most of the higher hills and rugged 

mountains were in the northern side of the reserve with southward slope toward the 

Brahmaputra valley. In addition, the central and northern part of the reserve remains 

inaccessible due to rugged terrain and dense vegetation. In the south eastern side of the 

reserve, more than 20 villages and small settlements adjacent to the Pakke River with a 

population of more than 4000 adults’ villagers were located. The two main rivers of the 

reserve acts as obstacle to human disturbances, though villagers venture deep inside the 

reserve to hunt, fish, and collects forest produces like canes, bamboos, and trees. With the 

level of penetration, most of the PTR forest had easy access to nearby villagers except for 

the forest in southern boundary because of its dense vegetation, Pakke River and hilly 

terrain.        

  

 

3.2 Geology, Rock and Soil 

Majority of the soil in the Pakke Tiger Reserve was loam sandy soil with lower water 

holding capacity. Considering the significant amount of water, the soil receives throughout 

the year; it was often porous in nature. The hills have somewhat dep, wet, loamy, productive 

Photo Plate 3.1: Frontal entrance view and undulating landscape of Pakke Tiger Reserve. 
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soil with a top layer of humus (Datta, 2001). There were patches of thin soil with pebbles 

and stones underneath.  A layer of sandy loam with different depths and an upper layer of 

humus covers several small slopes on the sides of foothills and beside rivers and streams 

(Kumar and Solanki, 2009). The subsoil contains boulders and pebbles. Moreover, there 

were four types of rocks found in Pakke Tiger Reserve- low grade metamorphic rock, 

Bicham group of sedimentary rock, Gondwana group of gritty sandstones and carbonaceous 

shale and sedimentary rocks of tertiary period (Kesari, 2010). The majority of rock 

discovered in the reserve riverbeds were tertiary sedimentary rocks made up of of 

conglomerates, pebble and boulder beds, hard stone, and clay and silt-stone. 

 

3.3 Climate and Rainfall 

The Pakke Tiger Reserve experiences a tropical and subtropical climate and had cold 

weather from December to February. Moreover, rainfall occurs throughout the year because 

of the south-west monsoon (May- September) and the north-east monsoon (December- 

April; Datta, 2001). Almost 70-80% of rainfalls were received during the period of south 

west monsoon with thunderstorm often occurring in the months of March-April. However, 

there was relatively drier period from October to March where many deciduous trees start 

showing leaf fall (Kumar and Solanki, 2009). The Pakke Tiger Reserve had an average 

annual rainfall of 2500 mm and the velocity of wind was generally moderate. During the 

months of May to July, the reserve experience hottest period, with the average maximum 

temperature crossing above 30°C.  In addition, the reserve climate was very warm and 

humid during the months of June to September. The mean minimum temperature was 

15.58±5.37 and the mean maximum temperature was 30.19±4.18 while the average annual 

relative humidity was 78.48 based on the data from 2019 to 2022, 77.15±8.81 in 2021 

(phenology study year). The meteorological data (precipitation, relative humidity, 

minimum and maximum temperature) from January 2021 to December 2021 were recorded 

from west bank location (26°56  '40.9"N; 92°58'36"E) at an elevation of 566 (Fig. 3.1). These 

data were obtained from the NASA Earth Science/Applied Science Program-funded 

POWER Project at the NASA Langley Research Centre (https://power.larc.nasa.gov/).  

 

3.4 Vegetation Types 

The vegetation in the entire region was categorized as Assam valley tropical semi evergreen 

forest (Champion and Seth, 1968). In some areas, evergreen and semi-evergreen vegetation 

types blend seamlessly into each other. According to Champion and Seth (1968) and FSI   

https://power.larc.nasa.gov/
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A 

 

B 

Figure 3.1: Climatic parameters (A- Mean monthly maximum and minimum temperature 

and B- monthly precipitation and relative humidity recorded during the phenological 

observation in Pakke Tiger Reserve.  

(2009), the core research area encompasses five main forest types in the Pakke Tiger 

Reserve (Photo plate 3.2): Assam Alluvial Plain Semi Evergreen Forest (AAPSEF), East 

Himalayan Mixed Coniferous Forest (EHMCF), East Himalayan Subtropical Wet Hill 

Forest (EHSTWH), Non-Forest (NF) and Riverine Forest (RF). The forest had dense 

vegetation and multistoried with epiphytic flora, woody lianas, climbers, shrubs and herbs. 

The vegetation was very dense with high floral diversity. A total of 234 woody species have 

been reported from the lower region of the reserve by Datta and Goyal (1997). However, 
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the reserve was expected to harbor 1500 vascular species in which 500 species would be 

woody species (Datta, 2000). The forest had structural layered system with emergent 

species emerging out of all the species. The main emergent species in PTR were Tetrameles 

nudiflora, Ailanthus integrifolia and Liquidambar excelsa and they were of economic value 

(Singh, 1991). Hill tops and higher reaches were dominated by Castanopsis spp. and Mesua 

ferrea while the stream moist areas have profuse growth of bamboos, cane and palms. 

Isolated group of Bombax ceiba, Albizia spp. and Duabanga grandiflora were common 

near the rivers. The cover area of in each forest types of Pakke Tiger Reserve were 

calculated with the help of ArcGIS 10.6.1.  

 

3.4.1 Assam Alluvial Plain Semi Evergreen Forest 

The Assam alluvial plain semi evergreen forest starts from the riverbank and lowland 

foothills up to 600 m elevation of the reserve. The forest was represented by tall deciduous 

and semi evergreen trees with less uniformity in the top layer followed by evergreen trees, 

shrubs, climbers and lianas. This section of the forest were dominated by Tetrameles 

nudiflora, Bombax ceiba, Neolamarckia cadamba, Canarium strictum, Elaeocarpus 

aristatus, Liquidambar excelsa, and Gmelina arborea. Middle layer of this forest was very 

dense and with variety of undergrowth including canes and palms. Livistona jenkinsiana 

and some of the cane species occur in this mid-storey. Some of the common tree species- 

Ficus spp., Monoon simiarum, Pterospermum acerifolium, Pterygota alata and 

Cinnamomum glaucescens grows in association with the shrub’s species - Coffea 

benghalensis, Holmskioldia sanguinea, Strobilanthes spp., Clerodendrum spp., 

Chromolaena odorata and Urena lobata.  Moreover, many epiphytic orchid species 

including Arundina graminifolia were recorded from this forest. This forest had the highest 

presence of invasive alien plant species (IAPs) in the reserve. The total cover area of this 

forest was 390.69 km² and had a maximum coverage in the reserve. 

 

3.4.2 East Himalayan Mixed Coniferous Forest 

The east Himalayan mixed coniferous forest ranges from 400 to 1300 m elevation and had 

a total area of 364.51 km². It was represented by dense evergreen forest with mixed 

deciduous trees such as Magnolia spp., Ailanthus integrifolia and Liquidambar excelsa 

which were the dominant emergent tree species. The middle storey were composed of 

Syzygium spp., Dysoxylum gotadhora, Cinnamomum spp, Musa spp. and Phoebe 

lanceolate. Moreover, there was dense undergrowth of shrubs (Melastoma malabathricum, 
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Clerodendrum colebrookeanum, Chromolaena odorata, Phlogacanthus spp. and 

Dendrocnide sinuata) and herbaceous layer (Ageratum conyzoides, Hellenia speciosa, 

Eclipta prostrata, Sonchus oleraceus and Acmella paniculata). In addition, most of the trees 

were in closed association with epiphytic species.  

 

3.4.3 East Himalayan Subtropical Wet Hill Forest 

The east Himalayan subtropical wet hill forest occurs at the altitudes range of 900-2050 m 

above the sea level, with a total cover of 79.81 km². The hill forest was dense evergreen 

forest with dominant deciduous trees of good height and density. Castanopsis spp., 

Magnolia hodgsonii, Mesua ferrea and Kydia calycina were some of the dominant tree 

species in the top layer. Middle storey section of this forest was easily noticeable because 

varieties of medium sized evergreen trees (Schima wallichii, Magnolia champaca, Phoebe 

lanceolate, Morus macroura, Musa spp., Cinnamomum spp. and Stereospermum 

chelonoides) which were very catchy for the onlookers. In the lower section, shrubby 

undergrowth (Clerodendrum spp., Impatiens spp., Strobilanthes spp. and Chromolaena 

odorata) and herbaceous layer were always present but grasses was absent in this forest. 

Several climbers, ferns and orchids were also present in this forest.      

 

3.4.4 Non-Forest 

 The non-forest in the Pakke tiger reserve does not have forest canopy cover though it 

spread a total of 17.46 km² of the reserve. Most of the areas were covers with tall grasses 

(Cyperus spp., Saccharum spp., Imperata cylindrica and Thysanolaena latifolia), shrubs 

(Chromolaena odorata, Crotalaria pallida, Citrus medica and Urena lobata) and herbs 

(Ageratum conyzoides, Bidens pilosa, Crassocephalum crepidioides, Cuphea 

carthagenensis and Mimosa pudica) with one or two tree species (Albizzia spp. Dellenia 

indica, Macaranga spp. and Duabanga grandiflora) on it. These forests were always near 

the riverine forest and served as the grazing point of elephant, sambar, deer and small 

mammals. The altitudinal range of this forest was somewhat 150-250 m above the sea level. 

 

3.4.5 Riverine Forest 

The riverine forest (RF) was the forest along the main rivers and its streams inside the Pakke 

Tiger Reserve and it had the least cover area of 9.44 km², out of total area. Species like 

Albizzia spp., Bombax ceiba, Canarium strictum, Dillenia indica and Duabanga  
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Photo Plate 3.2: Dominant Forest types 

of Pakke Tiger Reserve- (A) Assam 

Alluvial Plain Semi Evergreen Forest, 

(B) East Himalayan Mixed Coniferous 

Forest, (C) Non-Forest, (D) Riverine 

Forest. 
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grandiflora form the upper layer storey, whereas Syzygium spp., Micromelum spp. and 

Holmskioldia sanguinea represented the next storey level.Moreover, they were in closed 

association with Alpinia spp., Hedychium spp. and Saccharum species. The elevational 

range of riverine forest was 150 m above the sea level. 

 

3.5 Fauna 

The Pakke Tiger Reserve was home to different varieties of birds (296), butterflies (284), 

snakes (46), mammals (60) and many other small species (Datta and Goyal 1997; Datta et 

al., 1998; Birand and Pawar, 2004; Sondhi and Kunte. 2014; Rambia and Rathore, 2022). 

The region had great mammal diversity because of its specific location. The PTR was home 

to six endangered mammal species, as listed by the IUCN Red List (Axis porcinus, Elephas 

maximus, Panthera tigris, Prionailurus viverrinus, Cuon alpinus and Manis pentadactyla) 

and ten vulnerable species (Bos gaurus, Rusa unicolor, Trachypithecus pileatus, Nycticebus 

bengalensis, Neofelis nebulosa, Pardofelis marmorata, ursus thibetanus, Arctictis 

binturong, Aonyx cinerea and Lutrogale perspicillata). Moreover, three large cat species 

(Panthera tigris, P. pardus and Neofelis nebulosa) share space with two canids (Cuon 

alpinus and Canis aureus indicus) in this reserve. In addition, the reserve give sanctuary to 

296 bird species (Datta et al., 1998; Birand and Pawar, 2004), in which six of them were 

globally threatened according IUCN List (Leptoptilos javanicus, Carina scutulata, Gyps 

bengalensis, Haliaeetus leucoryphus, Aceros nipalensis and Mulleripicus pulverulentus). 

Also, four species of hornbills were found in this reserve, three species (Buceros bicornis, 

Aceros undulates, Anthracoceros albirostris) were easily sighted in lowland and foothills 

but Aceros nipalensis was only sighted in the northern part of reserve which was a highed 

elevation zone. There is also report of three pheasant (Gallus gallus, Lophura leucomelanos 

and Polyplectron bicalcaratum) from the region (Selvan et al., 2013). Furthermore, there 

had been report of six turtles in which three were endangered/vulnerable species (Pyxidea 

mouhotii, Pangshura sylhetensis and Nilssonia hurum). Several studies have also reported 

significant faunal diversity from PTR (De et al., 2006). There were four primates (Kumar 

and Solanki, 2008) in PTR - the rhesus macaque (Macaca mulatta), Assamese macaque (M. 

Assamensis), the capped langur (Trachypithecus pileatus) and the Bengal or northern slow 

Loris (Nycticebus bengalensis). Furthermore, PTR was home to up to sixteen different 

species of mongooses, weasels, and viverrids. 

 



- 30 - 
 

3.6 Description of the Selected Invasive Alien Plant Species for the Study 

 A preliminary study was conducted in 36 different locations in the study region covering 

different forest types (AAPSEF, EHMCF, EHSTWH, NF and RF) along the accessible 

trails in the forested areas as well as motorable roads. Based on the preliminary study, nine 

IAPs were selected for the study established on the occurrence of these species and 

following Botanical Survey of India invasive list (BSI, 2020) in different forest types of 

Pakke Tiger Reserve. Brief description on each of the selected IAPs were given below 

(Photo plate 3.3):   

 

3.6.1 Ageratum conyzoides L. 

Ageratum conyzoides (Asteraceae) is an erect annual herb, endemic to tropical America and 

expanded globally in tropical and subtropical regions (Wagner et al., 1999; Reddy, 2008). 

These species were included in the list of top hundred worst invaders (GISD, 2010) and had 

the capability to colonize any open degraded areas i.e., agriculture fields, forests, wasteland 

and pasture (Kohli et al., 2006). The word Ageratum conyzoides comes from the Greek 

word “ageras” which mean non ageing while the species name derived from the word 

“Konyz”, because of its resemblance to Inula helenium L. (Kissmann and Groth, 1993). The 

English name- “Billy goat weed or Goat weed” comes from its unusual scent, which was 

similar to that of a male goat (Okunade, 2002). Ageratum conyzoides can grow in variety 

of habitats as they were highly adaptable, particularly the disturbed sites (Kohli et al., 2006).  

Currently, these species were distributed throughout the world (Xaun et al., 2004), reaching 

up to the elevation of 3000 m above sea level in the eastern Himalaya (Kosaka et al., 2010).  

In India, prior existence had been reported by Hooker (1882) in “The Flora of British India”, 

but it was believed to be introduced during 1960s as an ornamental plant which later 

attained the status of invasive in national level (National Focal Point for APFISN, 2005). 

Moreover, there had been report of Ageratum conyzoides becoming menace in different 

region of India (Kaur et al., 2012), especially north western Himalaya and eastern Himalaya 

(Kohli et al., 2006; Dogra et al., 2009).  Despite the invasive reputation, these species have 

been widely used in traditional medicines throughout the world (Ming, 1999; Okunade, 

2002; Santos et al., 2016; Kaur et al., 2023).  
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Photo Plate 3.3: Selected IAPs for the 

study (A) Ageratum conyzoides, (B) 

Bidens pilosa, (C) Chromolaena odorata 

(D) Mikania micrantha, (E) Synedrella 

nodiflora, (F) Solanum torvum, (G) 

Solanum viarum, (H) Triumfetta 

rhomboidea and (I) Urena Lobata 

 

 

 

3.6.2 Bidens pilosa L. 

Bidens pilosa (Asteraceae) is an erect annual herb, native to tropical America which widely 

distributed throughout the tropical, sub-tropical and warm temperate region of the world 

(Ballard, 1986; Reddy, 2008; Bartolome et al., 2013). These species can invade a wide 

range of habitats such as grasslands, forest margins, secondary forests, wastelands, 

wetlands, roadsides, disturbed land and agricultural fields (GISD, 2024), which led to 

outcompete the native flora and fauna in the introduced region (Ng et al., 2011; Davidse et 

al., 2018). Bidens pilosa is considered as obnoxious, ruderal invasive weed globally because 

of explosive reproductive, reducing yield of the next standing crop and capacity to flourish 

in almost any environment condition (Holm et al., 1977; Young et al., 2010; Silva et al., 

2011; Arthur et al., 2012; Kato-Noguchi and Kurniadie, 2024).  However, its introduction 

is unknown in India with probability during 1800s, though Clarke (1876) and Hooker 

(1882) mentioned their presence in their respective book “Compositae Indicae” and “The 

Flora of British India” as an ornamental plant. Moreover, this species was listed as highly 
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invasive and environmental nuisance in more than 40 countries of the world (Davidse et 

al., 2018) and have reached 3000 m altitude in the Indian Himalayan region (Kosaka et al., 

2010). Considering this plant’s detrimental effects on the ecosystem, it was frequently 

utilized in traditional medicines all around the world (Silva et al., 2011; Arthur et al., 2012; 

Kato-Noguchi and Kurniadie, 2024).  

 

3.6.3 Chromolaena odorata L. 

Chromolaena odorata is a free-standing invasive shrub species of Asteraceae family, also 

referred as Siam weed due to its “spreading in from Siam” (Burkill, 1935). This species can 

invade different types of ecosystems such as tropical rainforests, humid tropical and 

subtropical forests (McFadyen and Skarratt, 1996; Raimundo et al., 2007) because of wide 

tolerance of climate (Kriticos et al., 2005). In addition, C. odorata had been listed in the 

100 worst invasive alien plants and troublesome weed in the world (Lowe et al., 2000; Yu 

et al., 2014). C. odorata introduction to Calcutta Botanic Garden in India as an ornamental 

plant in 1845 was reported as first entry to Asia, later spread to neighboring countries 

(Muniappan et al., 2005). C. odorata had caused serious problems in the vacant areas where 

it had invaded such as roadsides, open spaces and forest clearings (Azmi, 2002). The 

species can grow in all types of soils with low fertility where disturbance had been created 

(Mandal and Joshi, 2014a), reaching an elevation up to 2000-3000 m above the seas level 

(Gautier, 1992). However, it had reached up to 1500 m elevation in Indian Himalayan 

region, which was the most fragile mountain ecosystem in the world (Diaz et al., 2003; 

Kosaka et al., 2010). Moreover, the eastern Himalaya region is more prone to invasion by 

C. odorata due to increasing anthropogenic disturbances and climate changes (Barik and 

Adhikari, 2012). Though the species is regarded as the most invasive and harmful species 

in the world, it had many medicinal importance- wound healing (Sirinthipaporn and 

Jiraungkoorskul, 2017), antipyretic and analgesic (Owoyele et al., 2008), anti-inflammatory 

(Suksamrarn et al., 2004), antimicrobial (Stanley et al., 2014) and diuretic (Zahara, 2019).  

 

3.6.4 Mikania micrantha Kunth 

The climbing perennial weed Mikania micrantha, which is endemic to tropical America, 

belongs to the Asteraceae family is the world most notorious weed (Cronk and Fuller, 1995; 

Day et al., 2016). M. Micrantha was considered as one of the top ten worst weed in the 

South-east and South Asia (Zhang et al., 2004) and also listed in top 100 worst weed in the 
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world (Lowe et al., 2000). Upon establishment, it eradicates adjacent plant by limiting light 

under its canopy (Haung et al., 2000), thereby posing a serious threat to the biodiversity 

(Wang et al., 2004; Zhang et al., 2004). M. Micrantha can thrive in any habitats -along the 

stream, roadsides, forest edges, fence-line, pasture and plantation (Day et al., 2012). 

Additionally, it can tolerate flooding which may be one of the important factors in their 

distribution (Yue et al., 2019) and can reach up to 3000m elevation above the sea level 

(Holm et al., 1977). These species were introduced into India during 1940s because of its 

vibrant growing nature to use as camouflage for military equipment or as cover plant for 

tea plantation (Reddy and Raju, 2009; Tripathi et al., 2012). According to Parker (1972), 

these species was troublesome in the northeast and southwest part of India. M. Micrantha 

can also be utilized in many ways, i.e., as rat poison (Holmes, 1975), as topical ointment 

(Sankaran, 2015), to treat cut and nausea (Day et al., 2016), as anticancer and anti-

inflammatory (Sheam et al., 2020).  

 

3.6.5 Solanum torvum Sw. 

Solanum torvum is an invasive perennial andromonoecious shrub (Chou et al., 2012), native 

to West Indies (Welman, 2003), very common in forest clearing, pastures and disturbed 

areas (Martina et al., 2021). According to Yang et al. (2014), S. torvum was considered as 

invasive plant in more than 32 countries globally because of its weedy and opportunistic 

characters such as plentiful fruits with large number of seeds (Welman, 2003). These 

species were adaptive across various soil types from near sea level to an altitude of 2000 m 

and very drought-resistance (Lim and Lim, 2013). Moreover, S. torvum had become 

naturalized across the humid tropics and subtropics regions of the world (Francis, 2004). It 

was first introduced in India in 1825 (CABI, 2024) and had become culturally importance 

due to its multiple uses (Areces-Berazain, 2016). The species can tolerate mild shadow or 

partial shade throughout the day and grows well in full sunlight, but it cannot thrive under 

a closed forest canopy (Francis, 2004). However, every portion of the plant was used in 

traditional medicine to cure various ailments, including anemia, malaria, diabetes, 

respiratory disorders, skin infections, jaundice, epileptic, hypertension and snakebites (Fui, 

1992; Welman, 2003; Schippers, 2004; Kala, 2005). In addition, fruit of these species was 

used as vegetables in different parts of the world (Lim and Lim, 2013).  
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3.6.6 Solanum viarum Dunal 

Solanum viarum, commonly known as tropical soda apple, is a perennial seed propagated 

weed which belongs to the family of Solanaceae (Randall, 2012). This species is native to 

tropical America (Reddy, 2008) and later introduced to Africa, India, Nepal, China, West 

Indies and Mexico (Chandra and Srivastava, 1978; Coile, 1993; Mullahey et al., 1993), 

where it had invaded both agricultural and natural ecosystem (Mullahey and Akanda, 1996). 

In addition, S. viarum is expected to disseminate to several other subtropical regions around 

the world (Nee, 1991; Bovini et al., 2014). However, its introduction to India is unknown, 

though GISIN (2008) and Singh et al. (1998) confirmed it’s throughout distribution from 

the Himalayan foothills in the north to the Nilgiris in the south of India. The species had a 

reach up to 2000 m elevation in the Himalayan region (Parker, 1992) and anticipated to 

penetrate the whole eastern Himalayan Forest region of Asia (Qi et al., 2023). S. viarum is 

an aggressive invasive plant which can outcompete native vegetation by crowding or 

shading them out (Waggy, 2009; Medal et al., 2012), thereby impacting the germination 

and establishment of native species (Medal et al., 2012).  Despite its therapeutic importance 

in treating cancer, rheumatic, arthritis and Addison’s disease (Chandra and Srivastava, 

1978; Satyabrata et al., 2000; Nayak and Patil, 2001), the loss of species, harm to human 

health and livestock and financial losses it generates in many ecosystems ae quite 

concerning (Singha et al., 2016).  

 

3.6.7 Synedrella nodiflora (L.) Gaertn. 

Synedrella nodiflora is a dominant invasive weed (Maryanto et al., 2021), native to West 

Indies (Reddy, 2008; Wagh and Jain, 2018) and a member of Asteraceae family (Gaertner, 

1791). The name of this plant is derived from Greek word “Synedros”- meaning placing 

together, i.e., crowdedness of small flower and species name “nodiflora” describe the 

clustering of flower around the nodes (Usharanai and Raju, 2018; Tun, 2020). S. nodiflora 

had been reported as the troublesome weed in seven countries (Holm et al., 1991) and now 

thoroughly distributed in warmer tropical and subtropical region of 50 Countries including 

the Australia, China, India, Indonesia, Philippines and the Caribbean (Holm et al., 1997).  

S. nodiflora may benefit from phenotypic plasticity since it might boost adaptive response 

(Liu et al., 2016) which helps in reaching the elevation of 1900 m above the sea level 

(Bernal et al., 2015). Moreover, the species invasive traits, i.e., allelopathy activity reduces 
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the growth of surrounding vegetation (Ghayal et al., 2010), thereby promoting invasion 

(Mooney and Cleland, 2001). Introduction of S. nodiflora to India is unknown but it had 

been reported from several state (Chauhan and Johnson, 2009; Haque et al., 2012; Usharani 

and Raju, 2018). Regardless of invasive nature, S. nodiflora seem to have medicinal values 

used as vegetable in different part of the world (Burkill, 1985; Rathi and Gopalkrishnan, 

2005; Idu and Onyibe, 2007, Adjibode et al., 2015; Tun, 2020). 

 

3.6.8 Triumfetta rhomboidea Jacq. 

Triumfetta rhomboidea, a facultatively autogamous and perennial shrub (Raju and Rani, 

2017), originated from tropical America (Reddy, 2008; Acevedo-Rodríguez and Strong, 

2012) belongs to the family of Tiliaceae. T. rhomboidea is a competitive and invasive 

species (Wells et al., 1986), which is widely distributed in the tropical region of Africa, 

America, Asia and Australia (Bayer and Kubitzky, 2003; Iqbal et al., 2010). The species is 

listed as one of the major weeds in the Pacific and Asia region (Moody, 1989; Waterhouse, 

1997), capable of adapting in variety of soil and environmental conditions (Iqbal et al., 

2010). These species were reported to have invaded pastures and forest disturbed areas 

preventing the establishment of native vegetation (Wells et al., 1986) and develops hazard 

to human as well as livestock in forested region where these plants were abundant 

(Motooka, 2003). Due to its fruit having spiny hooked (Raju and Rani, 2017), T. 

rhomboidea can easily transported into new area up to 2700 m above the sea level 

(Valkenburg and Bunyapraphatsara, 2001; Whitehouse et al., 2001). Moreover, its 

eradication is very difficult because of its woody bases and robust rot systems (McCormack, 

2007). Additionally, T. rhomboidea had become a major part of traditional medicine for 

treatment of various ailments such as tumours, gonorrhea, leprosy, diarrhea and intestinal 

ulcers (Singh et al., 2020; Kendre and Watke, 2023). Although it is uncertain how T. 

rhomboidea was introduced to India, reports from many states were available (Singh et al., 

2020). 

 

3.6.9 Urena lobata L. 

Urena lobata is an aggressive noxious weed (Austin, 1999; Randall, 2012), originated from 

tropical Africa (Reddy, 2008; Akomolafe and Rosazlina, 2023) and a member of Malvaceae 

family. U. lobata can grow in variety of soil (Harris, 1981) and had become globally 

widespread in all tropical and subtropical regions (Ong, 2001; PIER, 2012). These species 
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potentially modify and outcompete the native flora under suitable environmental condition 

but intolerant of shade (Francis, 2000; Martin and Chanthy, 2009; Florida Exotic Pest Plant 

Council, 2011). In addition, U. lobata seems very versatile which help in formation of 

monospecific stand (Langeland et al., 2008), due to its spiny hooked fruit that aid in 

invading to new areas (Austin, 1999; Francis, 2000). These species can be found growing 

in different types of habitats such as forest, wetland, roadsides, cropland, swampy areas as 

well as salt marshes (PIER, 2012; Sekar, 2012) and elevated to an altitude of 2000 m 

(UTPD, 2014).  Despite its invasiveness, U. lobata is cultivated and traditional used in 

many tropical countries (Babu et al., 2016; Islam and Uddin, 2017). However, there were 

reports from many states (Sekar, 2012; Ray et al., 2019), despite the fact that the 

introduction of U. lobata to India is unclear till now. 

 

All these species have been reported from various parts of Arunachal pradesh, but very 

limited studies were there on their invasion aspect. According to Singh et al., (2021) show 

unambiguously that IAPs were ascending at greater altitudes than their usual habitat.  

Ageratum conyzoides is one of the most dominant and invasive species under the canopy 

of Dendrocalamus hamiltonii in tropical forests of Arunachal pradesh because of their 

shade tolerant nature which allows it to become established and maintain dense populations 

within the understorey (Arunachalam and Arunachalam, 2002; Singh et al., 2002; Kaur et 

al., 2012). Bidens pilosa had been recorded from Arunachal pradesh by few researchers 

(and reported that this species may be spreading in the himalayan region (Kosaka et al., 

2010; Singh et al., 2021). Chromolaena odorata is a dominant weed at lower altitudes and 

invaded the degraded forest and abandoned jhum fallows in the north eastern region (Rao, 

1977). Mikania micrantha invades the new areas, suppressing the growth of the associated 

plant species and forming a dense cover over the host plant reducing their ability to receive 

light at lower altitudes in north eastern India (Tripathi et al., 2012). Solanum torvum is 

widely distributed in north eastern India (Deka et al., 2012) and is known to be an ethno-

medicinal plant species in the eastern Himalayan region (Bushi et al., 2021). Solanum 

viarum often occupies the space of neighboring plants affecting the growth of native plants 

in the forested areas (Welman, 2003) and reported to have ethno-medicinal values (Bushi 

et al., 2021). Synedrella nodiflora is a noxious weed and generally found along roadsides, 

in open or partial shady and moist places in association with Ageratum conyzoides, Bidens 

pilosa, Cynodon dactylon and other herbaceous plants (Lal et al., 2009). Triumfetta 

rhomboidea was generally found in open places, along the roadsides and forest margin in 
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the north eastern region and traditionally used to cure gonorrhea by tribal communities 

(Monlai, 2013; Balkrishna et al., 2021). Similarly, Urena lobata had also been reported 

from Arunachal pradesh and commonly found along the roadside and forested areas 

(Monlai, 2013). Moreover, this species is widely used for treating malaria and pneumonia 

by the tribal communities of this region (Wangpan et al., 2019). 

 

3.7 Nativity 

In order to ascertain the nativity of the species, the Index Kewensis Plantarum 

Phanerogamarum and its supplements (Anonymous, 1883–1885; 1886–1970) was utilized. 

This method recognizes the species only originated from the Himalayan region and Indian 

Orientals were considered as native; all other species were regarded as non-native or alien 

to the area. The World flora online (WFO) plant list (http://www.worldfloraonline.org/ and 

http://powo.science.kew.org/) and articles by Reddy (2008), Chevalier (1947), and Kuete 

(2017) were used to identify the nativity of the species in cases where the data was 

unavailable in Index Kewensis Plantarum Phanerogamarum and its supplements 

(Anonymous 1883–1885; 1886–1970). 

******************* 
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Chapter 4  

 Distribution and Invasion Patterns of Selected 

Invasive Alien Plant Species  

4.0 Introduction 

Forests occupy around 30 to 40% of the territory covered by vegetation on Earth (Waring 

and Schlesinger, 1985). Forests are predicted to inhabit most landscapes where annual 

precipitation exceeds around 25 cm, with the exception of polar areas where energy 

restrictions limit vegetation development (Neilson, 1995). Forests play a significant role in 

biospheric processes, but 60,000 km² of primary forest are lost or altered annually. Despite 

this, primary forests still account for more than one-third of all forests (Vitousek, 1994; 

FAO, 2006; Schmitt et al., 2009). Forest ecosystems supply a wide range of goods and 

services, including fuelwood, food, timber, and non-timber forest products (NTFP). The 

Millennium Ecological Assessment (MEA, 2005) categorizes these ecological functions as 

delivering, regulating, sustaining, and cultural. Forests may support high levels of 

biodiversity, with tropical forests standing out for their concentration of endemic species 

and species richness (Mittermeier et al., 1998; Brooks et al., 2006). Forest and tree cover 

make up nearly one-fourth of India's geographical area, with natural forest accounting for 

approximately 64% (FSI, 2021). 

Mountain ecosystems account for about 25% of terrestrial biological diversity and cover 

27% of the planet's physical area (Körner, 2000). However, mountain ecosystems are 

susceptible to the rapid pace of global development (Körner and Spehn, 2019) and must be 

conserved before annihilation. Because vegetation in mountain ecosystems belongs to the 

first trophic level, it must be well recorded and measured (Khan et al., 2012). When 

analyzing vegetation, records that include a broad variety of features of plant diversity are 

https://doi.org/10.54207/bsmps1000-2024-37B3J1
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particularly useful (Kier et al., 2005). The value of recording plant variety in mountain 

ecosystems cannot be overemphasized, especially given recent changes in land use, 

infrastructure development, unsustainable tourism, habitat fragmentation, and climate 

change (EEA, 2002). However, several early explorers and scholars examined the forest 

vegetation of the eastern Himalayan area in depth (Hajra et al., 1996, 2008, 2009; Roy and 

Behera, 2005; Deb et al., 2008; Dutta et al., 2013; Saikia et al., 2017). Furthermore, the 

eastern Himalayan area is particularly rich in endemic and non-endemic species that must 

be protected from ever-increasing human activity (Saikia et al., 2017).  

IAPs presented a special threat in this sensitive environment by altering the forest's species 

composition, resulting in a variety of negative changes (Fei et al., 2014). Policymakers and 

land managers have expressed worry about IAPs' mechanisms for invading their introduced 

areas or regions (Pathak et al., 2019). Control over them is critical, given their potential to 

inflict financial and environmental damage (Rai and Singh, 2020). The first and most 

important stage in developing a management strategy for an alien plant is determining its 

distribution within its newly extended range (Auld and Johnson, 2014). Studying diverse 

forest types might substantially improve our knowledge of IAP invasion patterns and 

management tactics (Pathak et al., 2019; Dhakal et al., 2024). Studies across various forest 

types may help us understand how plant communities operate and develop in response to 

environmental changes and establishment limitations (Verheyen et al., 2003; Verstraeten et 

al., 2013). Furthermore, Lazzaro et al. (2020) demonstrated that IAP invasiveness 

influences forest patterns and community organization. As a result, it is critical to assess 

the invasiveness of alien plant species in different forest types, as well as their distribution 

patterns. 

There is a dearth of research on plant invasion patterns in various forest types from the IHR 

(Kosaka et al., 2010; Mandal and Joshi, 2014a; Pathak et al., 2019; Mehra et al., 2023), 

despite extensive research on the subject worldwide (Ohsawa, 1986; Pysek et al., 2002; 

Vilà et al., 2007; Fei et al., 2008; Hernández et al., 2014; Dyderski and Jagodzinski, 2021). 

Even though the east Himalayan region had seen relatively little invasion research, only 

Kosaka et al. (2010) have studied the distribution along elevation gradients. As a result, 

there is no empirical dataset or proof of any dominant IAPs study, and the eastern 

Himalayan area is totally devoid of biological invasion research. Notwithstanding notable 

progress in the cataloguing of alien plants, much remains unclear regarding the degree of 
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invasion in various habitats and the habitat preferences of specific alien species in specific 

regions (Chytrý et al., 2005). Because of this, it is necessary to do a thorough study on 

biological intrusions and assess their impact on the local ecology. Considering the 

aforementioned, the current study would be a major attempt to assess the invasiveness and 

distribution patterns of IAPs in different kinds of forests in the Himalayan region. 

Therefore, the results of the research should further our understanding of the impacts of 

plant invasion and provide recommendations for possible management approaches for both 

the IHR as a whole and the region in particular.  

4.1 Methodology 

The data collected from the various PTR forest types forms the basis of the methodology, 

which is explained below: 

4.1.1 Distribution and Invasion Assessment 

The study, which aimed to conduct an extensive investigation, was carried out in five 

distinct forest types: the Assam Alluvial Plain Semi Evergreen Forest, the East Himalayan 

Mixed Coniferous Forest, the East Himalayan Subtropical Wet Hill Forest, the Non-Forest, 

and the Riverine Forest of PTR (Champion and Seth, 1968; FSI, 2009). According to Bapu 

and Nimasow (2017), the range's forest cover had seen notable changes, which led to the 

selection of different kinds of forests. Using ArcGIS 10.6.1 in the research region, a 5 × 5 

km spatial grid was created in the GIS domain, to which all sample data were spatially 

associated (Fig. 4.1). Mungi et al. (2021) have determined that the 25 km² spatial scale is 

suitable for comprehending the evaluation of IAPs within the research region. In each grid, 

a number of plots ranging from three to fifteen were spread out to check for invasion and 

distribution. The five forest types were identified using the GIS domain. In order to 

document the shifting vegetation, the plots were arranged at random within the vicinity of 

the accessible and covered IAPs, maintaining a minimum distance of 400 m. Two hundred 

and eight sampling plots of 20m x 20 m were placed up for data collection in these five 

forest types; the samples included 65 in AAPSEF, 84 in EHMCF, 27 in EHSTWH, 16 in 

NF, and 16 in RF, respectively (Table 4.1). 

Individual-based rarefaction and extrapolation curves were used as a unified method to 

assess the species richness for each kind of forest. In order to ensure sampling 

completeness, the nonparametric estimator values from chao estimation (Chao et al., 2020), 
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individual rarefaction values from PAST Software version 5.1 and observed values from 

the sample plots were compared with the maximum richness in each forest type. The 

richness calculated from the sampled based rarefaction curves was used to evaluate the 

richness of various forest types with distinct effort. The species accumulation curve is 

presented to measure the sampling efficacy for the full research region. The diversity of 

IAPs and their relative contribution to the overall species richness, or the percentage of                                                                      

the entire community cover that they comprise, were measured to determine the extent of 

invasion (Hierro et al., 2005). In order to understand the level of invasiveness in each forest 

types, the cover percentage of each chosen species in the sample plots was measured to 

gauge the invasiveness of various forest types in order to track the invasion of the chosen 

IAPs across them. The mean cover had been used to extrapolate to the hectare level, 

indicating the invasiveness of certain IAPs in various forest types. Moreover, the study 

more focused on the relative densities and relative abundance, instead of assuming they are 

same, following Curtis and McIntosh (1950). As relative density gives the proportional of 

individuals of a particular species relative to the total number of the individuals of all 

species communities whereas relative abundance provides a sense of evenness of the 

community and often uses the number of individuals.     

4.1.2 Vegetation Sampling 

The present study was conducted in five different forest types namely, Assam Alluvial Plain 

Semi Evergreen Forest, East Himalayan Mixed Coniferous Forest, East Himalayan 

Subtropical Wet Hill Forest, Non-Forest, and Riverine Forest of Pakke Tiger Reserve 

(Champion and Seth, 1968; FSI, 2009) To determine the richness and distribution of 

Invasive Alien Plant species, a survey of the flora inside the core region is conducted using 

the following techniques: 

a) Reconnaissance survey: Prior to the actual vegetation sample, a reconnaissance 

survey was carried out at the intended research site to see if the chosen IAPs were present 

in the area. To get a better understanding of the core region, a total of 36 distinct locations 

around the study site and within the PTR's five forest types were studied. The survey 

locations were located in steep terrain, lower plains, riverine habitats, meadows, and 

accessible by trails and motorized highways. The survey was done from 7 November, 2019 

to 25 December, 2019. 
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Figure 4.1: Map of the study area with survey location points across different forest types. 

b) Vegetation sampling design: Between September 2021 and February 2023, sampling 

was carried out in all five forest types within the study area in order to determine the overall 

diversity spectrum and to ensure that all plant diversity. For the phytosociological survey 

in the research region, 3–15 plots with a 500 m gap between each plot were put up at each 

sample location (grid), contingent on space availability and accessibility. For the purpose 

of gathering data, a random sampling procedure was carried out at each of the five distinct 

forest types' research plots. The nested quadrat design was used to quantify the flora (Misra, 

1968; Peet et al., 1998; Rai, 2006). Traditional sampling plots were 20×20m for the trees, 

and two 5×5m plots for the shrubs and saplings were placed at the diagonal corners. To 

measure the greatest involvement of many species in the survey's interpretative quality, five 

1×1m plots for herbs and seedlings were placed at each of the four corners and one in the 

middle of the 20×20m plot.  
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Table 4.1: Details of sampling efforts across five forest types of the Pakke Tiger Reserve. 

 

 

 

Figure 4.2: Diagrammatic representation of the research design for evaluating the 

vegetation in the studied area. 

 

According to Dash et al. (2021), circumference was used to distinguish between three tree 

life stages: mature trees (C > 31.5 cm at 1.37 m above ground level), saplings (C = 10.5–

31.4 cm), and seedlings (C < 10.4 cm). The total cover of the species within each category 

was computed for each vegetation plot, and the number of species within each of these 

categories was recorded. Moreover, the levels of invasion in all IAPs in each forest types 

are expressed as the proportion of IAPs to total number of species per site (Proportion of 

Forest 

types 

Area 

(km²) 

Plots 

(400m²) 

    Total 

individuals 

No. of       

trees 

No. of 

shrubs 

No. of 

herbs 

AAPSEF 390.69 65 137 59 23 55 

EHMCF 364.51 84 133 67 21 45 

EHSTWH 79.81 27 81 36 15 30 

NF 17.49 16 77 33 16 28 

RF 9.44 16 80 37 15 28 
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IAPs =Number of IAPs/Total number of species x 100). Figure 4.2 offers the schematic 

sample plan for the phytosociological investigation. For each forest type, a separate record 

of the floral composition of the specific sample site is kept for the epiphytes, lianas, and 

climbers along their host. 

 

c) Sampling strategy: One of the most important steps in conducting ecological research 

is choosing an appropriate sampling method that will ensure the collection of trustworthy 

data for statistical analysis and ecological inference (Swacha et al., 2017). The field data 

for the current investigations were gathered using the stratified random sampling (SRS) 

approach (Hansen et al., 1953). According to Roleček et al. (2007), the SRS helps acquire 

variable data sets with appropriate representations of plots created in unusual vegetation or 

forest types while avoiding the source of bias. Furthermore, Goedickemeier and Kienast 

(1997) found that it accurately depicts the vegetation pattern with modest sampling effort.  

Given that the existing quadrats usually have a square frame, there is a strong possibility 

that they will sample a species inside them. Comparable samples from areas with consistent 

size and shape may be gathered by using a quadrat (Peet et al., 1998; Sharma, 2005). 

Sampling was conducted in the PTR's hilly and mountainous terrain across a variety of 

forest types at varying elevations and slopes. The kind of survey determines the quadrat 

size, which is often established experimentally in the field (Misra, 1968). A standard 

Eastern Himalayan quadrate size was used for this research investigation (Das and Lahiri, 

1997; Rai, 2006). The tools and equipment utilized in the field research include a GPS 

(Garmin eTrex 10), measuring tape (100 m), tailor's tape (1.5 m), field notebook, Ziplock 

polythene bags, a nylon rope, a white coloured flag, colour tags, pens, pencils, sharpeners, 

erasers and data sheets. 

d) Specimen identification: A thorough floristic study was carried out on both motorized 

roads and the accessible paths in the forested geographic areas. Every item was captured on 

camera, and detailed descriptions along with its local names, GPS coordinates, uses, habitat, 

date, and survey day were entered into the field notebook. While many of the species were 

recognized in the field, those that could not be identified were collected and examined at 

the herbariums of the Botanical Survey of India (Itanagar-Regional Centre) and the Wildlife 

Institute of India (Dehradun). Furthermore, the plant specimens were identified following 

the references of Bor (1940), Hajra et al. (1996, 2008, 2009), Reddy (2008), and Kanjilal 

(1934, 1936, 1938, 1939, 1940).   
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e) For the nomenclature and the family delimitation for each species 

<https://wfoplantlist.org/, https://www.ipni.org/and https://powo.science.kew.org/> were 

consulted. The collected specimens and photographs were deposited in the herbarium of 

Wildlife Institute of India (Dehradun). 

4.1.3 Data Analysis 

Various species diversity indices were computed using Paleontological Statistics (PAST) 

software, version 5.1 (Hammer et al., 2001) and R software, version 4.3.3.  The density data 

were reported on a per hectare basis after being averaged across the plots. The total number 

of species for each kind of living form in the sampled region was used to calculate species 

richness. The created datasets were examined to determine the extent of an alien species 

each of the five distinct forest types contributed. The methods for determining each species' 

important value index, basal area, density, abundance and frequency in the community were 

analyzed by following Curtis (1959), Misra (1968), Mueller-Dombois and Ellenberg 

(1974), Sharma (2005); Basistha et. al. (2010). The species diversity in a given community 

was determined using a variety of diversity indices, including those developed by Shannon 

and Wiener (1963). Whitford (1949) proposed the abundance to frequency (A/F) ratio as a 

measure of contagiousness, and it was used to compute the distribution pattern of plant 

species. According to Curtis and Cotton (1956), the ratio indicates regular (0.025), random 

(0.025-0.05), and infectious (>0.05) dispersion. For the analysis of invasiveness in 

sampling plots in each five forest types were done by following Chytrý et al. (2005), 

Adhikari and Babu (2008), Medvecka et al. (2018) and Chaudhary et al. (2019). Jaccard 

similarity coefficient was employed to study the association of invasive plant species 

between forest types following Mao et al. (2023). The level of invasion in each different 

forest types are analyzed by following Dar et al. (2018).  Moreover, sampling completeness 

was obtained using the iNEXT package in Software R 4.3.3 by following Gotelli and 

Colwell (2011) and Chao et al. (2020). The kernel density estimation method of species 

abundance was used to simulate the distribution pattern of the selected species in the study 

area following Chengzhen et al. (2000). All the related formulas used in the analysis were 

given in Box 1. 

https://wfoplantlist.org/
https://www.ipni.org/and
https://powo.science.kew.org/
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Box 1. Formulae’s for calculating different vegetation parameters 

 

 

Density =                                   
Numbers of individuals of a species in all quadrats

Number of quadrats studied
 

 

Relative density (RD) =                
Density of a species    X    100

Density of all species
 

 

Frequency =                             
Number of quadrate of occurrence of a species   X    100

Number of quadrats studied
 

 

Relative frequency (RF) =             
Frequency of a species   X    100

Frequency of all species
 

 

Abundance =                               
Number of individuals of a species

Number of quadrat of occurrence of a species
 

 

Relative abundance =                    
Abundance of a species  X  100

Abundance of all species
 

 

Abundance/ frequency (A/F) ratio =       
Abundance of a species

Frequency of a species
 

 

Mean Basal area (MBA) =               
C²

(4 X 3.14)
 

 

Total basal area (TBA) =               MBA of a species X Density of the species 

 

Relative dominance (RDo) =            
TBA of a species  X  100

TBA of all species
 

 

Important value index (IVI) =             RF + RD + RDo 

 

Shannon Diversity index (H) =          -∑[(pi) X 1n (pi)] 

 

*Where pi= ni/N (individuals of a given species, N= total number of individuals in a 

community), 1n= natural logarithm, C= mean circumference and ∑ = summation 
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4.2. Results 

The findings are broken down into three sections: (1) Species richness and sampling 

accuracy of Pakke Tiger Reserve; (2) the species diversity of IAPs in Pakke Tiger Reserve; 

and (3) Distribution and invasion patterns of selected IAPs in Pakke Tiger Reserve. 

4.2.1 Species Richness and Sampling Accuracy of Pakke Tiger Reserve 

The study identified a total of 151 species, consisting of 70 tree species belonging to 35 

families with 54 genera, 24 shrub species under 20 genera belonging to 13 families, 48 herb 

species belongs to 46 genera and 21 families, 4 climber species climbers under 3 genera 

and 4 families, 4 grass species belong to one family under 3 genera and one sedge species 

under one genus with one family. The present study report 109 perennial species and 48 

annual species belonging to 57 different families and 124 different genera. Moreover, Pakke 

Tiger Reserve is represented by 51 different geographical locations around the world. This 

information may be seen in Table 4.2. The family Asteraceae had the highest number of 

species (18), making it the most dominant family. It was followed by Malvaceae (11), 

Fabaceae (10), Acanthaceae (8), Lamiaceae and Meliaceae (7 each), Solanaceae (5) and 

Poaceae (5; Fig. 4.4a). Among the total number of species, 63 species were native to the 

Himalayan area and Indian Oriental (Indo-Himalaya) regions. Out of these, there were 46 

tree species, 9 shrub species, 4 herb species, 3 climber species and 1 grass species. On the 

other hand, there were 88 non-native species in these regions. Among the non-natives, there 

were 24 tree species, 15 shrub species, 44 herb species, 3 grass species, 1 climber species 

and 1 sedge species. The dominant species among the native plants were Acanthaceae and 

Malvaceae, each with five species. The two families with four species each, Lamiaceae and 

Meliaceae, came next. Elaeocarpaceae, Euphorbiaceae, Fagaceae, Myristicaceae, 

Mrytaceae, Rubiaceae, Arecaceae, Burseraceae, Combretaceae, Elaeocarpaceae and 

Melastomataceae each contained two species. Only one species each was present in the 

remaining families (Fig. 4.4b). In the case of non-native species, the Asteraceae family had 

the highest number of species (18), followed by Fabaceae (7), Malvaceae and Solanaceae 

(6 each), Poaceae (4), Acanthaceae, Lamiaceae and Meliaceae (3 each), Elaeocarpaceae, 

Moraceae, Myrtaceae and Rubiaceae (2 each) and the remaining families with only one 

species each (Fig. 4.4c).  
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Total species richness across the different forest types ranged between 76 - 137 and was 

highest (137) belonging to 54 families and 112 genera in AAPSEF and lowest (77), under 

67 genera and 40 families in NF, respectively. Tree species richness ranged from 32 to 67 

and was recorded highest (67) in EHMCF followed by AAPSEF (59; Table 4.13). With tree 

species belonging to the Lauraceae and Fagaceae families, specifically Castanopsis 

tribuloides, Castanopsis indica and Mesua ferrea, dominated the upper region, while 

Pterospermum acerifolium, Sterculia villosa, Monoon simiarum, Duabanga grandiflora 

and Stereospermum chelonoides dominate the lower plain and foothills. The bulk of the 

trees in NF, which had the lowest recorded values (32) were Vitex glabrata, Dillenia indica 

and Duabanga grandiflora. The range of shrub species richness was 15 to 23, with 

AAPSEF having the greatest score (23) and EHSTWH having the lowest (15). The largest 

herb species richness (28–58) was identified in AAPSEF, whereas the lowest (28 each) was 

observed in NF and RF. 

AAPSEF had the maximum tree density (600 ind/ha), whereas NF had the lowest (300 

ind/ha). The results showed that the sapling densities were highest in EHMCF (1100 ind/ha) 

and lowest in RF (575 ind/ha). EHMCF reported the highest seedling density (8800 ind/ha), 

whereas AAPSEF recorded the lowest seedling density (3625 ind/ha). In terms of shrub 

density, AAPSEF had the highest (2600 ind/ha), while EHMCF had the lowest (900 ind/ha). 

It was discovered that the herb density was lowest in EHMCF (16000 ind/ha) and greatest 

in RF (60000 ind/ha). 

Pterospermum acerifolium, Sterculia villosa, Monoon simiarum, Duabanga grandiflora 

and Stereospermum chelonoides predominate in the lower plain and foothills, while 

Lauraceae and Fagaceae tree species Castanopsis tribuloides, Castanopsis indica and 

Mesua ferrea - dominate in the upper region. Additionally, the main emergent species in 

this distinctive layered forest structure of PTR are Tetrameles nudiflora and Ailanthus 

integrifolia, both of which are indigenous to the Himalayan region. Native plant and shrub 

species that cover the ground layers of the examination area include Clerodendrum 

colebrookeanum, Melastoma malabathricum, Phlogacanthus curviflorus, Strobilanthes 

cusia, Osbeckia nutans, Hellenia speciosa, Lepidagathis incurva, Phanera vahlii, and 

Poikilospermum suaveolens.  These varieties contribute to the region's rich biodiversity. 

 



- 50 - 
 

Table 4.2.  List of the species recorded from the study area. 

Species Family Habit Nativity* 

Climber 

Convolvulus arvensis L. Convolvulaceae Perennial Geront. temp 

Piper griffithii C.DC. Piperaceae  Perennial Reg. Himal 

Thunbergia coccinea Wall. ex D.Don Acanthaceae  Perennial Reg. Himal.; Burma 

Thunbergia grandiflora Roxb. Acanthaceae  Perennial Ind. or.; Burma 

Grass 

Eleusine indica (L.) Gaertn. Poaceae Annual Cosmop. trop. et subtrop 

Saccharum officinarum L. Poaceae  Perennial N Guin 

Saccharum spontaneum L. Poaceae  Perennial West As. trop 

Thysanolaena latifolia (Roxb. ex Hornem.) Honda Poaceae Perennial Ind.or 

Herb 

Adenostemma lavenia (L.) Kuntze Asteraceae  Perennial  As. trop et subtrop 

Mitracarpus hirtus (L.) DC. Rubiaceae Annual Am. trop; Mexic 

Achyranthes aspera L. Amaranthaceae  Annual Geront. trop 

Acmella paniculata (Wall. ex DC.) R.K.Jansen Asteraceae Annual Java 

Acmella radicans (Jacq.) R.K.Jansen Asteraceae Annual S Am. trop 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000155-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000032-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000032-2
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Ageratina adenophora (Spreng.) R.M.King & H.Rob. Asteraceae Perennial Mexic 

Ageratum conyzoides L. Asteraceae Annual Am. trop 

Alternanthera sessilis (L.) DC. Amaranthaceae  Perennial Reg. trop 

Bidens pilosa L. Asteraceae Annual Am. trop 

Blumea lacera (Burm.f.) DC. Asteraceae Annual Am. trop 

Cardamine hirsuta L. Brassicaceae Annual Am. trop 

Hellenia speciosa (J.Koenig) S.R.Dutta Costaceae Perennial Ind. or.; Malaya 

Cleome rutidosperma DC. Cleomaceae Annual Am. trop 

Corchorus aestuans L. Malvaceae Annual Am. trop 

Crassocephalum crepidioides (Benth.) S.Moore Asteraceae Annual Am. trop 

Crotalaria pallida Aiton Fabaceae Annual Am. trop 

Cuphea carthagenensis (Jacq.) J.F.Macbr. Lythraceae Annual Braz 

Eclipta prostrata (L.) L. Asteraceae Annual Am. trop 

Floscopa scandens Lour. Commelinaceae Annual As. et Austral. trop 

Galinsoga parviflora Cav. Asteraceae  Annual Am. trop 

Impatiens balsamina L. Balsaminaceae  Annual Am. trop 

Imperata cylindrica (L.) Raeusch. Poaceae  Perennial Am. trop 

Lepidagathis incurva Buch.-Ham. ex D.Don Acanthaceae  Perennial Ind. or 

Ludwigia octovalvis (Jacq.) P.H.Raven Onagraceae  Annual Afr. trop 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:319342-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126612-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000032-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000053-2
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Mikania micrantha Kunth Asteraceae  Perennial Am. trop 

Malvastrum coromandelianum (L.) Garcke Malvaceae  Annual Am. trop 

Mesosphaerum suaveolens (L.) Kuntze Lamiaceae  Annual Am. trop 

Mimosa pudica L. Fabaceae  Annual Braz 

Nicotiana plumbaginifloia Viv. Solanaceae  Annual Am. trop 

Oxalis corniculata L. Oxalidaceae  Annual Europ 

Parthenium hysterophorus L. Asteraceae Annual N Am. trop 

Phanera vahlii (Wight & Arn.) Benth. Fabaceae  Perennial Ind. or 

Phaulopsis dorsiflora (Retz.) Santapau Acanthaceae  Perennial Madag 

Physalis angulata L. Solanaceae Annual Am. trop 

Poikilospermum suaveolens (Blume) Merr. Urticaceae  Perennial Ind. or.; Malaya 

Scoparia dulcis L. Plantaginaceae  Annual Am. trop 

Senna tora (L.) Roxb. Fabaceae  Annual S Am. trop 

Sida acuta Burm.f. Malvaceae  Annual Am. trop 

Solanum nigrum L. Solanaceae Annual Eurasia 

Solanum viarum Dunal Solanaceae Perennial Am. trop 

Sonchus oleraceus L. Asteraceae Annual Meditter 

Spermacoce ocymoides Burm.f. Rubiaceae Annual Cosmop. trop 

Stachytarpheta indica (L.) Vahl Verbenanceae Annual Am. trop 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:319342-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000097-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000631-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126611-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000535-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30001136-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
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Stephania japonica (Thunb.) Miers Menispermaceae  Perennial Japan. 

Synedrella nodiflora (L.) Gaertn. Asteraceae Annual West indies 

Tridax procumbens L. Asteraceae Perennial Centr Am. trop 

Xanthium strumarium L. Asteraceae Annual Am. trop 

Youngia japonica (L.) DC. Asteraceae Annual S Am. trop 

Sedge 

Cyperus iria L. Cyperaceae Annual Am. trop 

Shrub 

Alpinia nigra (Gaertn.) Burtt Zingiberaceae Perennial Indian Subcontinent to China 

Buddleja asiatica Lour. Scrophulariaceae Perennial As. trop.; Malaya 

Chromolaena odorata (L.) R.M.King & H.Rob. Asteraceae Perennial Am. trop 

Citrus medica L. Rutaceae Perennial Asia, Mediterr, Assyria, Persia 

Clerodendrum colebrookeanum Walp. Lamiaceae Perennial Ind. or.; Malaya 

Clerodendrum infortunatum L. Lamiaceae Perennial Ind. or.; Arch. Mal 

Coffea benghalensis B.Heyne ex Roth Rubiaceae Perennial Ind. or. (Bengal) 

Datura metel L. Solanaceae Annual Am. trop 

Dendrocnide sinuata (Blume) Chew Urticaceae Perennial China 

Holmskioldia sanguinea Retz. Lamiaceae  Perennial Ind. or 

Lantana camara L. Verbenaceae  Perennial Am. trop 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30002579-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000097-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000070-2
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Melastoma malabathricum L. Melastomataceae    Ind. or.; Malaya 

Ocimum tenuiflorum L. Lamiaceae Perennial Geront. trop 

Osbeckia nutans Wall. ex C.B.Clarke  Melastomataceae Perennial Reg. Himal 

Oxyspora paniculata (D.Don) DC. Melastomataceae Perennial Reg. Himal 

Phlogacanthus curviflorus (Nees) Nees Acanthaceae  Perennial Reg. Himal 

Phlogacanthus thyrsiformis (Roxb. ex Hardw.) Mabb.  Acanthaceae  Perennial India. 

Senna alata (L.) Roxb. Fabaceae  Annual West indies 

Senna occidentalis (L.) Link Fabaceae  Annual S Am. trop 

Solanum torvum Sw. Solanaceae Perennial West indies 

Strobilanthes cusia (Nees) Kuntze Acanthaceae  Annual Ind. or.; Burma; China 

Strobilanthes paniculata (Nees) Miq. Acanthaceae  Perennial Indo-China (Laos) 

Triumfetta rhomboidea Jacq. Malvaceae Perennial Am. trop 

Urena lobata L. Malvaceae Annual Afr. trop 

Tree 

Aesculus assamica Griff. Sapindaceae Perennial Reg. Himal 

Aglaia lawii (Wight) C.J.Saldanha Meliaceae Perennial Ind. or 

Aglaia spectabilis (Miq.) S.S.Jain & S.Bennet Meliaceae Perennial Burma 

Ailanthus integrifolia Lam. Simaroubaceae Perennial Ind. or 

Albizia lebbeck (L.) Benth. Fabaceae Perennial Geront. trop 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30374374-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000618-2
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Albizia procera (Roxb.) Benth. Fabaceae Perennial As. trop.; Austral 

Liquidambar excelsa (Noronha) Oken Altingiaceae Perennial Malaya 

Aphanamixis polystachya (Wall.) R.Parker  Meliaceae Perennial Ind. or. (Assam) 

Aquilaria malaccensis Lam. Thymelaeaceae Perennial Malaya 

Artocarpus chama Buch.-Ham. Moraceae Perennial India. 

Azadirachta indica A.Juss. Meliaceae Perennial Java 

Baccaurea ramiflora Lour. Phyllanthaceae Perennial Cochinch 

Bauhinia purpurea L. Fabaceae Perennial Ind. or.; Burma; China 

Bauhinia variegata L. Fabaceae Perennial Ind. or.; Burma; China 

Bombax ceiba L. Malvaceae Perennial Am. austr 

Canarium resiniferum Bruce ex King Burseraceae Perennial Reg. Himal 

Canarium strictum Roxb.  Burseraceae Perennial Ind. or 

Castanopsis tribuloides (Sm.) A.DC. Fagaceae Perennial Reg. Himal.; Burma 

Castanopsis indica (Roxb. ex Lindl.) A.DC. Fagaceae Perennial Reg. Himal 

Chisocheton cumingianus (C.DC.) Harms Meliaceae Perennial Ins. Philipp 

Choerospondias axillaris (Roxb.) B.L.Burtt & A.W.Hill Anacardiaceae Perennial China 

Chukrasia tabularis A.Juss. Meliaceae Perennial Ind. or 

Cinnamomum bejolghota (Buch.-Ham.) Sweet Lauraceae Perennial Reg. Himal 

Cinnamomum glaucescens (Nees) Hand.-Mazz. Lauraceae Perennial Reg. Himal 
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Dillenia indica L. Dilleniaceae Perennial As. trop 

Duabanga grandiflora (Roxb. ex DC.) Walp. Lythraceae Perennial Ind. or 

Dysoxylum gotadhora (Buch.-Ham.) Mabb. Meliaceae Perennial Ind. or 

Elaeocarpus aristatus Roxb. Elaeocarpaceae Perennial Ind. or 

Elaeocarpus floribundus Blume Elaeocarpaceae Perennial As. trop 

Elaeocarpus sphaericus (Gaertn.) Heer Elaeocarpaceae Perennial Ins. Philipp. 

Elaeocarpus varunua Buch.-Ham. ex Mast.  Elaeocarpaceae Perennial Ind. or.; Malaya 

Endospermum chinense Benth. Euphorbiaceae Perennial China; Malaya 

Ficus elastica Roxb. ex Hornem. Moraceae  Perennial N. Guin 

Gmelina arborea Roxb. ex Sm. Lamiaceae  Perennial Ind. or.; Malaya 

Gynocardia odorata R.Br. Achariaceae  Perennial Ind. or 

Horsfieldia kingii (Hook.f.) Warb. Myristicaceae  Perennial Reg. Himal 

Knema angustifolia (Roxb.) Warb. Myristicaceae  Perennial Reg. Himal.; Malaya 

Kydia calycina Roxb. Malvaceae  Perennial Ind. or.; Burma 

Livistona jenkinsiana Griff. Arecaceae  Perennial Reg. Himal 

Macaranga denticulata (Blume) Müll.Arg. Euphorbiaceae  Perennial Reg. Himal.; Malaya 

Macaranga peltata (Roxb.) Müll.Arg. Euphorbiaceae  Perennial Ind. or 

Magnolia champaca (L.) Baill. ex Pierre Magnoliaceae  Perennial Malaya 

Magnolia hodgsonii (Hook.f. & Thomson) H.Keng Magnoliaceae  Perennial Reg. Himal 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000043-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000097-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126656-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126699-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126699-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000211-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30375178-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30375178-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000710-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000710-2
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Mesua ferrea L. Calophyllaceae Perennial Ind. or 

Moringa oleifera Lam. Moringaceae Perennial Ind. bor. occ. 

Morus macroura Miq. Moraceae  Perennial Ind. or 

Musa cheesmanii N.W.Simmonds Musaceae  Perennial Ind. or. (Assam) 

Neolamarckia cadamba (Roxb.) Bosser Rubiaceae Perennial Ind. or. (Bengal) 

Oroxylum indicum (L.) Kurz  Bignoniaceae Perennial As. trop 

Phoebe lanceolata (Nees) Nees Lauraceae  Perennial Ind. or.; Burma 

Phoenix rupicola T.Anderson Arecaceae Perennial Reg. Himal 

Monoon simiarum (Buch.-Ham. ex Hook.f. & Thomson) 

B.Xue & R.M.K.Saunders 

Annonaceae  Perennial Reg. Himal.; Burma 

Pterospermum acerifolium (L.) Willd.  Malvaceae  Perennial Ind. or.; Java 

Pterospermum lanceifolium Roxb. ex DC. Malvaceae  Perennial Ind. or 

Pterygota alata (Roxb.) R.Br.  Malvaceae  Perennial Ind. or 

Schima wallichii (DC.) Korth. Theaceae  Perennial Reg. Himal.; Malaya 

Sterculia villosa Roxb. ex Sm. Malvaceae Perennial Ind. or 

Stereospermum chelonoides (L.f.) DC.  Bignoniaceae  Perennial Ind. or.; Burma 

Syzygium cumini (L.) Skeels Myrtaceae Perennial Ind. or 

Syzygium jambos (L.) Alston Myrtaceae Perennial As. trop 

Syzygium zeylanicum (L.) DC. Myrtaceae Perennial Ind. or.; Malaya 

Syzygium syzygioides (Miq.) Merr. & L.M.Perry Myrtaceae Perennial Java 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000043-2
https://en.wikipedia.org/wiki/Musaceae
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000569-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000342-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000791-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000204-2
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Terminalia arjuna (Roxb. ex DC.) Wight & Arn. Combretaceae Perennial Ind. or 

Terminalia chebula Retz. Combretaceae Perennial As. trop 

Terminalia myriocarpa Van Heurck & Müll.Arg. Combretaceae Perennial Reg. Himal.; Burma 

Tetrameles nudiflora R.Br. Tetramelaceae  Perennial Ind. or.; Malaya 

Vatica lanceifolia (Roxb.) Blume Dipterocarpaceae  Perennial Reg. Himal.; Burma 

Vitex glabrata R.Br. Lamiaceae  Perennial Ins. Philipp. 

Zanthoxylum rhetsa (Roxb.) DC. Rutaceae Perennial Ind. or 

Ziziphus mauritiana Lam. Rhamnaceae  Perennial Afr. trop et India 

Note*:  Africa (Afr.), America (Am.), Asia (As), Australia (Austr), Brazil (Braz), Boreal (Bor), Central (Centr), Cosmopolitan (Cosmop), Europe (Europ), Gerontia (Geront), 

Himalayan Region (Reg. Himal), Indian Oriental (Ind Or), Insular (Ins), Indonesia (Java), Malay Archipelago (Arch. Mal), Madagascar (Madag), Mediterranean (Mediterr), 

Mexico (Mexic), New guinea (N Guin), Occidentalis (Occ), Philippines (Phillipp), Vietnam (Cochinch), Subtropical (Subtrop), North (N), South (S), Temperate (Temp), 

Tropical (Trop); et =and. 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126820-1
https://en.wikipedia.org/wiki/Dipterocarpaceae
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000097-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:50033316-1
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(a) 

 

 

(b) 

Figure 4.3: Floristic diversity of the study area of (a) Species richness (b) with native and 

non-native classification 
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(c) 

Figure 4.4: Family wise distribution of the (a) whole study and according to (b) native and 

(c) non-native 

4.2.2 Sampling Completeness 

The observed results (Fig. 4.5) were compared with the Chao1 estimate values and 

rarefaction accumulation curve values from PAST in order to verify the sampling 

completeness of the vegetation composition in the various forest types of PTR. The data 

clearly indicates that the sample completeness in each forest type was achieved by the 

observed values, which agreed with the values of the Chao1 estimate. 

 

Figure 4.5: Sampling completeness through species richness estimation techniques for the 

five forest types in the study area. 
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4.2.3 Diversity Estimation 

The study observed that the rarefied accumulation curve of the whole community displayed 

asymptote stability in all forest types (Fig. 4.6). This clearly revealed that the species 

richness in each forest type is acceptable for the research. Similarly, the species 

accumulation curve exhibited asymptote in tree diversity, shrub diversity and herb diversity 

in each analyzed forest type. In the 208 sampled plots, 151 species were recorded but the 

richness estimators suggested the asymptotic local richness in each of the forest types to be 

139 species in Assam Alluvial Plain Semi Evergreen Forest (137 observed), 133 species in 

East Himalayan Mixed Coniferous Forest (133 observed), 82 species in East Himalayan 

Subtropical Wet Hill (81 Observed), 82 species in non-Forest (76 Observed) And 81 species 

in Riverine Forest (80 Observed) by Chao1 estimator. Similarly, rarefaction was done to 

evaluate the species accumulation curves of the trees in all forest kinds and demonstrate 

that the species accumulation curve of trees in all forest types displays the identical stability. 

The extrapolation curves also demonstrate that they recorded the same number of the 

species in the phytosociological survey in the floristic survey. From the extrapolation 

curves, the number of recorded species in Assam Alluvial Plain Semi Evergreen Forest is 

59 species (lower and upper 95% confidence interval are 59 and 73), 67 species in East 

Himalayan Mixed Coniferous Forest (lower and upper 95% confidence interval are 67 and 

70), 37 species in East Himalayan Subtropical Wet Hill (lower and upper 95% confidence 

interval are 36 and 44), 32 species in Non-forest (lower and upper 95% confidence interval 

are 33 and 52) and 37 species in Riverine forest (lower and upper 95% confidence interval 

are 37 and 47). In shrubs, the species accumulation curve suggests that local richness of the 

recorded species displays asymptotic stability in all studied plots in all forest types. In 

shrub, the estimated and observed values are identical with each other in all forest types. 

Moreover, in herbs also the same resemblance exists in observed and calculated value (Fig 

4.6). 

4.3 Species Diversity of Invasive Alien Plant Species in Pakke Tiger Reserve 

From the study's geographic area, 43 IAPs have been identified (Table 4.3): 33 herbs, 6 

shrubs, 2 grasses and 1 each of sedge and climber. Eleven distinct geographical areas are 

represented by these species. Tropical America is the preferred habitat for the greatest 

number of species (27) and is followed by Tropical South America, Brazil, Central 

America, Europe, the Mediterranean, Mexico, North America and Tropical West Asia (Fig. 



- 63 - 
 

4.7). Asteraceae was the dominant families, followed by Fabaceae and Solanaceae with five 

each, Malvaceae with three, Poaceae, Tiliaceae and Verbenaceae with two each and the 

remaining families, which included one each of Balsaminaceae, Brassicaeceae, 

Cleomaceae, Cyperaceae, Lamiaceae, Oxalidaceae and Plantaginaceae (Fig. 4.8). There are 

no trees among the IAPs recorded from the study area; instead, there are herb species such 

as Ageratina adenophora, Ageratum conyzoides, Bidens pilosa, Blumea lacera, 

Chromolaena odorata, Cardamine hirsuta, Cleome rutidosperma, shrub species like 

Datura metel, Senna alata, Senna occidentalis, Senna tora, Solanum torvum, and Urena 

lobata, climber species like Mikania micrantha and grass species like Imperata cylindrica 

and Saccharum spontaneum; and sedge species like Cyperus Iria. 

4.3.1 Species Richness of Invasive Alien Plant Species in Pakke Tiger Reserve  

With 41, AAPSEF's species richness stands out as most invaded and hosts the most IAP 

species (Fig. 4.9). Given only 13 IAP species, this sharp difference to the EHSTWH points 

to a possible susceptibility of the AAPSEF ecosystem to biological incursions. By contrast, 

with 26 and 21 species respectively, the EHMCF and NF had a somewhat high IAP species 

richness. At 20 IAP species, the RF had a somewhat lower count, suggesting maybe a 

greater degree of resistance or resilience in this environment. Ageratum conyzoides, Bidens 

pilosa, Chromolaena odorata, Crassocephalum crepidioides, Solanum torvum, Solanum 

viarum, Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata are IAPs that are 

common in all five forest types and indicate their wide distribution and ability to thrive 

across the varied forest environments. However, some IAPs are specifically uniquely found 

in forest types i.e., in AAPSEF (Acmella radicans, Blumea lacera, Cardamine hirsuta, 

Cleome rutidosperma, Corchorus aestuans, Datura metel, Nicotiana plumbaginifolia, 

Senna alata, Senna occidentalis, Senna tora, Sida acuta, Sonchus oleraceus, Tridax 

procumbens, Xanthium strumarium and Youngia japonica. In EHSTWH, only one was 

found (Ageratina adenophora) and 12 in RF i.e., Crotalaria pallida, Cyperus iria, Imperata 

cylindrica, Ludwigia octovalvis, Malvastrum coromandelianum, Mikania micrantha, 

Mimosa pudica, Oxalis corniculata, Parthenium hysterophorus, Physalis angulata, 

Saccharum spontaneum and Stachytarpheta jamaicensis were found to be adapted to the 

unique environmental conditions and ecological niches within those particular ecosystems. 
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Figure 4.6: Individual- based rarefaction (solid line) and extrapolation curves (dashed lines) 

for the (a) whole diversity, (b) Trees diversity (c) Shrub diversity and (d) Herb diversity in 

different forest types in study area. *(0- Chao richness, 1- Chao Simpson and 2- Chao 

Shannon) 
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Table 4.3. List of invasive alien plant species recorded in the study area 

Species Family Habit Nativity 

Saccharum spontaneum Poaceae  Grass West As. trop 

Acmella radicans Asteraceae Herb S Am. trop 

Ageratina adenophora Asteraceae Herb Mexic 

Ageratum conyzoides Asteraceae Herb Am. trop 

Bidens pilosa Asteraceae Herb Am. trop 

Blumea lacera Asteraceae Herb Am. trop 

Cardamine hirsuta Brassicaceae Herb Am. trop 

Cleome rutidosperma Cleomaceae Herb Am. trop 

Corchorus aestuans Malvaceae Herb Am. trop 

Crassocephalum crepidioides Asteraceae Herb Am. trop 

Crotalaria pallida Fabaceae Herb Am. trop 

Eclipta prostrata Asteraceae Herb Am. trop 

Galinsoga parviflora Asteraceae  Herb Am. trop 

Impatiens balsamina Balsaminaceae  Herb Am. trop 

Imperata cylindrica Poaceae  Herb Am. trop 

Ludwigia octovalvis Onagraceae  Herb Afr. trop 

Mikania micrantha Asteraceae  Herb Am. trop 

Malvastrum coromandelianum Malvaceae  Herb Am. trop 

Mesosphaerum suaveolens Lamiaceae  Herb Am. trop 

Mimosa pudica Fabaceae  Herb Braz 

Nicotiana plumbaginifloia Solanaceae  Herb Am. trop 

Oxalis corniculata Oxalidaceae  Herb Europ 

Parthenium hysterophorus Asteraceae Herb N Am. trop 

Physalis angulata Solanaceae Herb Am. trop 

Scoparia dulcis Plantaginaceae  Herb Am. trop 

Senna tora Fabaceae  Herb S Am. trop 

Sida acuta Malvaceae  Herb Am. trop 

Solanum viarum Solanaceae Herb Am. trop 

Sonchus oleraceus Asteraceae Herb Mediterr 

Stachytarpheta indica Verbenaceae Herb Am. trop 

Synedrella nodiflora Asteraceae Herb West indies 

Tridax procumbens Asteraceae Herb Centr Am. trop 

Xanthium strumarium Asteraceae Herb Am. trop 

Youngia japonica Asteraceae Herb S Am. trop 

Cyperus iria Cyperaceae Sedge Am. trop 

Chromolaena odorata Asteraceae Shrub Am. trop 

Datura metel Solanaceae Shrub Am. trop 

Lantana camara Verbenaceae  Shrub Am. trop 

Senna alata Fabaceae  Shrub West indies 

Senna occidentalis Fabaceae  Shrub S Am. trop 

Solanum torvum Solanaceae Shrub West indies 

Triumfetta rhomboidea Malvaceae Shrub Am. trop 

Urena lobata Malvaceae Shrub Afr. trop 
 Note*:  Africa (Afr.), America (Am.), Asia (As), Brazil (Braz), Central (Centr), Europe (Europ), Mediterranean 

(Mediterr), Mexico (Mexic), North (N), South (S), Tropical (Trop) 

 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000032-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:319342-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126612-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000032-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000053-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:319342-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000097-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000631-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126611-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30001136-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000208-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000070-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000147-2


- 67 - 
 

 

Figure 4.7: Geographical regions of IAPs present in the study area 

 

 

Figure 4.8: Family wise distribution of IAPs with number of genera in the study area. 
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Figure 4.9:  Species richness of IAPs in the study area. 

 

 

Figure 4.10: Hierarchical clustering of IAPs in different forest types according to 

Bray-Curtis similarity index 
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4.3.2 Jaccard Similarity Index of Invasive Alien Plant Species Between Forest Types 

According to Jaccard Similarity Index with Cophenetic Correlation value of 0.9841, the 

composition of IAPs across five distinct forest types shows that they cluster into two 

primary groups (Fig. 4.10). This index measures the similarity association of plant between 

forest types and uses Paired Group (UPGMA- Unweighted Pair Group Method with 

Arithmetic Mean) for evaluation. First, there is a strong resemblance between the plant 

species assemblages of NF and RF as they constitute a single, closely related cluster. 

Second, the second cluster is made up of EHMCF and AAPSEF, indicating that their plant 

communities are more different from those of the NF-RF group. In contrast to the other 

forest types, EHSTWH exhibits the most different behavior, branching out first from the 

bigger cluster and suggesting the presence of a distinct plant community composition. 

Additionally, EHMCF and AAPSEF exhibit comparatively high similarity inside the 

second cluster, suggesting that they have a greater number of plant species in common than 

their relationship with EHSTWH. 

4.3.3 Level of Invasion  

Based on all forest types, the current investigation found that AAPSEF had the greatest 

amount of invasion while EHSTWH had the lowest level (Fig. 4.11). In the current research 

region, the overall degree of invasion reduced from 30% to 16% as measured by the 

percentage of IAPs to all plant species. Additionally, the areas with the greatest amount of 

IAP invasion were AAPSEF, NF, RF, EHMCF, and EHSTWH, in that order. These 

findings unequivocally demonstrate that higher levels of disturbance in forest types - such 

as those near roads, populated areas, livestock, and human interference - are associated with 

an increased incidence of invasions. On the other hand, compared to other forest types, the 

EHSTWH at higher elevations have less incursions, suggesting that disturbance in this form 

of forest is minimal. 

4.4 Distribution and Invasion Pattern of Selected Invasive Alien Plant Species in 

Pakke Tiger Reserve 

4.4.1 Ageratum conyzoides 

Ageratum conyzoides was found to be prevalent in all forest’s types of the study area. In 

the EHSTWH forest type (Table 4.4), it had the greatest relative abundance (3.98%), 

followed by NF (3.72%) while the least was observed in AAPSEF (2.63%). However, NF 
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forest type had the highest relative density (23.09%), indicating some degree of dominance 

and minimum in RF (18.50%). 

 

Figure 4.11: The overall level of invasion (%) in each forest types of study area. 

Table 4.4: Ageratum conyzoides distribution across the different forest types in the study 

area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 19.07 2.63 0.06 77.33 19.79 

EHMCF 20.82 2.67 0.07 74.92 20.55 

EHSTWHF 21.72 3.98 0.09 14.79 18.53 

NF 23.10 3.73 0.05 1.75 10.00 

RF 18.51 2.94 0.05 1.10 11.67 

A. conyzoides was found to have a maximum density of 37,931.03 individuals per hectare 

in the EHSTWH forest and minimum in 30,888.88 individuals per hectare in RF. The 

species' overall abundance trended similarly, reaching its high in EHSTWH and declining 

in RF. All forest types had a contagious, or clustered, distribution pattern for A. conyzoides, 

suggesting the existence of unique patches or aggregations in each type of forest, as the 

abundance to frequency (A/F) ratios was observed to be more than 0.05. Moreover, the 

study showed that these species had invaded 19% of the regions of each forest type, 

including AAPSEF (20%), EHMCF (20%), EHSTWH (18%), NF (10%), and RF (11%). 

For each of the study area's forest types, the Ageratum conyzoides density was computed. 

NF had the lowest invasion density at 1,000±133.66 m² followed by AAPSEF 
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(1,978.28±139.22 m²) and EHMCF (2,055.31±136.33 m²). These species' total cover areas 

were 77.325 km² in AAPSEF, 74.919 km² in EHMCF, 14.79 km², 1.749 km², and 1.01 km².  

4.4.2 Bidens pilosa 

Bidens pilosa was also found to be present in all of the study area's forests. It showed the 

highest relative abundance (3.49%) and relative density (10.19%) in the NF forest type, 

where it was the main herb layer (Table 4.5). Conversely, the species exhibited the lowest 

relative density (7.07%) and relative abundance (2.18%) under the AAPSEF forest type. 

The species was determined to have the lowest relative density (4.24%) in the EHSTWH 

forest type and the maximum relative density (5.24%) in the NF forest type. 

Table 4.5: Distribution of Bidens Pilosa across the different forest types in the study area. 

Forest 

Types 

Relative 

Density 

(%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 6.22 2.34 0.15 40.39 10.34 

EHMCF 7.08 2.19 0.13 44.91 12.32 

EHSTWHF 4.24 2.82 0.23 9.48 11.88 

NF 10.19 3.49 0.10 1.46 8.33 

RF 5.46 2.78 0.17 0.64 6.79 

 

In the EHSTWH, there were 26,875 Bidens pilosa individuals per hectare, whereas in the 

NF forest, there were 31,250 individuals per hectare. The species' abundance varied 

depending on the kind of forest, from 2.687 to 3. 125. Bidens pilosa was observed to have 

a contagious distribution pattern over all forest types, much like A. conyzoides. 

Furthermore, these species have taken over 10% (40.39 km²) of AAPSEF, 12% (44.90 km²) 

of EHMCF, 9% (9.47 km²) of EHSTWH, 8% (1.45 km²) of NF, and 6% (1.10 km²) of RF 

of each forest type.  Bidens pilosa exhibits the highest invasion in EHMCF 

(1231.959±124.76 m²) followed by 1187.5±144.76 m² and the lowest invasion in RF 

(678.571±126.88 m²). 

4.4.3 Chromolaena odorata 

The species had established as a dominating shrub species layer along the roadside in all 

study locations' forest types.  This species had the greatest relative abundance (10%) and 

relative density (46%) of all invasive species in NF, whereas it had the lowest relative 

abundance (6.5%) and relative density (39%) in EHMCF. On the other hand, EHSTWH 
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was discovered to have the greatest relative density (51%) and almost the same relative 

abundance as NF and RF (Table 4.6). The species' density varied from 1815.38 to 2533.33 

individuals per hectare, with RF having the greatest density and EHSTWH having the 

lowest. 

Table 4.6: Distribution of Chromolaena odorata across the different forest types in the 

study area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 43.05 6.92 0.06 72.10 18.45 

EHMCF 39.30 6.60 0.07 72.90 20.00 

EHSTWHF 51.40 10.14 0.08 10.85 13.59 

NF 46.83 10.99 0.06 2.76 15.77 

RF 47.30 10.59 0.07 1.89 20.00 

 

The abundance was 4.53 to 5.38, with RF having the greatest abundance and NF having the 

lowest. Based on the value derived from the abundance (A) and frequency (F) ratio, the 

species displayed contagious distribution across all forest types, indicating that the species 

is prevalent throughout the research region regardless of elevation. Moreover, it was shown 

that among all forest types, EHMCF (72.90 km²) and RF (1.89 km²) had the largest invaded 

total cover, while EHSTWH (10.84 km²) had the lowest. The density per plot in the invasion 

region ranged from 1359±262.31 m² to 2000±144.44 m², with RF having the greatest 

density and EHSTWH having the lowest. 

4.4.4 Mikania micrantha 

Mikania Micrantha in the study region was distributed in all forest types with Chromolaena 

odorata in close proximity forming a bonding pair. With regard to relative density and 

abundance, the species had the greatest values in EHSTWH (Table 4.7). Its relative 

abundance with NF and RF is almost same, but its relative density differs.  This species is 

the least common in AAPSEF (13.60%), with EHMCF (13.84%) having the highest relative 

density. These species varied in abundance, with RF having the greatest and NF having the 

lowest, ranging from 3.70 to 4.47. There are 370873.33 individuals per hectare in NF and 

44761.90 individuals per hectare in EHMCF, respectively, depending on the species. 

Similar to EHSTWH and RF, the species developed a dense population in the EHMCF. 

Based on frequency and abundance ratios, the distribution pattern of these species indicates 
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that they are shared by all kinds of forests meaning contagiousness. The percentage cover 

of invasion by these species was greatest in EHMCF (68.51 km²; 18%), EHSTWH (12.76 

km²; 16%) and AAPSEF (58.78 km²; 15%) in their respective total forest cover. The 

invasion by density per plot in each forest type was 1504±152.95 m² in AAPSEF, 

1879.699±134.38 m² in EHMCF, 1600±148.06 m² in EHSTWH, 979.166±142.89 m² in NF 

and 1309.523 ±143.59 m² in RF respectively. 

Table 4.7: Distribution of Mikania micrantha across the different forest in the study area. 

 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 13.60 2.99 0.12 58.79 15.05 

EHMCF 13.84 3.15 0.14 68.52 18.80 

EHSTWHF 16.78 4.46 0.14 12.77 16.00 

NF 12.09 4.15 0.12 1.71 9.79 

RF 12.52 4.26 0.17 1.24 13.10 

 

Table 4.8: Distribution of Solanum torvum across the different forest types in the study 

area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 4.07 2.43 0.25 49.72 12.73 

EHMCF 5.19 2.66 0.26 35.49 9.74 

EHSTWHF 3.85 3.72 0.44 6.65 8.33 

NF 5.98 3.78 0.21 1.75 10.00 

RF 4.53 3.23 0.27 0.47 5.00 

 

4.4.5 Solanum torvum 

The species had the greatest relative richness and density in EHMCF in the research region 

(Table 4.8). These species are the most abundant in NF, with EHSTWH coming in second. 

In RF, these species have the lowest relative abundance and density. The distribution 

regions of these species had similar abundances in AAPSEF, EHMCF, and EHSTWH 

compared to NF and RF. The species' density ranged from 1000 individuals per hectare to 

1263.15 in EHMCF, while its abundance varied from 2.5 in RF to 3.15 in EHMCF. The 

species is contagious in all forest types, which include 49.72 km² in AAPSEF, 35.49 km² 

in EHMCF, 6.65 km² in EHSTWH, 1.74 km² in NF and 0.42 km² in RF, according to 

distribution patterns. The overall cover percentage of invasion varies by forest type: 12.72% 

in AAPSEF, 9.73% in EHMCF, 8.33% in EHSTWH, 10% in NF and 5% in RF. The 
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invasion by density per plot is 1272±130.65 m², with each forest type following in 

increasing sequence (973±106.79 m², 833.33±100 m², 1000±83.66 m² and 500±70.71 m²). 

4.4.6 Solanum viarum 

The species is found in NF with the greatest relative abundance and density, and AAPSEF 

with the lowest relative abundance and density. Comparably, it was found that NF had the 

greatest relative density and abundance whereas EHSTWH had the lowest (Table 4.9). 

These species vary in abundance from 3.05 in AAPSEF to 3.64 in EHMCF, while their 

density varied from 30512.82 ind/ha in AAPSEF to 36440.67 ind/ha in EHMCF. 

Furthermore, these species are just as contagious across forest types as Solanum torvum, 

according to the abundance and frequency ratio. In each of their respective forest cover 

areas, these species cover 40.60 km² (10.39%) in AAPSEF, 54.03 km² (14.82%) in 

EHMCF, 7.61 km² (9.54%) in EHSTWH, 1.61 km² (9.23%) in NF and 0.66 km² (7%) in 

RF. (Fig. 4.23d).  In case of invasion, the density per plot for each forest type was as 

follows: 1039.47±166.94 m² in AAPSEF, 1482.45±167.91 m² in EHMCF, 954.54±103.57 

m² in EHSTWH, 923.07±170.97 m² in NF and 700±126.49 m² in RF. 

Table 4.9: Distribution of Solanum viarum across the different forest types in the study 

area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 4.89 2.23 0.18 40.61 10.39 

EHMCF 4.98 2.55 0.25 54.04 14.82 

EHSTWHF 2.17 2.57 0.37 7.62 9.55 

NF 9.24 4.00 0.15 1.61 9.23 

RF 6.52 3.58 0.23 0.66 7.00 
 

4.4.7 Synedrella nodiflora 

The species exist across various forest types in the study site; however, they are 

concentrated in EHMCF, NF, and RF. The species had the lowest relative abundance and 

relative density in AAPSEF and the greatest relative abundance and density in NF. In 

contrast, EHSTWH had the lowest relative density and abundance, whereas NF had the 

highest. Between 2.44 and 3.76, the abundance was highest in RF and lowest in EHSTWH 

(Table 4.10). The density ranged from 24444.44 to 37692.30 persons per hectare, with RF 
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having the highest density and EHSTWH having the lowest. Additionally, the distribution 

patterns demonstrate contagiousness in all kinds of forests, where it is concentrated 

everywhere. Furthermore, the highest levels of invasion across all forest types were seen in 

AAPSEF at 38.64 km² (9.90%), EHMCF at 41.08 km² (11.27%), EHSTWH at 4.87 km² 

(6.11%), NF at 1.88 km² (10.78%) and RF at 0.94 km² (10%). According to the forest types, 

the invasion area in terms of density per plot were, in ascending order, 990.19±144.25 m², 

1127.11±134.39 m², 611.11±158.99 m², 1078.94±134.64 m² and 1000±116.58 m². 

Table 4.10: Distribution of Synedrella nodiflora across the different forest types in the 

study area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 2.85 4.58 0.37 38.68 9.90 

EHMCF 4.40 4.39 0.28 41.09 11.27 

EHSTWHF 2.80 6.08 0.54 4.88 6.11 

NF 5.56 6.78 0.18 1.89 10.79 

RF 1.69 4.92 0.40 0.94 10.00 
 

4.4.8 Triumfetta rhomboidea 

The species is more common in AAPSEF, EHMCF, and RF than in other forest types. The 

species had the maximum relative abundance (8.47%) and relative density (5.55%) in NF, 

and the lowest relative abundance (5.06%) and relative density (7.47%) in EHMCF. 

However, the maximum relative density (11.14%) and relative abundance (8.11%) were 

found in RF, whereas EHSTWH had the lowest relative density (3.73%) and relative 

abundance (5.19%). The abundance of this species ranges from 3 to 4.12, with the greatest 

in RF and the lowest in EHSTWH (Table 4.11). The density of these species varied from 

1200 individuals per hectare in EHSTWH to 1650 in RF. The total cover area invaded by 

this species in each forest type was 63.69 km² (16.30%) in AAPSEF, followed by 42.30 

km² (11.60%) in EHMCF, 6.98 km² (8.75%) in EHSTWH, 1.53 km² (8.75%) in NF and 

0.88 km² (9.375%) in RF. The invasion area by density per plot in each forest type was 

1630.434±126.99 m², 1160.714±161.51 m², 875±200 m², 875±100 m² and 937.5±64.08 m² 

in increasing order. The abundance by frequency ratio indicates a contagious nature across 

all forest types in the research region. 
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Table 4.11: Distribution of Triumfetta rhomboidea across the different forest types in the 

study area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 6.95 5.35 0.20 63.70 16.30 

EHMCF 7.48 5.07 0.22 42.31 11.61 

EHSTWHF 3.74 6.08 0.41 6.98 8.75 

NF 5.56 8.47 0.28 1.53 8.75 

RF 11.15 8.11 0.17 0.89 9.38 
 

4.4.9 Urena lobata 

Urena lobata is widely distributed across the study area, including AAPSEF, EHMCF, and 

RF. It exhibited the greatest relative abundance and density in NF but the lowest relative 

abundance and density in EHMCF (Table 4.12). The species had the highest relative density 

and abundance in NF and the lowest relative density and abundance in AAPSEF. The 

abundance varied from 2.91 to 3.76, with the lowest in EHSTWH and the greatest in 

APPSEF. The species density varied between 1165.21 individuals per hectare in EHSTWH 

to 1505.88 individuals per hectare in AAPSEF. The total area invaded by these species 

throughout the forest types were 67.02 km² (17.15%) in AAPSEF, 59.73 km² (16.38%) in 

EHMCF, 7.80 km² (9.78%) in EHSTWH, 1.40 km² (8.40%) in NF and 1.006 km² (10.66%) 

in RF. Furthermore, the density per plot by invasion area in each forest type was 

1715.686±147.77 m² in AAPSEF, 1638.88±142.87 m² in EHMCF, 978.260±108.35 m² in 

EHSTWH, 840.90±99.021 m² in NF and 1066.66±105.56 m² in RF. Based on the 

abundance and frequency ratios, the distribution patterns of AAPSEF, EHMCF, EHSTWH 

and RF values were larger than 0.05, demonstrating their contagiousness in four forest 

types, but NF values fell between 0.025 and 0.05, showing random distribution in these 

forest regions.  
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Table 4.12: Distribution of Urena lobata across the different forest types in the study area. 

Forest 

Types 

Relative 

Density (%) 

Relative 

Abundance 

(%) 

Abundance 

/Frequency 

Ratio 

Cover Area 

(Km²) 

Invasion 

(%) 

AAPSEF 15.75 5.57 0.10 67.03 17.16 

EHMCF 24.27 5.11 0.07 59.74 16.39 

EHSTWHF 20.87 5.91 0.07 7.81 9.78 

NF 27.38 7.59 0.05 1.47 8.41 

RF 18.24 7.08 0.08 1.01 10.67 

 

4.5 Mapping of Invasive Alien Plant Species by the Kernel Density Estimation Method 

The selected species distribution pattern in the study region was simulated by using the 

kernel density estimation method through species abundance (Chengzhen et al., 2000). 

Mapping of each species were formulated through relative abundance in ArcGIS to provide 

their relative distribution with distinct colors differentiation indicating their presence and 

absence in the study area (Fig. 4.12). 

4.6 Discussion 

4.6.1 Vegetation Composition 

Due to the high biological value of this habitat and the rapidity of forest loss, the CBD had 

asked that Parties "establish biologically and geographically representative networks of 

Protected Areas" and evaluate the representativeness of these networks with respect to 

different types of forests (CBD, 2009). Increased biological invasion, infrastructure 

development, urbanisation, and other factors are putting more stress on forests. On the other 

hand, the hazard of declining environmental services to society is made worse by climate 

change (Ashutosh and Roy, 2021). Consequently, it is essential to regularly monitor and 

evaluate forest resources in order to identify the causes of deterioration early on and 

implement the best planning, policy, and management strategies for protecting and 

replenishing the resource. However, throughout time, a comprehensive examination of the 

forest vegetation in the state had been carried out (Singh et al., 2002; Behera and Kushwaha, 

2007; Rana and Gairola, 2009; Saikia et al., 2017; Dash et al., 2021). However, the study 

region, which is mostly associated with the hornbill population, had not received much 

scholarly attention (Datta, 1998; Velho and Krishnadas, 2011; Dasgupta et al., 2022). 
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Figure 4.12: Distribution maps of 

selected IAPs -A- A. conyzoides, B- B. 

pilosa, C- C. odorata, D- M. micrantha, 

E- S. torvum, F- S. viarum, G- S. 

nodiflora, H- T. rhomboidea and I- U. 

lobata (*orange colour- lower presence 

and green colour- abundantly 

distributed). 
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Based on logging history, the study area's tree density is similar to Datta (1998) stated range 

of 257 ind/ha to 686 ind/ha. The tree density found by logging and unlogging forests during 

a 16-year recovery period is comparable to the values in the range of 114 ind/ha to 601 

ind/ha reported by Dasgupta et al. (2022) and Velho and Krishnadas (2011). The study's 

tree density, which ranges from 300 to 600 ind/ha, includes all kinds of forests. This range 

is consistent with earlier observations made by researchers from the same study site. In 

addition, the results showed that the Shannon Wiener index ranged from 3.30 to 4, which 

is comparable to the range of 3.1 to 3.5 noted in earlier research (Velho and Krishnadas, 

2011). 

Table 4.13: Details of the study sites' vegetation 

Forest types 

Vegetation 

parameters 

Habit AAPSEF EHMCF EHSTWHF NF RF 

Species richness Tree 59 67 36 33 37 

Shrub 23 21 15 16 15 

Herb 55 45 31 28 28 

Total 137 133 82 77 80 

Species 

diversity (H') 

Tree 3.176 3.957 3.319 3.13 3.312 

Shrub 2.42 2.158 1.995 1.97 1.935 

Herb 3.307 3.02 2.716 2.74 2.855 

 

4.6.2 Distribution of Invasive Alien Plant Species in the study area 

Mountains are key features of the Earth’s surface and host a substantial proportion of the 

world’s species (Antonelli et al., 2018).  Mountains are diversity cradles because their 

diversifications in morphological, physiological, or behavioral traits enable species to better 

use mountainous niches (Hughes and Atchison, 2015). Due to this a great variety of flora 

and fauna find home in mountains (Körner, 2004). Mountain communities and ecosystems 

are experiencing environmental degradation, social and economic decline, and 

marginalization due to the unprecedented pressures of globalization, urbanization, and mass 

tourism (Jansky et al., 2002). Furthermore, changes in the mountain environment are also 

facilitated by climatic conditions (Rangwala and Miller, 2012). Climate change had also 

been associated with the proliferation of IAPs in natural forests, including Ageratina 

adenophora, Ageratum conyzoides, Bidens pilosa, Chromolasena odorata, Lantana 

camara, Mesosphaerum suaveolens, Mimosa pudica, Mikania micrantha, Parthenium 

hysterophorus, Senna tora, Senna occidentalis and Xanthium strumarium, (Shrestha and 
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Shrestha, 2019). As the mentioned IAPs are present in the current study area, this is 

anticipated to have an effect on native species' ability to compete.  

In general, mountain ecosystems have evaded invasion due to their harsh climate and low 

human population densities (Kueffer et al., 2013). Nevertheless, in recent years, there had 

been an increase in the number and variety of IAPs in mountain ranges (Johnston and 

Pickering, 2001; Pickering et al., 2008), suggesting that the probability of invasion impacts 

increasing in the future (Williamson and Fitter, 1996). Furthermore, the danger posed by 

IAPs to high biodiversity will probably rise as a result of globalization and climate change 

even though they are mostly found in lowland environments (Pauchard et al., 2009).  

However, it is anticipated that shifting climate conditions would accelerate the pace of IAPs 

growth and migration across elevation ranges (Hulme 2017; Dainese et al. 2017). Numerous 

IAPs species in hilly regions like the Himalaya have already started to takeover higher 

mountain elevations (Pauchard et al. 2009). Therefore, in order to monitor these species 

and develop management strategies to control their invasion, it is necessary to understand 

their patterns of distribution and level of invasion in different forest habitats or types. 

In the present study, the species richness of the IAPs across the different forest types 

indicate a decrease in the number proportion with the increased of the elevation from 13 in 

EHSTWH to 41 in AAPSEF. Taking into account the elevational gradient as shown by 

earlier studies, these are typical findings for mountainous regions (Alexander et al., 2009).  

However, the numbers of the IAPs rises in AAPSEF followed by EHMCF and NF as 

opposed to RF and EHSTWH, which can be owing to the fact that the forest types is more 

disturbed as it is comparatively close to the road or villages as there is frequent activity of 

human interferences. The decrease in IAPs species richness with rising elevation is 

explained by Pauchard et al. (2009), who state that propagules from human sources 

distribute unidirectional at low height before moving to higher elevation. A common 

occurrence in mountain ecosystems is the pattern of species turnover with height, which is 

referred to as the "elevation gradient”. 

 On the other hand, a unimodal distribution of elevation indicates that the IAPs species 

richness in the Himalayan region had a high proportion of IAPs up to 2000 m asl, after 

which it reduces (Khuroo et al., 2011). Though, it the elevation is restricted to 2050m, the 

unimodal distribution is discovered since the present research exclusively examines forest 

types. The research does, however, conform to the overall pattern of declining IAPs 
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abundance with elevation, as reported by Bhattarai et al. (2014) throughout the Himalayan 

area. According to Averett et al. (2016), the distribution of IAPs in mountainous forest 

types seems to be most strongly associated with elevation. This study demonstrates that the 

overall species richness proportion of IAPs is negatively correlated with elevation. The 

results are in accordance with many global studies (McDougall et al., 2005; Arévalo et al., 

2005; Kalwij et al., 2008) and some studies from IHR (Kosaka et al., 2010; Mustaqeem et 

al., 2018). 

The level of invasion in each habitat or forest types is one of the crucial points which need 

to be understand for effective management and planning of IAPs control (Myśliwy et al., 

2014). In the present study, the results shows that the AAPSEF, NF and RF which are near 

to roads, villages and human interferences are more invaded as compared to other forest 

types was observed, which are in accordance with the global studies (Vilà et al., 2007; 

Medvecká et al., 2018; Potter et al., 2023). 

4.6.3 Distribution of Selected Invasive Alien Plant Species 

IAPs have posed a major risk to human health (Jones, 2019), ecosystem services, 

biodiversity, and environmental quality in the area (Pejchar and Mooney, 2009; Bartz and 

Kowarik, 2019). IAPs have put native biodiversity at considerable risk all across the globe, 

whether they are found in aquatic, terrestrial, or island habitats (Enserink, 1999). The 

Himalayan area, which is regarded as one of the world's biodiversity hotspots, is more 

vulnerable to IAP invasion (Khuroo et al., 2021). Due to the region's fast economic 

expansion, which accounts for the majority of IHR, IHR is under unprecedented 

anthropogenic pressure. This will eventually result in the introduction and proliferation of 

IAPs (Pathak et al., 2019). Furthermore, IHR's ecologically sensitive alpine regions are 

continually grappling with the severity of climate change and IAP invasion, which is 

becoming worse on all fronts (Mack et al., 2000; Tripathi et al., 2012). It is recognised that 

certain IAPs that pose a major threat to local residents and forest dynamics are rapidly 

expanding along the IHR. 

A number of them, including Ageratum conyzoides, Mikania micrantha, Chromolaena 

odorata, Lantana camara, Ageratina adenophora and Parthenium hysterophorus, have 

attracted the attention of scientific organisations and are now the focus of extensive study 

due to their successful invasion rate. All the same, most IAPs stay away from forested, steep 

locations. But according to reports, Ageratum conyzoides and Lantana camara are 
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encroaching on the forest floor vegetation, endangering its variety and richness (Kohli et 

al., 2006). Comparably, the lower and middle Himalayan regions are seeing a fast 

encroachment of Parthenium hysterophorus (Kohli et al., 2004). 

One of the problematic weeds that is quickly encroaching on IAPs across a variety of 

habitats in tropical and subtropical countries is Ageratum conyzoides, sometimes referred 

to as billy goat weed (Batish et al., 2009). Although the species is found around the world, 

it originated in tropical America (Reddy, 2008). According to Waterhouse (1993), it is 

ranked as the 15th most problematic weed in Southeast Asia and the Pacific Ocean. 

According to reports (Kosaka et al., 2010), the species is one of the invasive species in the 

IHR that may develop up to an elevation of 3000m. Additionally, the species - which is a 

prominent weed - can readily shift into the eastern Himalayan region's tropical forest (Singh 

et al., 2002; Arunachalam and Arunachalam, 2002). The species was detected in all of the 

forest types studied in this research, with the greatest RD and highest RA in the NF and 

EHSTWH, respectively. According to research by Arunachalam and Arunachalam (2002), 

these species predominate in the tropical forests of Arunachal Pradesh under the canopy of 

Dendrocalamus hamiltonii. The species exhibits an increasing tendency of RD and RA with 

the rising elevation when the range as a whole is analysed. Beyond the research region, the 

species may, however, exhibit declining patterns as elevation rises. Dogra et al. (2009) also 

documented the decline in native species richness that occurred in the IHR's wooded 

regions when Ageratum conyzoides invaded those areas. It is anticipated that this species 

will spread over the eastern and western Himalayan regions (Lamsal et al., 2018). 

Additionally, it was observed by Ray et al. (2019) that the species had a greater capacity to 

aggressively colonise the lower regions of Arunachal Pradesh. As a result, the present 

research offers an evaluation of the species' range and the biological danger it poses to the 

forest's understory vegetation and native flora. 

Bidens pilosa, a tropical American native and one of the world's most poisonous invasive 

plants, had spread to temperate, tropical, and subtropical areas with success (Ballard, 1986; 

Kosaka et al, 2010; Bartolome et al., 2013). The species can more easily invade new 

environments due to its increased phenotypic plasticity and adaptability (Malik et al., 2016). 

Additionally, the distribution of species in the western and eastern Himalayan parts of IHR 

is gradually increasing as elevation rises from subtropical to subalpine regions (Kosaka et 

al., 2010; Rana et al., 2019; Khatri et al., 2022; Verma et al., 2023). Its current elevational 

ranges in the western Himalaya are predicted to increase its distribution northward by 682 
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m asl; yet, reports place its presence at 3000 m in the eastern Himalayan area (Kosaka et 

al., 2010; Thapa et al., 2018). Though it had been seen in both undisturbed woods and 

grasslands, Bidens pilosa seems to favour disturbed environments (Khatri et al., 2022; 

Osaki et al., 2022). In the present research, these species were also found in the core, 

undisturbed forests of the EHSTWH and EHMCF.  According to the findings, NF, 

AAPSEF, and EHMCF had higher levels of species richness. For this species, open forests 

with little canopy cover above had the highest RD and RA values. The species in question 

prefers open spaces to grow, and the research area's NF offers the right conditions for the 

species with higher canopy gap, which may account for the high values of the 

aforementioned characteristics in this forest. The invasion dynamics of Bidens pilosa in 

Himalayan ecosystems have not received much attention, despite the species' broad 

occurrence in the IHR. 

Chromolaena odorata, often referred to as Siam weed, is one of the scrambling weeds 

(Lioger, 1997) that are said to be the most pervasive in South East Asia, the Pacific Islands, 

India, Australia, and central and western Africa (McFadyen, 2003). According to Lowe et 

al. (2000), this species is among the 100 worst invasive alien plants in the world because of 

its special traits, which include a high reproductive capacity, a dispersion mechanism, and 

the ability to compete in an environment that it had invaded successfully (Joshi, 2001). 

Roadsides, open spaces, and forest clearings are frequent places for this species to invade 

(Azmi, 2002), dry deciduous forests and inner shrub jungles and degraded forests in north-

eastern India (Rao, 1977; Prashanthi and Kulkarni, 2005). The species reported in this 

research is widespread in all kinds of forests, with EHSTWH having the greatest RD and 

RA. In the present research, it is discovered that the species is among the most prevalent 

invaders and that it is urgent to address. Further evidence that some disturbance is necessary 

for these species' invasion comes from the observation of these species establishing on both 

motorable roads and accessible trails within the study region. Rao (1977) also showed that 

AAPSEF, NF, and RF had comparable species richness abundances and distributions in the 

eastern Himalayan region's lower belt. The species' current acceptable habitats are below 

1500 metres; however, it is anticipated that its range will expand to include the eastern 

Himalayan area of the IHR (Lamsal et al., 2018). Furthermore, under future climate 

circumstances, Barik and Adhikari (2012) also emphasized that the eastern Himalayan area 

is more vulnerable to invasion by Chromolaena odorata, with a minor extension towards 
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the north. Thus, the present research offers an evaluation of the distribution pattern and 

invasiveness of this species in various forest types. 

According to Cronk and Fuller (1995), Mikania micrantha is considered the most infamous 

intruder. It is considered to be among the top 100 worst invasive alien species in the world 

(Lowe et al., 2000) and a major danger to biodiversity (Wang et al., 2004).  Born in tropical 

America, the species had expanded to tropical forest zones in north-eastern regions (tropical 

rain forests, moist tropical or subtropical regions) and had become a threat to the eastern 

Himalayan Forest in recent years (Tripathi et al., 2012; Rameshprabu and Swamy, 2015). 

According to Li et al. (2013), the species' distribution is dependent upon the disturbances. 

The species, which climbs both small and large trees and totally covers their canopy, was 

seen more often in EHSTWH, RF, and NF. At lower attitude, Tripathi et al. (2012) saw this 

same pattern in northeastern India. The present research also found that there were 

significant RD and RA in EHSTWH and RF. Furthermore, Mikania micrantha had a high 

possibility of invading the eastern Himalayan region, according to Rameshprabu and 

Swamy (2015). According to present investigation, the extreme invasiveness of the species 

was observed in both wet forest regions and riverine habitats. 

Native to the West Indies, Solanum torvum, sometimes referred to as turkey berry, had an 

invasive quality that had made it a successful colonizer (Welman, 2003). The plant is 

recognised to be an invasive weed of wooded regions, often along river banks, forest 

clearings, and other disturbed habitats (Welman, 2003; Francis, 2004). It had naturalized 

across the tropics and subtropics of the globe, reaching elevations of up to 2000 metres 

(CABI, 2024). Due to its many advantages, this species had grown to be valued in Indian 

and Chinese culture (Jain et al., 1986; An-ming and D'Arcy, 1986; Roddick, 1991).  

Comparing the NF to other forest types, the data demonstrate that the RD and RA are 

substantially more abundant. Even Nevertheless, as the research area's forest kinds go 

higher, the abundance falls. Furthermore, given these characteristics cannot exist under a 

closed forest canopy, the high levels of the parameters indicated in these forest types may 

be the result of open regions with substantial disturbance from human activity (Francis, 

2004).  According to earlier research, the NF area's high disturbance levels and proximity 

to rivers and roads provide ideal conditions for species to grow (Lim and Lim, 2013; 

Martina et al., 2021). 
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Solanum viarum is a fast-growing and aggressive invasive plant that is projected to spread 

to other tropical and subtropical regions throughout the globe due to its invasive trait (Nee, 

1991). The species is often connected with human disturbances (Medal et al., 2012) and 

grows in the understory of rainforests, grasslands, and shrubby thicket dry forests (Nee, 

1991). This plant is recognised as an important weed for a variety of traditional and modern 

purposes (CABI, 2024) and is found across India (GISIN, 2008). However, its invasion 

patterns within India have not been well studied. The study discovered that NF had the 

greatest RD and RA, followed by RF, AAPSEF, EHMCF, and RF. Recent research 

indicates that this species, which is mostly found in the eastern Himalayas at elevations 

below 2000 metres (Parker, 1992), encroaches on natural habitats such riverine regions and 

the borders of forests. Furthermore, it is anticipated to proliferate as an invasive species 

across the grasslands and forest regions of the whole eastern Himalayan region of Asia (Qi 

et al., 2023). The species' higher RD and RA values in NF also indicate its predilection for 

disturbed environments associated with human activity, since the forest types are quite 

close to the road. Furthermore, the present research found a similar pattern of invasion in 

lower foothill forest types in the Himalayan area to that described by Singh et al. (1998). 

Synedrella nodilfora is an invasive species that originated in the West Indies but had since 

spread around the globe, particularly in tropical and subtropical regions (CABI, 2024). 

Holm et al. (1991) identified this species as a dangerous and aggressive pest in seven 

countries, and it is a frequent plant in gardens, disturbed areas, and wastelands. These 

species are widespread across disturbed tropical and subtropical regions and they exhibit 

resilience to a wide variety of environmental stressors (CABI, 2024). The species' 

invasiveness had not received much attention, but research had shown that its seeds can 

contaminate legume cover crops (Tasrif et al., 1991), serve as a host for insects, pathogens, 

and root knot nematodes (Kemp, 1998), and affect the local native population. In NF and 

RF, the species was common due to the high degree of disturbance in the study location. 

Nonetheless, many IHR studies have shown that they are present in the eastern and western 

Himalayan lower foothills (Shankar et al., 2012; Nayak et al., 2024). The species was 

common in NF and RF due to the high degree of disturbance in the study area. The greater 

RD and RA values of the species at NF and RF might be attributed to the continual 

interference of human activities and cattle, which provides free space for them to develop 

and multiply. Furthermore, many forest types are located near roadways and have seen 

significant disturbance. 
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As a competitive invasive shrub, Triumfetta rhomboidea is found throughout the tropics 

and subtropics of the world (Iqbal et al., 2010). It grows in a variety of disturbed habitats, 

including wastelands, pastures, open forest hillsides, forest clearings, woodland margins, 

and cultivated areas (CABI, 2024). The plant is endemic to tropical America; its 

competitive invasion of pastures and damaged wooded areas hinders the establishment of 

native species (Lay, 1950; Reddy, 2008). Consequently, it is classified as invasive in twelve 

countries, including India (CABI, 2024), where there is abundant (Motooka, 2003). In the 

present research, the species was more common in RF than it was in NF or other forest 

types. Both kinds of forests might have been greatly disturbed by human activity as well as 

by cattle. According to Verma and Joshi (2021), the western Himalayan area showed 

similar distribution trends. Furthermore, the species uses the disturbances (CABI, 2024) 

and goes to a new habitat (Wells et al., 1986; Valkenburg and Bunyapraphatsara, 2001; 

Raju and Rani, 2017), therefore invading a fresh territory. Since the forest type is more 

disturbed and closer to the road, the species seems to favour disturbance, as shown by the 

highest values of RD and RA for this species in RF. The present research also found that 

these species have begun to develop thick stands in various forest types, which is restricting 

the expansion of native populations as described by Motooko (2003). The findings of the 

present research support a different interpretation of McCormack's (2007) finding that these 

species have little effect in intact ecosystems. 

Invaded most of the tropical and subtropical parts of the globe, urena lobata had been 

classed as an aggressive noxious weed (Randall, 2012) and fast-growing plant with 

capabilities of establishing dense patches and monospecific stand (Langeland et al., 2008). 

Furthermore, the plant may develop in damaged environments and replace the natural flora 

by means of thick stands (Francis, 2004). But little is known about the ecology of these 

species, which makes management of their spread difficult (Austin, 1999; Awan et al., 

2014). In the present work, the species was present conspicuously in NF and EHMCF and 

in invasiveness; percentage values for AAPSEF, EHMCF, and RF were correspondingly 

high. With a presence of 0.5 to 0.75% of presence, these species are also projected to grow 

in the eastern Himalayan lower foothills (Ray et al., 2019). The greater value of RD and 

RA of the species in NF and EHMCF might be related to great disturbance in these forest 

types which have enabled to created dense population and creating a haven to proliferate 

more in the region. Francis (2004) also reported the species invasiveness in some habitats 

including disturbed forest, shrubland, riparian areas, forest margins, roadsides; similarly, 
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the species invasion had been observed in the riverine areas as well as the temporary forest 

of the study area, where there is accessible paths or roadside. 

4.7 Conclusion  

The present study concludes that the five forest types of Pakke Tiger Reserve are invaded 

by invasive alien plant species and their proliferation are expanding rapidly. The patterns 

of IAPs distribution do not exhibit any trends but vary at every forest type as the kinds of 

the study region start from riverine area up to the summit of the mountain in the core forest 

(105-2040 m asl). These IAPs preferred the disturbed forest sites of AAPSEF, NF and RF 

due to increased anthropogenic activities. The sites are heavily invaded by A. conyzoides, 

C. odorata and M. micrantha in combines, along the motorable as well as trekking roads 

while T. rhomboidea and U. lobata are more near the riverine and non-forest areas. 

Although the higher elevation sites of EHMCF and EHSTWHF have fewer invasions in 

comparison to AAPSEF, NF and RF. this indicates that in higher altitude, IAPs seems to 

have less impacted due to non-disturbances of human and thick forest canopy cover as they 

are more in open areas. With these species, some native species are also growing near the 

invaded areas, this native species should be considered for replacing them after removal of 

IAPs. These native species should be taken into consideration while preparing management 

strategies as this could be the solution for controlling the invaded forested region of the 

study area. The findings also reveal the same tendencies as those of the worldwide research 

on the mountainous environment, namely declining of the IAPs along the higher elevation 

in forest types. The declining IAPs percentage in line with decreasing disturbance also 

implies that the major cause of IAPs' spread in the studied region is disturbance. Developing 

proper management strategies is the only option in the eastern Himalayan region to counter 

these alarming dangers. 

******************* 
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Chapter 5  

Phenology of Selected Invasive Alien Plant species 

5.0 Introduction  

Phenology is the scientific study of the chronological occurrence of life cycle events 

associated with the seasons (Rathcke and Lacey, 1985; Morisette et al., 2009). The term 

phenology is originated from the Greek word “phaino”, which means to show or to appear 

and integrated predictor of species procedures to environmental events (IPCC, 2014). The 

pioneer of phenology as a discipline was Carl Linnaeus, who described the aims and 

approaches of phenological investigation in his book “Philosophia Botanica” in 1751. Plant 

phenology is the study of seasonal changes of life events such as flowering, fruiting, leaf 

initiation and leaf falls (Barve et al., 2009; de Beurs and Henebry, 2008), which contributes 

significantly to terrestrial ecosystems in production systems and acts as a primary climate 

change predictor (Ollerton and Lack, 1992; Penuelas and Filella, 2001; Fitter and Fitter, 

2002; Cleland et al., 2007; Chuine, 2010; Cara Donna et al., 2014; Thackeray et al., 2016; 

Zettlemoyer et al., 2019). Phenological patterns have a major role in determining the 

seasonal movement of materials and energy between the atmosphere and the ground surface 

(Chuine et al., 2000). In addition, the patterns are considered accurate and sensitive markers 

of climate changes (Beaubien and Freeland, 2000; Sparks et al., 2009).  

According to Cornelius et al. (2013) and Bucher and Romermann, (2020), phenological 

patterns show a substantial influence on the climatic conditions such as temperature, 

precipitation (rainfall), soil and moisture especially in the mountainous regions (Machado 

et al., 1997; Marques et al., 2004; Korner, 2007; Kopp et al., 2020). Due to complication of 

mountain topography, it further led to higher rate of beta diversity, species richness and 

high degree of turnover with altitudes (Elsen et al., 2018; Ahmad et al., 2020). These 

climatic variables are considered the most significant antecedent parameters of the 

environment that regulate plant phenology (Reeves and Coupland, 2000; Zhao et al., 2012). 

However, these climatic conditions do not directly induce or synchronize phenological 

phenomena (Hamann, 2004) but indirectly trigger phenological patterns in the higher 

latitude’s ecosystem (Souza and Funch, 2017). Therefore, understanding phenological 

patterns aids knowledge of the biological characteristics and regulatory aspects of several 

phenophases such as leaf fall, leaf initiation, flowering and fruiting (Kikim and Yadava, 
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2001). However, there is a lack of studies investigating phenological pattern or phenophases 

of invasive species in relation to climatic variables. Therefore, this strongly meaningful 

research was carried out to study phenological research in the region. The present study 

focused on the invasive alien plant species phenological patterns or phenophases in relation 

to climatic variables viz., temperature, precipitation and humidity in five different forest 

types of Pakke Tiger Reserve, Arunachal Pradesh. The research examined the whole annual 

cycle of the selected nine invasive alien plant species in response to climatic variables.  The 

eastern Himalayan region of Pakke Tiger Reserve is relatively unexplored from the research 

perspective in terms of phenological events. Therefore, this region holds within immense 

riches which are yet to be completely uncovered. The present study investigated the effect 

of temperature, precipitation and humidity on the phenophases of nine invasive alien plant 

species along the 105 to 2050 m elevation in the eastern Himalayan region of Arunachal 

Pradesh. 

5.1 Methodology  

5.1.1 Study Area 

The study area, Pakke Tiger Reserve (PTR; 26o55’ to 27o15’E: 92o35’ to 93o10’N; Figure 

5.1) lies in the western part of Arunachal Pradesh in Indian Himalayan region. The reserve 

covers an area of 861.95 km², with elevation ranging from 150 to 2050m above the sea 

level. Details descriptions of the study area, climatic conditions and selected species are 

given in chapter 3. The phenological observation was carried out for a period of one year 

during January 2021 to December 2021. The location of west bank is selected for the study 

because all forest sites i.e., Assam Alluvial Plain Semi Evergreen Forest (AAPSEF), East 

Himalayan Mixed Coniferous Forest (EHMCF), East Himalayan Subtropical Wet Hill 

Forest (EHSTWH), Non-Forest (NF) and Riverine Forest (RF; Champion and Seth, 1968; 

FSI, 2009) are located within a range of 50 km, with same or less macro-climatic condition 

for phenological observation (Table 5.1). In each of these five forest types, 400 m² 

(20X20m) plot was demarcated to study and monitored the major phenophases of the 

selected invasive species.  All the selected invasive species were considered for the study 

because of their abundance and invasiveness after a month-long reconnaissance survey in 

36 different locations across different forest types of Pakke Tiger Reserve. Monthly 

variation in precipitation, relative humidity and temperature (minimum and maximum) 

during the study period is given in fig. 5.2.  
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5.2 Selected Species for the Study 

Nine invasive alien plant species namely, Ageratum conyzoides L., Bidens pilosa    

L., Chromolaena odorata (L.) R.M. King & H. Rob., Mikania micrantha Kunth and 

Synedrella nodiflora (L.) Gaertn. of Asteracceae family, Solanum torvum Sw. and Solanum 

viarum Dunal of Solanaceae family, Triumfetta rhomboidea Jacq. and Urena lobata L. of 

Malvaceae family were selected for the phenophases study. These are the most dominant 

invasive species common to five forest types i.e., Assam Alluvial Plain Semi Evergreen 

Forest (AAPSEF), East Himalayan Mixed Coniferous Forest (EHMCF), East Himalayan 

Subtropical Wet Hill Forest (EHSTWHF), Non-Forest (NF) and Riverine Forest (RF) of 

Pakke Tiger Reserve. Among these selected species five of them are herbaceous (Ageratum 

conyzoides, Bidens pilosa, Mikania micrantha, Solanum viarum and Synedrella nodiflora) 

while rest are shrubs (Chromolaena odorata, Solanum torvum, Triumfetta rhomboidea and 

Urena lobata).   

5.3 Phenological Monitoring 

To record the major phenophases (viz., flowering, fruiting, leaf initiation and fall) of the 

selected invasive species, four 5 x 5m plot for shrub (each for four shrub species) and five 

1 x 1m plot for herbaceous (each for herb species) were laid in each forest types of Pakke 

Tiger Reserve. Thus, in total, twenty plots of shrubs and twenty-five plots of herbs across 

the five different forest types in the study transect. For shrub and herb species, phenological 

records were taken on the whole population of each species individually (Negi et al., 2022). 

All of the individuals growing inside the plot were identified as a ‘population’ for each 

species (Plos et al., 2024). The plots were laid in the area where maximum invasiveness 

was observed. The phenological patterns viz., flowering, fruiting, leaf initiation and fall 

were monitored visually following USA-NPN protocols (Denny et al., 2014). 
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Figure 5.1: Map of the study area in Pakke Tiger Reserve showing phenological 

observation sites in five forest types. AAPSEF-Assam Alluvial Plain Semi Evergreen 

Forest, EHMCF -East Himalayan Mixed Coniferous Forest, EHSTWH-East Himalayan 

Subtropical Wet Hill Forest, NF-Non-Forest and RF-Riverine Forest. 
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The USA-NPN protocol, also known as status-based monitoring, is used in the present 

study because the selected invasive species are herbaceous and shrubs, not trees and 

observation are based on population. From these protocols, two phenophases from 

vegetative phenophases, one from reproductive phenophases and one phase from fruit or 

seed phenophases were considered for observation. A weekly population-level 

phenophases monitoring was conducted in accordance with the guidelines provided by 

Cornelius et al. (2011) and Panchen et al. (2014). The onset of a phenophases was defined 

as occurring in around 10% of the individual under observation and its peak was reached 

when it transpired in over 80% of the individuals (Ralhan, 1985; Negi, 1989; Thapa and 

Baburam, 2023). The specific phenophases was deemed to have culminated when the 

remaining 10% of individuals displayed it (Negi et al., 2022). These protocols are designed 

to quantify the onset, duration and intensity of plants phenophases (Denny et al., 2014) as 

well as status monitoring of events such as presence or absence of leaves, flower, fruit and 

initiation of plants during a repeated series of observation (Morellatoet al., 2010; Crimmins 

et al., 2013).   

Table 5.1: Study site selected for phenophases observation in different forest types of 

Pakke Tiger Reserve. 

Forest types/site Latitude  Longitude Elevation 

(m asl) 

Distance to 

village (km) 

AAPSEF (Mobuso) 26.987778 93.003444 243 1.8 

EHMCF (West Bank) 26.950778 92.981222 234 1.6 

EHSTWH (Laling) 27.025722 92.981778 857 6 

NF (West Bank) 26.947812 92.98592 159 0.5 

RF (Langka) 27.003278 93.033333 177 0.9 

*AAPSEF- Assam Alluvial Plain Semi Evergreen Forest, EHMCF- East Himalayan Mixed Coniferous 

Forest, EHSTWH- East Himalayan Subtropical Wet Hill Forest, NF- Non-Forest & RF- Riverine Forest. 

5.4 Calculation and Statistical Analysis 

For the calculation of phenophases, average of climatic parameters i.e., precipitation, 

relative humidity, minimum and maximum temperature (mean value of month) for the 

whole studied period was taken for convenience of data analyses. These averages exhibit 

a standard model of species development in the observation year (Orlandi et al., 2007), 

giving a clear-cut data for the analyses. Moreover, duration of each phenophases was 

counted in number of days and duration of months in the studied period for easy 
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calculation. The variability of the phenological data was analysed by examining each 

phenophases of the invasive species over the course of a year in the study area. In order 

to determine the difference in each forest types, mean of the each phenophases with 

standard deviation (SD) in a month, ranges describing the duration of each phenophases 

in a month, duration giving the total number of days of each phenophases in each forest 

sites and coefficient of variation (CV) evaluating the degree of homogeneity of each 

phenophases in each species across the forest types of Pakke Tiger Reserve. 

In addition, the mean value of the coefficient of variation across the different forest types 

explains the inter-annual variation of phenophases in the whole study area. Moreover, 

coefficient of variation was calculated following the standard formula (standard 

deviation/mean) and tabulated based on the mean values of each species phenophases, 

given in percentage. The CV defines the homogeneity if less or equal to 30% while more 

than 30% indicate heterogeneity in the phenophases. The phenological data of 

phenophases are recorded in binary data matrix (1= phenophases presence, 0= 

phenophases absent) against the months of a year i.e., January to December (Khan et al., 

2018). The phenological stage of the species was calculated by adding the total number 

of phenophases stage of months in a year (Khan et al., 2015).  Furthermore, variation of 

phenophases between the forest types was analysed by a repeated-measure analysis of 

variance (ANOVA) followed by Post-hoc Tukey pairwise test (Ronnenberg et al., 2011), 

if found significant differences.  

Linear regression, correlation and canonical correspondence analysis (CCA) was 

employed to determine the association between climatic parameters and phenophases in 

the habitats affected by the invasive alien plant species. The phenophases of the selected 

invasive species were found similar across the different forest types and combine into one 

data set for all analyses following Dech and Nosko (2004).  Moreover, canonical 

correspondence analysis was carried out to find the influence of environmental variables 

by comparing phenophases data with the meteorological matrix of precipitation, relative 

humidity, minimum and maximum temperature data (Hegazy et al., 2012).  These 

analyses were based on the annual mean values discovered for each species. The 

relationship between phenophases and climatic parameters was analysed using Pearson 

correlation (Orlandi et al., 2007).  Also, linear regression analysis was used to determine 

the relationship between the climatic variables and phenophases in which climatic 

variables were used as independent variables while phenophases as dependent variables 



- 94 - 
 

(Lou et al., 2007: Ullah et al., 2022). The Pearson correlation coefficient (R2) was 

determined for linear regression for the present study. All the descriptive statistics, 

correlation, regression, canonical correspondence analysis (CCA) and analysis of 

variance (ANOVA) were performed using Microsoft excel and PAST software version, 

5.0.2 (Hammer et al., 2001).  

 5.5 Results 

The location of the phenological data carried out in five different forest types i.e., Assam 

Alluvial Plain Semi Evergreen Forest, East Himalayan Mixed Coniferous Forest, East 

Himalayan Sub-Tropical Wet Hill, Non-Forest and Riverine Forest of Pakke Tiger 

Reserve during the phenophases observation are summarized in the Table 5.1. The 

phenograms of nine selected species during the study period in each forest types are 

shown in Fig. 5.2. The phenograms clearly display the different phenophases in each 

month of the year and difference in phenophases in different forest types of Pakke Tiger 

Reserve. 

5.5.1 Phenophases  

In the study area, phenophases (Flowering, Fruiting, Leaf fall and Leaf initiation) were 

observed in order to understand the effect of climatic parameters (Precipitation, Relative 

Humidity, Minimum and Maximum Temperature) during the one-year study period. The 

study revealed that the meteorological variables have certain influences on the 

phenophases of these invasive alien species in the study region. Moreover, some of the 

invasive species exhibited early phenophases in comparison among the different forest 

types in study area (Fig. 5.2). 

5.5.1.1 Leaf Initiation  

The present study shows that Ageratum conyzoides had an average coefficient of variation 

value of 61.4% indicating their asynchronous leaf initiation across the study area (Table 

5.2). The highest coefficient of variation was observed in EHSTWH (67.7%) and lowest 

in NF (35.9%). The initiation period was longest in NF (12-31 days) and shortest in both 

EHMCF and RF (03-31 days) respectively (Table 5.2).  Moreover, their duration was 

highest in EHMCF (108±12.9 days) and lowest in EHSTWH (59±13.3 days) with a mean 

average of 85±12.5 days in a year.  Leaf initiation continued for a long period starting 

from late April to early August of the study period. 
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(B) East Himalayan Mixed Coniferous 

Forest 

 

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

Jan

Feb

March

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Leaf initiation Flowering Fruiting Leaf fall

a b 

c d 

e f 

g h 

i 



- 97 - 
 

  

  

  

  

 

 

 

 

 

(C) East Himalayan Sub-Tropical Wet Hill 
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(E) Riverine Forest 
Figure 5.2: Details phenograms of selected nine 

invasive alien plant species across the five forest types 

in study area- (A) Assam Alluvial Plain Semi Evergreen 

Forest, (B) East Himalayan Mixed Coniferous Forest (C) 

East Himalayan Sub-Tropical Wet Hill, (D) Non-Forest 

and (E) Riverine Forest. * (a) Ageratum conyzoides, (b) 

Bidens pilosa, (c) Chromolaena odorata, (d) M. 

Micrantha, (e) Solanum torvum, (f) Solanum viarum, (g) 

Synedrella nodiflora, (h) Triumfetta rhomboidea, and (i) 

Urena lobata. 
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In contrast, leaf initiation of Bidens pilosa lasted from late April to early July of the study 

period (Fig. 5.2), with the EHMCF (108±12.9days) having the longest duration while the 

lowest duration was found in EHSTWH (59±13.3 days). The average duration of Bidens 

pilosa was 79.6±13.3 days in a studied period. Moreover, range of period in a month was 

highest in AAPSEF, EHSTWH and NF (05-31 days) and lowest was in EHMCF and RF 

(03-31 days) during the study period. Further, coefficient of variation was found highest in 

NF (68.7%) and the lowest was in RF (8%) with an average of 52.4% indicating their 

asynchronous leaf initiation in the study sites.  

However, coefficient of variation of Chromolaena odorata was found maximum in RF 

(86%) and minimum in EHMCF (31%) and NF (31%) having an average of 54.5% 

indicating asynchronous degree of phenology across the sites. Leaf initiation range in a 

month was highest in NF (12-31 days) and lowest in (03-31 days) in the study region (Table 

5.2). Moreover, the longest duration was found in EHMCF (165±12.9 days) and NF 

(165±8.3 days) having an average of 109.8±12.4 days in a year. These species phenology 

start from late April to early October of the study period. However, phenology of Mikania 

micrantha starts from late June to early October during the study period (Fig. 5.2). Duration 

of these phenophases were found highest in NF (152±0.4 days) and lowest in AAPSEF 

(109±2.8 days) with an average of 125.4±2.4 days in a year. The length of these 

phenophases during a month was higher in NF (29-31 days) and lower in EHMCF (11-31 

days) in the study area (Table 5.2). Additionally, coefficient of variation was found 

maximum in EHMCF (39.08%) and minimum in NF (2.9%). The average value of these 

species was 19.8% across the forest types denoting homogenous degree of the phenophases 

in the study area. 

In contrast, the average coefficient of variation of Solanum torvum (47.2%) was found to 

be diverse and different from each forest types as their initiation start from late April to 

early August. The maximum coefficient of variation was observed in EHSTWH (50%) and 

minimum in EHMCF (16.8%) in the study area (Fig 5.2). The highest and lowest range of 

these phenophases was observed in EHMCF (20-31 days) and RF (05-31 days) 

respectively. Moreover, duration of initiation phenology was highest in EHMCF (143±11.2 

days) and minimum in NF (69±9.1 days) while their average was 89.8±10.8 days in the 

studied period.  
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However, Solanum viarum average duration (98.4±8.4 days) was greater than Solanum 

torvum in the studied year while their maximum and minimum was found in NF (131±10.1 

days) and EHSTWH (61±14 days) respectively. During the month, the longest phenophases 

was observed in RF (28-31 days) and EHSTWH (04-31 days) as their initiation started from 

late April to early August in the study area. Moreover, the coefficient of variation was 

highest in EHSTWH (69.9%) and lowest in RF (5.7%) across the study area (Table 5.2). 

Likewise, the phenophase of Solanum torvum, show similar degree of heterogeneity with 

Solanum viarum (35.5%) in the entire study area. In the study area, Synedrella nodiflora 

had an average duration of 93.6±10.3 days in the whole period with maximum in AAPSEF 

(125±8.3 days) and minimum in EHSTWH (72±11.2 days; Fig. 5.2). 

This species phenophases started from late April to early September (Fig. 5.2) and range of 

phenology during the month was 12-31 days (AAPSEF) to 05-31 days (RF). In addition, 

this species average coefficient of variation was 43.6% which describe the degree of 

heterogeneity across the study area. The maximum and minimum coefficient of variation 

was found in RF (52.8%) and AAPSEF (33.5%) in the study region.  

 In the present study, Triumfetta rhomboidea phenophases start from late April to early 

September (Fig. 5.2) and their ranges of phenophases during a month was 22-31 days (RF) 

to 04-31 days (AAPSEF) in the study region. The average phenophases duration was 

127.4±8.04 days during the study period with RF (173±3.5 days) having the maximum and 

NF (75±9.5 days), the minimum duration. In addition, the maximum coefficient of variation 

was observed in AAPSEF (53%) and minimum in RF (12.2%) while their average was 33 

% which clearly surpassed the degree of homogeneity across the study area (Table 5.2). 

The descriptive statistic of Urena lobata clearly shows that the range in a month was highest 

in AAPSEF as well as RF (26-31 days) and lowest in EHMCF (02-31 days). Moreover, 

average duration during the whole year was 112.4±6.3% with RF (179±1.9 days) having 

the longest duration and EHSTWH (81±4.3 days), the shortest duration. Urena lobata 

initiate their phenology from late April to early July (Fig. 5.2) and their average coefficient 

of variation (29.2%) describes the synchronous phenophases across the study area. The 

maximum coefficient of variation was observed in EHMCF (64%) and the minimum was 

found in RF (6.5%) in the present study (Table 5.2).  
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Table 5.2. Descriptive statistics of leaf initiation phenology across the forest types in Pakke Tiger Reserve. 

L
ea

f 
in

it
ia

ti
o

n
 

Forest 
Descriptive 

Statisitcs 
AC BP CO MM SN ST SV TR UL 

AAPSEF 

Mean± SD 21±12.1 21±12.1 21±12 27.2±2.8 25±8.3 23.7±11.2 26.3±6.4 23±12 28±2.1 

Range 5-31 5-31 5-31 19-31 12-31 7-31 19-31 4-31 26-31 

CV% 58 58.06 58 20.8 33.5 47.5 24.14 53 7.52 

Duration 84 84 84 109 125 95 79 138 144 

EHMCF 

Mean± SD 21.6±12.9 21.6±12.9 21.6±12.9 24±4.1 23.4±10 28.6±4.8 26.2±10.1 23.8±10.7 21±137 

Range 3-31 3-31 5-31 11-31 11-31 20-31 8-31 9-31 2-31 

CV% 59.7 59.7 31 39.08 46.9 16.8 38.8 45 64 

Duration 108 108 165 120 72 143 131 143 84 

EHSTWH 

Mean± SD 19.66±13.3 19±13.3 21.6±14 30±0.7 24±11.2 23.6±11.8 20.3±14 27±4.5 27±4.3 

Range 5-31 5-31 5-31 28-31 11-31 10-31 4-30 21-31 22-30 

CV% 67.7 67.7 66.7 4.71 46.9 50.05 69.9 16.8 16.14 

Duration 59 59 65 120 72 71 61 108 81 

NF 

Mean± SD 26±9.3 19.2±13.2 27±8.3 30.4±0.4 25.7±9.8 23±9.1 26.2±10.1 25±9.5 18.5±9.6 

Range 12-31 5-31 12-31 29-31 11-31 13-31 8-31 14-31 8-31 

CV% 35.9 68.7 31 2.94 38.2 39.8 38.8 38.15 52.3 

Duration 104 77 135 152 103 69 131 75 74 

RF 

Mean± SD 17.5±15 17.5±15 17±15 25.2±3.5 24±12.6 17.7±14.7 30±1.7 28.8±3.5 29.8±1.9 

Range 3-31 3-31 3-31 13-31 5-31 5-31 28-31 22-31 26-31 

CV% 86 8 86 31.7 52.8 82 5.7 12.29 6.5 

Duration 70 70 70 126 96 71 90 173 179 

* AC- Ageratum conyzoides, BP- Bidens pilosa, CO- Chromolaena odorata, MM- M. Micrantha, ST- Solanum torvum, SV- Solanum viarum, SN- Synedrella nodiflora, 

TR- Triumfetta rhomboidea, UL- Urena lobata and LI- Leaf Initiation
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5.5.1.2 Flowering  

The duration of flowering phenophases in all the selected species are different in each forest 

types of Pakke Tiger Reserve.  However, some of the species have synchronous flowering 

phase in the same months of the year. This might have been due to influence of climatic 

parameter on the particular species. All the selected species i.e., Ageratum conyzoides, 

Bidens pilosa, Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum 

viarum, Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata have different 

flowering phase in the study area. Moreover, duration of the flowering phenophases in each 

forest was quite different in all selected species in each forest types (Table 5.3). The 

duration of A. conyzoides flowering ranges from 211±7.9 days (AAPSEF) to 112±9 days 

(NF) with an average mean of 165.8±9.1 days in the study area (Table 5.3). Regarding 

variability, the range of coefficient of variation (CV) was found highest in EHSTWH 

(47.8%) followed by EHMCF (37.7%), AAPSEF (30.2%), RF (19.3%) and NF (11.3%) 

with an average of 29.2% indicating the degree of homogeneity in flowering phenophases 

across the forest types. Moreover, the numbers of the flowering days in a month were 

longest in NF (24-31 days) while the least was observed in EHSTWH (5-31 days). In 

addition, flowering phenophases of A. conyzoides was detected from the month of July to 

February while the peak period was observed from early August to late November in all the 

forest types of the study area (Table 5.3). Moreover, coefficient of variation was highest in 

EHSTWH (52.1%) followed by AAPSEF (43.4%), EHMCF (26.8%), NF (22.2%) and RF 

(19.2%) respectively. The average value of coefficient of variation was 32.7 indicate the 

degree of heterogeneity in their phenophases with the longest number of flowerings was in 

RF (17-31 days) and the least was observed in EHSTWH (01-31 days).  

In addition, Chromolaena odorata has a maximum flowering length of 154±7.9 days 

(EHSTWH) and the minimum were 76±4.5 days (EHMCF) with an average of 102.4±7.1 

days across the different forest types. The synchronous peak flowering was observed from 

the month of October to December in all forest types (Fig. 5.2). The longest number of 

flowerings in a month was found in AAPSEF (23-31 days) while the least was RF (7-31 

days) and the coefficient of variation was found highest in RF (48.2%) followed by NF 

(32.6%), EHSTWH (30.9%), EHMCF (17.7%) and AAPSEF (12.7%), respectively. 

Moreover, the average value of CV (28.4%) suggests synchronous flowering across the 

study area. In contrast, coefficient of variation of Mikania micrantha has an average value 
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of 55.2% which indicate asynchronous degree of flowering across the forest types. The 

highest coefficient of variation was found in EHMCF (66%) and the least was NF (34%) in 

the study area. Moreover, duration of flowering was longest in AAPSEF (80±6.4 days) 

while the shortest was RF (66±8 days) with an average of 84±6.2 days in Pakke Tiger 

Reserve. The number of flowerings was highest in NF (15-31 days) followed by RF (6-31 

days) and the shortest was in EHSTWH (03-31 days). The peak blooming time of Mikania 

micrantha was observed from November to December while the initiation started in 

October lasted till January in the study region (Fig. 5.2). Similarly, the peak flowering time 

of Bidens pilosa was also observed from early August to November with the phenophases 

starting from the month of July to January (Fig. 5.2). The length of flowering duration 

ranged from 219±12.6 days (EHSTWH) to 159±7.1 (NF) with an average of 156.6±8.6 

days across the forest types (Table 5.3).  

The species, Solanum torvum displayed degree of homogeneity with an average coefficient 

of variation value of 27.1% indicating synchronous flowering across the study area. The 

highest coefficient of variation was observed in EHMCF (54.5%) and smallest coefficient 

of variation was found in NF (5.3%) representing their degree of flowering phenophases. 

The flowering days in a month was highest in AAPSEF (26-31 days) while the least was 

found in EHMCF (04-31 days) Moreover, longest flowering duration was observed in 

AAPSEF (175±4.5 days) and the shortest was found in NF (93±5.8 days) with an average 

value of 125±7.8 days across the studied region. The peak blooming occurred from October 

to December though their initiation started lately in July tilled early January (Fig. 5.2).  

However, Solanum viarum does not display degree of homogeneity as its average value 

(35.6%) exceeded the accepted range of coefficient of variation. The highest coefficient of 

variation was found in EHSTWH (54.2%) while the least was observed in EHMCF 

(6.04%). Duration of flowering was longest in EHMCF (176±1.9 days) and shortest 

duration was in RF (131±7 days) with an average of 147.8±8.5 days. In addition, EHMCF 

(26-31 days) have the longest flowering period in a month while the shortest period was in 

EHSTWH (02-31days). Moreover, the peak flowering was observed from September to 

November while their initiation was started from late in June and lasted till early January 

(Fig. 5.2).   
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Table 5.3. Descriptive statistics of flowering phenology across the forest types in Pakke Tiger Reserve. 
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Forest Descriptive 

Statistics 

AC BP CO MM SN ST SV TR UL 

AAPSEF Mean± SD 26.37±7.96 24.8±12.1 28.2±3.5 20±6.4 28.6±2.9 29±4.5 23.1±11 27±6.2 27.1±5.2 

Range 13-31 5-31 23-31 4-31 24-31 26-31 5-31 15-31 19-31 

CV% 30.19 43.4 12.7 64 10.2 7.32 51.3 23.3 19.39 

Duration 211 199 113 80 172 175 139 162 163 

EHMCF Mean± SD 25.28±9.5 26.5±7.1 25.3±4.5 19.7±6.5 24±10 22.±12.2 29.3±1.9 22.6±11 25.4±10 

Range 7-31 13-31 21-30 4-31 10-31 4-31 26-31 5-31 4-31 

CV% 37.7 26.8 17.7 66 42 54.5 6.04 51.8 39.7 

Duration 117 159 76 79 144 136 176 113 178 

EHSTWH Mean± SD 24.37±11.6 24±12.6 25.6±7.9 24±5.3 25±8.8 24±10.1 22.8±12.3 24.1±10 27±6.2 

Range 5-31 1-31 14-31 3-31 10-31 7-31 2-31 5-31 16-31 

CV% 47.8 52.1 30.9 50 35.3 42.3 54.2 44 23.12 

Duration 195 219 154 120 125 120 137 145 135 

NF Mean± SD 28±3.1 27±6 25.6±8.3 25±5 24.5±7.8 23.2±5.8 26±10.3 28.8±4.3 27.42±5.5 

Range 24-31 16-31 19-31 15-31 14-31 6-31 5-31 21-31 18-31 

CV% 11.29 22.2 32.6 34 32 50.3 39.6 15.21 20.06 

Duration 112 162 77 75 98 93 156 144 192 

RF Mean± SD 27.71±5.3 27.7±5.3 23±11.1 22±8 26.75±4.4 25.2±6.5 26.2±7 24.2±9.6 28.1±5.4 

Range 17-31 17-31 7-31 6-30 22-31 17-31 14-31 9-31 16-31 

CV% 19.28 19.2 48.2 62 16.54 25.9 27.04 39.9 19.4 

Duration 194 194 92 66 107 101 131 121 197 

* AC- Ageratum conyzoides, BP- Bidens pilosa, CO- Chromolaena odorata, MM- M. Micrantha, ST- Solanum torvum, SV- Solanum viarum, SN- Synedrella nodiflora, TR- Triumfetta 

rhomboidea, UL- Urena lobata and FL- Flowering.
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In contrast to Solanum viarum, coefficient of variation of Synedrella nodiflora (27.2%) 

indicated a homogenous degree of flowering across the forest types with the maximum in 

EHSTWH (35.3%) and the minimum in AAPSEF (10.2%). Flowering duration was longest 

in AAPSEF (172±10.2 days) and shortest in NF (98±7.8 days) and have an average of 

129.2±6.78 days in the study region. Additionally, the longest and shortest flowering period 

in a month was observed in AAPSEF (24-31 days) and both in EHMCF and EHSTWH (10-

31 days). The peak flowering period was observed from September to December while their 

blossoming start in late August and finished their flowering period in early January (Fig. 

5.2). 

Triumfetta rhomboidea flowering duration was longest in AAPSEF (162±6.2 days) and 

shortest in EHMCF (113±11 days) with an average of 137±6.4 days across the study area. 

These species flowering period in month was longest in NF (21-31 days) and shortest in 

both EHCMF and EHSTWH (05-31 days). In case of variability, coefficient of variation 

(34.8%) was found to be asynchronous as the maximum coefficient of variation was found 

in EHMCF (51.8%) and the minimum in NF (15.2%), respectively. The flowering of these 

species started in late August continued till early January while its peak was observed in 

September to late November in the study area (Fig. 5.2).  

Lastly, Urena lobata (24.3%) show synchronous flowering degree in all the study sites 

where the maximum and minimum coefficient of variation were found in EHCMF (39.7%) 

and AAPSEF (19.3%). These species have the longest flowering duration in RF (197±5.4 

days) and the shortest in EHSTWH (135±6.2 days) and have an average of 173±6.4 days 

in a year. During the months, the longest and shortest period of flowering were found in 

AAPSEF (19-31 days) and EHMCF (05-31 days). Urena lobata started to flower in late 

July and continued till early January, with its peak session in between August- November 

in the study period (Fig. 5.2).  

5.5.1.3 Fruiting  

After flowering, the most important stage in a plant life is fruiting. In the present study, 

fruiting of selected invasive species were more or less similar in all the forest types and 

these might be due to influence of climatic parameters or biotic factors (Table 5.4). The 

fruiting phenology of Ageratum conyzoides across the study sites was different as their 

duration was longest in AAPSEF (107±3.4 days) and shortest in NF (67±9 days) with an 

average of 90.8±8.04 days in a year. Moreover, average coefficient of variation was 36.5% 
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which indicate their different fruiting phenophases across the forest types. Their fruiting 

period in a month was highest in AAPSEF (24-31 days) while the least was EHMCF (01-

31 days). These species started fruiting phenophases from late November to early March 

and its peak period was between Decembers to January (Fig. 5.2). In the present study, 

duration of Bidens pilosa fruiting was longest in RF (99±7.4 days) and lowest was observed 

in EHSTWH (74±6 days) with a mean average value of 82.6±8.3 days in a study period.   

During the month, the longest fruiting period was observed in EHSTWH (19-31 days) while 

the shortest was in EHMCF (01-31 days) across the forest types. However, the average 

coefficient of variation was 50% suggesting diverse fruiting phenology in all the study sites. 

The fruiting of these species was started in late October and lasted up to early March of the 

study period (Fig. 5.2). 

Similarly, fruiting phenology of Chromolaena odorata also start from late October though 

it lasted up to early April, little longer than Bidens pilosa (Fig. 5.2). The duration of fruiting 

was found longest in EHSTWH (172±10.3 days) and shortest in NF (74±7 days) while their 

average duration of fruiting in the study period was 104.4±8.6 days. Moreover, longest 

flowering range in a month was observed in NF (17-31 days) and the lowest in EHSTWH 

(04-31 days) and average coefficient of variation was 37.06% indicating degree of 

heterogeneity in this phenology. The highest coefficient of variation was found in AAPSEF 

(49%) and the least was in NF (28%) in the study area (Table 5.4).  

However, Mikania micrantha average coefficient of variation was 25.5% indicating the 

degree of homogeneity in fruiting across the study area while NF (33.9%) have the 

maximum and EHMCF (12.8%) the least value (Table 5.4).  Moreover, the duration of 

fruiting was found highest in RF (107±3.3 days) and lowest in NF (67±4.3 days) and have 

an average fruiting of 85.8±3.4 days in a year. The range of fruiting in a month was higher 

in EHMCF (24-31 days) and lowest in EHSTWH (15-31 days). Their phenology starts from 

late November to early March of the study period. 

However, Solanum torvum phenology start from late October to early March with 

maximum duration in EHSTWH (157±6.6 days) and minimum in EHMCF (86±11.4 days) 

in the study area. These species average duration during the study period was 115.2±8.3 

days. 
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Table 5.4. Descriptive statistics of fruiting phenology across the forest types in Pakke Tiger Reserve. 

F
ru

it
in

g
  

Forest 
Descriptive 

Statisitcs 
AC BP CO MM SN ST SV TR UL 

AAPSEF 

Mean± SD 26.75±3.4 20.5±12 20.7±10.1 25.3±3.8 24.6±6.3 24.7±3.8 24.4±8.6 27.5±2.9 24±8.5 

Range 24-31 4-31 12-31 18-31 17-31 17-31 14-31 24-31 12-31 

CV% 12.7 59.1 49 26.2 24.6 27.6 35.3 10.9 35.7 

Duration 107 82 83 76 128 99 122 109 120 

EHMCF 

Mean± SD 19±14.6 19±14 23.5±8.6 28±2 24.6±5.5 21.5±11.4 21.5±12.3 25±8.4 21.2±11 

Range 1-31 1-31 16-31 24-31 21-31 8-31 5-31 13-31 6-31 

CV% 77.35 77.3 36 12.8 22.3 53.2 57.5 33.9 55.3 

Duration 76 76 94 84 74 86 86 100 85 

EHSTWH 

Mean± SD 26.25±5.8 24±6 24.5±10.3 23.7±3.5 22±12.7 26±6.6 27.2±3.3 28.7±2.6 26.2±5.8 

Range 19-31 19-31 4-31 15-31 4-31 14-31 23-31 26-31 19-31 

CV% 22.2 24.4 42.2 30.2 57.8 25.5 12.12 9.14 22.2 

Duration 105 74 172 95 88 157 109 115 105 

NF 

Mean± SD 22.33±9 205±12.1 24.6±7 22.3±4.3 25.4±7.1 22.8±11.6 26±6.2 25±9.5 26.2±5.8 

Range 13-31 6-31 17-31 17-31 14-31 3-31 18-31 11-31 17-31 

CV% 40.3 59.1 28 33.9 28.1 51.1 24.12 38.08 22.4 

Duration 67 82 74 67 127 137 104 100 131 

RF 

Mean± SD 24.75±7.4 24.7±7.4 24.7±7.4 26.7±3.3 21.2±11 24.2±8.3 25±6.9 20.6±11 25.6±6.8 

Range 14-31 4-31 14-31 17-31 9-31 14-31 19-31 9-31 16-31 

CV% 30.1 30.1 30.1 24.8 53.8 34.2 27.12 53.5 26.6 

Duration 99 99 99 107 85 97 100 62 154 

* AC- Ageratum conyzoides, BP- Bidens pilosa, CO- Chromolaena odorata, MM- M. Micrantha, ST- Solanum torvum, SV- Solanum viarum, SN- Synedrella nodiflora, TR- Triumfetta 

rhomboidea, UL- Urena lobata and FR- Fruiting.
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Moreover, the highest coefficient of variation was observed in EHMCF (53.2%) and least 

in EHSTWH (25.5%). Across the study area, the average coefficient of variation was 41% 

which define the diverse and different phenophases in each forest types during the study 

period and the range of phenophases was higher in AAPSEF (17-31 days) and lower in NF 

(03-31 days).   

Similarly, Solanum viarum also has a diverse and different phenophases across the study 

sites as the average coefficient of variation (31.2%) was higher than 30%. The coefficient 

of variation was maximum in EHMCF (57.5%) and minimum in EHSTWH (12.1%) in the 

study area. Alternatively, the range of these phenophases was highest in EHSTWH (23-31 

days) and lowest in EHMCF (5-31 days) as their phenology was found similar with 

Solanum torvum (October-March). The species phenophases duration was longest in 

AAPSEF (122±8.6 days) while the shortest was observed in EHMCF (86±12.3 days) and 

their average phenophases in the year was 104.2±7.4 days. Likewise, Synedrella nodiflora 

phenology also had same fruiting months (October-March) as Solanum viarum and average 

duration during the whole period was 100.4±8.5 days. The longest duration was observed 

in AAPSEF (128±6.3 days) and shortest in EHMCF (74±5.5 days) in the study area. 

Moreover, the range of the phenophases was highest in EHMCF (21-31 days) and 

EHSTWH (04-31 days) with an average coefficient of variation of 37.3% across the study 

sites describing their diverse and distinct phenology in each forest types. The maximum 

coefficient of variation was found in RF (53.8%) and minimum was in EHMCF (22.3%) in 

the study region. In the study area, Triumfetta rhomboidea had the longest duration in 

EHSTWH (115±2.6 days) and shortest in RF (62±11 days) while their average was 

97.2±6.8 days in the whole study period. These species phenology started from late 

November to early March in the study region and had the range from 26-31 days 

(EHSTWH) to 09-31 days (RF). Additionally, their average coefficient of variation was 

29.1% which describe the degree of homogeneity in their phenology across the study sites. 

The maximum and minimum coefficient of variation was observed in RF (53.5%) and 

EHSTWH (9.1%) respectively. The phenology of Urena lobata started from late October 

to early March and had the range from 19-31 days (EHSTWH) to 06-31 days (EHMCF) in 

the study period. The average duration of these species was 119±7.5 days in the whole year 

across the study sites while the longest duration was in RF (154±6.8 days) and the shortest 

was EHMCF (85±11 days). In addition, the maximum coefficient of variation was found in 
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EHMCF (55.3%) and minimum was in EHSTWH (22.2%) while their average was 32.4% 

which follows the degree of heterogeneity across the forest types.  

5.5.1.4 Leaf Fall  

In the present study, Ageratum conyzoides duration of leaf fall was maximum in NF 

(82±11.3 days) and minimum in AAPSEF (40±1.4 days) in a whole year (Table 5.5). The 

average mean value of leaf fall across the forest types was 63.2±6.2 days in a year. The 

length of leaf fall duration in a month was longest in EHSTWH (24-31 days) and shortest 

in NF (06-31 days). In addition, the average coefficient of variation was 28.05% suggesting 

their synchronous leaf fall across the study area.  In the study area, the highest coefficient 

of variation was found in NF (55.5%) and smallest was in AAPSEF (7.07%) and the species 

started its leaf fall from late February and lasted up to early April across the forest types. 

Similar pattern of leaf fall (late February to early April) was also observed in Bidens pilosa 

in the study area (Fig. 5.2).  Leaf fall duration was found maximum in NF (95±7.1 days) 

and minimum in AAPSEF (40±1.4 days) while their average value was 67.8±6.6 days in 

the study period (Table 5.5). However, their range of leaf fall during a month was longest 

in AAPSEF (19-31 days) while the lowest was in EHSTWH (13-31 days). Moreover, 

average coefficient of variation was 30% across the forest types of the study describing 

their synchronous phenology in all the study sites. The highest coefficient of variation was 

found highest in EHSTWH (52.3%) followed by RF (31.7%), NF (30.2%) and EHMCF 

(28.8%) while the lowest was in AAPSEF (7.07%), respectively. However, the leaf fall of 

Chromolaena odorata started early January and finished in early May across the study sites 

(Fig. 5.2) and longest phenophases happened in EHSTWH (91±10 days) and RF (91±0.5 

days) while the shortest was observed in AAPSEF (40±1.4 days) in the study area (Table 

5.5). Additionally, the average duration was 72.4±5.6 days across the different forest types. 

Leaf fall ranges during a month was found highest in EHMCF (22-31 days) and lowest in 

NF (06-31 days) with an average coefficient of variation value of 26.2% describing their 

degree of homogeneity across the study sites. The highest coefficient of variation was 

observed in EHMCF (44.8%) while the least was observed in RF (1.09%) in the study area. 

However, leaf fall duration of Mikania micrantha was found highest in EHMCF (126±3.4 

days) and lowest in EHSTWH (67±8.1 days) in the study area. 

Their average duration in a year across the forest types was 100.6±5.1 days (Table 5.5). 

Moreover, the maximum and minimum coefficient of variation was found in EHSTWH 

(63.3%) and EHMCF (30.2%) with an average value of 43.9% in the entire studied region. 
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This value describes their asynchronous nature and diverse phenology pattern across the 

forest types. The range of leaf fall was found highest in EHMCF (15-31 days) and lowest 

in EHSTWH (06-31 days) as phenophases start from late February to early June of the study 

period (Fig. 5.2).  However, the range of Solanum torvum was highest in AAPSEF (17-31 

days) and the lowest in NF (02-31 days) as phenology start from late February to early June 

of the study period (Fig. 5.2). The phenophase duration of these species was longest in RF 

(124±9.8 days) and shortest in EHMCF (76±6.5 days) as their average was 96±10 days in 

a year (Table 5.5). 

In addition, average coefficient of variation was 59.9% indicating their degree of 

heterogeneity in these species’ phenology. The NF (77.4%) had the higher coefficient of 

variation and the AAPSEF (27.4%) had the lowest value in the study area. Equally, the 

average coefficient of variation of Solanum viarum (53.7%) also indicates the diverse 

phenophases in the study area. The maximum and minimum coefficient of variation was 

found in RF (72%) and AAPSEF (15.1%) respectively (Table 5.5). Moreover, the range of 

these phenophases was highest in AAPSEF (23-31 days) and lowest in NF as well as RF 

(01-31 days) with their phenology occurred between late February and early May during 

the study period (Fig. 5.2). The duration of these species was found maximum in RF 

(101±14.5 days) and minimum in EHSTWH (61±14.2 days) while their average duration 

in whole year was 73.4±10.7 days.  Similarly, the phenology of Synedrella nodiflora also 

start from late February to early May with the longest and shorter range of phenophases 

was observed in AAPSEF (15-31 days) and NF (02-31 days) in the study area (Table 5.5). 

The average coefficient of variation (50.6%) indicates different phenology and diverse 

nature in each forest types. The highest and lowest coefficient of variation was observed in 

NF (67.9%) and EHMCF (31.1%) in the study area. Moreover, the longest phenophases 

duration was observed in AAPSEF (125±8.3 days) and shortest duration in RF (44.4±12 

days) having an average of 86.4±10.9 days in the whole study period. The phenology of 

Triumfetta rhomboidea start from late February to early May (Fig. 5.2) and their 

phenophases range was highest in RF (30-31 days) and lowest in EHSTWH (04-30 days) 

during the month (Table 5.5). The average duration of these species was 74.4±8.2 days in 

whole year with the longest in RF (92±0.5 days) and shortest in EHMCF (61±10 days) in 

the study region. 
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Table 5.5. Descriptive statistics of leaf fall phenology across the forest types in Pakke Tiger Reserve. 

L
ea

f 
F

a
ll

 
Forest 

Descriptive 

Statisitcs 
AC BP CO MM SN ST SV TR UL 

AAPSEF 

Mean± SD 20±1.4 20±1.4 20±1.4 23±4.4 24.6±8.3 24±6.5 26.6±4 25±3.3 20.2±12 

Range 19-21 19-21 19-21 13-31 15-31 17-31 23-31 21-31 4-30 

CV% 7.07 7.07 7.07 38.7 33.5 27.4 15.15 20.25 61.4 

Duration 40 40 40 92 125 96 80 76 81 

EHMCF 

Mean± SD 24.33±7 25±7.2 26.3±4.5 25.2±3.4 25±7.7 19±6.1 24±6 20.3±10 22±11.5 

Range 17-31 17-31 22-31 15-31 14-31 7-31 20-31 11-31 9-31 

CV% 28.8 28.8 17.1 30.2 31.15 64.4 25.3 49.5 52 

Duration 73 75 79 126 100 76 72 61 66 

EHSTWH 

Mean± SD 26.5±3.5 19.3±10.1 22.7±10 22.3±8.1 20.7±13 21.5±12.5 20.3±14.2 21±14.7 21±15 

Range 24-29 13-31 9-31 6-31 3-31 4-31 4-30 4-30 3-30 

CV% 13.3 52.3 44.8 63.3 62.7 58.1 69.9 70.14 74 

Duration 53 58 91 67 83 86 61 63 63 

NF 

Mean± SD 20.5±11.3 23.7±7.1 19.5±11.9 25.5±5.2 20±13.5 19.6±15.1 17.6±15.2 20±12.9 21.2±12.9 

Range 6-31 15-31 6-31 9-31 2-31 2-31 1-31 4-31 3-31 

CV% 55.5 30.2 61 42.9 67.9 77.4 86.4 64.6 61 

Duration 82 95 78 101 80 98 53 80 85 

RF 

Mean± SD 22.33±8 23.6±7.5 30.3±0.5 23.4±4.6 22±12 24.8±9.8 20.2±14.5 30.6±0.5 29.2±2.1 

Range 14-30 16-31 30-31 8-31 13-31 8-31 1-31 30-31 26-31 

CV% 35.6 31.7 1.09 44.6 57.8 39.6 72.02 1.88 7.4 

Duration 68 71 91 117 44 124 101 92 146 

* AC- Ageratum conyzoides, BP- Bidens pilosa, CO- Chromolaena odorata, MM- M. Micrantha, ST- Solanum torvum, SV- Solanum viarum, SN- Synedrella nodiflora, 

TR- Triumfetta rhomboidea, UL- Urena lobata and LF- Leaf fall.
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The coefficient of variation was found highest and lowest in EHSTWH (70.1%) and RF 

(1.8%) while their average was 41.2% describing their degree of heterogeneity across the 

forest types. In the study of Urena lobata phenology, the range of phenophases during the 

month was highest in RF (26-31 days) (Table 5.5) and lowest in EHSTWH (03-30 days) as 

their phenophases initiated start from late January to early May (Fig. 5.2). Moreover, the 

average duration of these species was 88.2±10.7 days in the studied period with RF 

(146±2.1 days) having the maximum and EHSTWH (63±15 days), the minimum during the 

study. The coefficient of variation was maximum in AAPSEF (61.4%) and minimum in RF 

(7.4%) while their average was 51.1% which indicate the diverse and distinct phenophases 

in each forest types.   

5.5.2 Variation (ANOVA) Between Phenophases  

5.5.2.1 Leaf Initiation 

In the leaf initiation phenology, significant differences were observed in Chromolaena 

odorata (0.04: P<0.05) while the rest of invasive alien plant species (Ageratum conyzoides, 

Bidens pilosa, Mikania micrantha, Solanum torvum, Solanum viarum, Synedrella 

nodiflora, Triumfetta rhomboidea and Urena lobata) displays no variation (P<0.05) 

indicating their similar occurrence of phenophases in the study sites (Table 5.8). This shows 

that Chromolaena odorata leaf initiation during the study period was different from the 

remaining species phenology (Table 5.6). According to Post-hoc Tukey’s analysis, 

phenology of Chromolaena odorata in EHSTWH and EHMCF were found different from 

the rest of the forest types in Pakke Tiger Reserve (Table 5.7). This shows that there was 

distinct phenology pattern among the species in the study sites.   

Table 5.6. Variation of Chromolaena odorata leaf initiation phenophases among the forest 

types in Pakke Tiger Reserve. 

ANOVA  Sum 

of 

square 

 

df  

Mean 

square 

F  p 

(same)  

Between groups 0.766 4 0.191 2.608 0.04 

Within groups 14.16 55 0.257  
 

Error 3.233 44 0.073  
 

Between subject 10.93 11 0.993 
  

Total 14.93 59 
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Table 5.7.  Post-hoc Tukey Pairwise Test of Chromolaena odorata phenophases among 

the forest types in Pakke Tiger Reserve.  

Post Hoc Tukey 

Pairwise Test 
AAPSEF EHMCF EHSTWH NF RF 

AAPSEF  0.94 0.17 1 1 

EHMCF 1.06  0.03 0.94 0.94 

EHSTWH 3.19 4.26  0.17 0.17 

NF 0 1.06 3.19  1 

RF 0 1.06 3.19 0  

 

Table 5.8. Variation of remaining invasive alien plant species leaf initiation phenophases 

among the forest types in Pakke Tiger Reserve. 

Species F 
p 

(same) 

Ageratum conyzoides 1.238 0.3 

Bidens pilosa 0.6044 0.66 

Mikania micrantha 1.692 0.16 

Solanum torvum 0.6962 0.59 

Solanum viarum 0.7857 0.54 

Synedrella nodiflora 0.4074 0.80 

Triumfetta rhomboidea 1.723 0.16 

Urena lobata 1.453 0.23 

 

5.5.2.2 Flowering  

In the present study, the variation of flowering phenophases was measured in order to find 

the distinct phenophases among the forest types. The variation was checked in all the 

selected invasive alien plant species flowering phenology to understand their significant 

phenology difference in species between the forest types of Pakke Tiger Reserve. All the 

species (Bidens pilosa, Chromolaena odorata, Mikania micrantha, Solanum torvum, 

Solanum viarum, Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata) have 

similar phenophases i.e., no significant differences (P>0.05) among the study sites (Table 

5.11), except for Ageratum conyzoides (0.02: P<0.05) which differ significantly among the 

forest types in the study region (Table 5.9). By using Post-hoc Tukey pairwise test, it was 

clearly understandable that A. conyzoides phenophases in NF was quite different from the 

phenology of AAPSEF and EHSTWH in the study area (Table 5.10). 
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Table 5.9. Variation of A. conyzoides flowering phenophases among the forest types in 

Pakke Tiger Reserve.  

ANOVA  Sum of 

square 

df Mean 

square 

F p 

(same) 

Between groups 0.9 4 0.22 3.194 0.02 

Within groups 13.83 55 0.25  
 

Error 3.1 44 0.070  
 

Between subjects 10.73 11 0.97 
  

Total 14.73 59 
   

 

Table 5.10.  Post-Hoc Tukey Pairwise Test of A. conyzoides phenophases among the forest 

types in Pakke Tiger Reserve.  

Post-hoc Tukey 

Pairwise Test 
AAPSEF EHMCF EHSTWH NF RF 

AAPSEF  0.9 1 0.02 0.93 

EHMCF 1.08  0.93 0.16 1 

EHSTWH 0 1.08  0.02 0.93 

NF 4.35 3.26 4.35  0.16 

RF 1.08 0 1.08 3.26  

 

5.5.2.3 Fruiting  

In the study area, there were no significant differences in fruiting phenophases (P>0.05) 

among the species in different forest types of Pakke Tiger Reserve (Table 5.12). All the 

selected invasive alien plant species species (Ageratum conyzoides, Bidens pilosa, 

Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum viarum, Synedrella 

nodiflora, Triumfetta rhomboidea and Urena lobata) shows similar phenology and no 

difference was observed in the study area. These clearly indicate that the fruiting 

phenophases in all the forest types occur at the same time during the same month of the 

year. 
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Table 5.11. Variation of remaining invasive alien plant species flowering phenophases 

among the forest types in Pakke Tiger Reserve.  

Species F p (same) 

Bidens pilosa 2.2 0.08 

Chromolaena odorata 2.391 0.06 

Mikania micrantha 1.185 0.33 

Solanum torvum 1.0 0.41 

Solanum viarum 0.3143 0.8 

Synedrella nodiflora 1.453 0.2 

Triumfetta rhomboidea 1.0 0.4 

Urena lobata 0.8209 0.5 

 

Table 5.12. Variation of all the selected invasive alien plant species fruiting phenophases 

among the forest types in Pakke Tiger Reserve. 

Species F p (same) 

Ageratum conyzoides 0.3548 0.83 

Bidens pilosa 0.3143 0.86 

Chromolaena odorata 2.321 0.07 

Mikania micrantha 0.7333 0.57 

Solanum torvum 0.8652 0.49 

Solanum viarum 0.1864 0.94 

Synedrella nodiflora 0.5789 0.67 

Triumfetta rhomboidea 0.3143 0.86 

Urena lobata 0 1.0 

 

5.5.2.4 Leaf Fall 

The result of ANOVA analysis shows that there was no variation in the leaf fall phenology 

among the species in different forest types of Pakke Tiger Reserve (Table 5.13). During the 

same month of the year, leaf fall phenophases occurrence were similar in the selected 

invasive alien plant species (Ageratum conyzoides, Bidens pilosa, Chromolaena odorata, 

Mikania micrantha, Solanum torvum, Solanum viarum, Synedrella nodiflora, Triumfetta 

rhomboidea and Urena lobata) and there was no significant difference (P>0.05) in their 

phenology.  
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Table 5.13. Variation of all the selected invasive alien plant species leaf fall phenophases 

among the forest types in Pakke Tiger Reserve. 

Species F 
p 

(same) 

Ageratum conyzoides 0.4162 0.79 

Bidens pilosa 1.453 0.23 

Chromolaena odorata 0.234 0.91 

Mikania micrantha 2.2 0.08 

Solanum torvum 0.8652 0.49 

Solanum viarum 1.158 0.34 

Synedrella nodiflora 1.0 0.41 

Triumfetta rhomboidea 0.3548 0.83 

Urena lobata 1.453 0.23 
 

5.5.3 Influence of Phenophases by Climatic Parameters 

The climatic parameters such as maximum temperature, minimum temperature, 

precipitation and relative humidity have certain effect on the species phenology. In the 

present study, these climatic parameters effects on the phenophases of selected invasive 

alien plant species were measured using linear regression, correlation and canonical 

correspondence analysis (CCA) to understand their influences and relationship on their 

phenology.  

 5.5.3.1 Linear Regression Between the Climatic Parameters and Phenophases 

To test the relationship between the environmental variables and phenophases phases, linear 

regression analyses were studied for the selected species. Moreover, linear regression 

indicates that the climatic parameters indices that were best related with specific 

phenophases differed with invasive alien plant species and phenophases. In terms of data 

interpretation, all the selected species shows excellent significances in relations of R² and 

slopes. 

5.5.3.2 Leaf Initiation and Climatic Parameters 

The results of the present study indicate that precipitation was the main factor for early 

initiation of leaf in the study area (Table 5.14). Ageratum conyzoides, Chromolaena 

odorata, Mikania micrantha, Solanum torvum, Solanum viarum, Synedrella nodiflora, 

Triumfetta rhomboidea and Urena lobata were influenced by the precipitation (Fig. 5.3) 

while Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum viarum, 
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Synedrella nodiflora and Triumfetta rhomboidea were influenced by minimum temperature 

of the study area (Fig. 5.4). Furthermore, Ageratum conyzoides, Chromolaena odorata, 

Solanum torvum, Solanum viarum, Synedrella nodiflora and Triumfetta rhomboidea were 

found significant (P<0.05) with maximum temperature (Fig. 5.5) while Mikania micrantha 

was only significantly related with relative humidity of Pakke Tiger Reserve (Fig. 5.6).  All 

the species were related with either of the climatic parameters except Bidens pilosa who 

does not have any relation with the environmental variables.  

Table 5.14. Correlation coefficient (R²) and slopes for linear regression describing the 

relationship of leaf initiation phenophases and climatic parameters for the selected invasive 

alien plant species in Pakke Tiger Reserve during the study period. 

*-Significant relationship, PreC- Precipitation, RelH- Relative Humidity, MinT- Minimum 

Temperature, MaxT- Maximum Temperature 

 

Species 

Leaf initiation 

PreC RelH MinT MaxT 

R² Slope R² Slope R² Slope R² Slope 

Ageratum conyzoides 0.422 53.778* 0.0002 -0.078 0.358 1.831 0.472 1.639* 

Bidens pilosa 0.111 26.443 0.132 -1.68 0.07 0.787 0.293 1.2385 

Chromolaena odorata 0.841 62.412* 0.18 1.678 0.86 2.3397* 0.668 1.603* 

Mikania micrantha 0.706 54.683* 0.538 2.777* 0.760 2.100* 0.270 0.976 

Solanum torvum 0.783 71.541* 0.077 1.303 0.624 2.364* 0.423 1.516* 

Solanum viarum 0.601 59.471* 0.028 0.743 0.433 1.867* 0.359 1.325* 

Synedrella nodiflora 0.724 56.714* 0.087 1.143 0.611 1.928* 0.450 1.289* 

Triumfetta rhomboidea 0.844 62.343* 0.161 1.583 0.731 2.147* 0.445 1.304* 

Urena lobata 0.514 51.694* 0.015 0.517 0.308 1.481 0.248 1.035 
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Figure 5.3: Regression of leaf initiation phenology of eight invasive species- A-Ageratum 

conyzoides, B-Chromolaena odorata, C-Mikania micrantha, D-Solanum torvum, E-Solanum 

viarum, F-Synedrella nodiflora, G-Triumfetta rhomboidea and H-Urena lobata as functions 

of precipitation of the months in Pakke Tiger Reserve.   
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Figure 5.4: Regression of leaf initiation phenology of six invasive species- A-Chromolaena 

odorata, B-Mikania micrantha, C-Solanum torvum, D-Solanum viarum, E-Synedrella 

nodiflora and F-Triumfetta rhomboidea as functions of minimum temperature of the months 

in Pakke Tiger Reserve.   
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Figure 5.5: Regression of leaf initiation phenology of six invasive species- A-

Ageratum conyzoides, B-Chromolaena odorata, C-Solanum torvum, D-Solanum 

viarum, E-Synedrella nodiflora and F-Triumfetta rhomboidea as functions of 

maximum temperature of the months in Pakke Tiger Reserve.   
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Figure 5.6: Regression of leaf initiation phenology of Mikania micrantha and as functions 

of relative humidity of the months in Pakke Tiger Reserve.   

 

5.5.3.3 Flowering and Climatic Parameters 

In the present study, five invasive alien plant species (Ageratum conyzoides, Bidens pilosa, 

Chromolaena odorata, Mikania micrantha, Solanum viarum and Urena lobata) were found 

having significant relationship (P<0.05) with the climatic parameters. A. conyzoides, 

Bidens pilosa, Solanum viarum and Urena lobata flowering phenophases was found 

significantly related with relative humidity (Fig. 5.8) while the precipitation, minimum and 

maximum temperature were found to be influencing the flowering phenology of Mikania 

micrantha (Fig. 5.9). However, the flowering phenology of Chromolaena odorata display 

only relation with precipitation (Fig. 5.7) while the rest of remaining invasive alien plant 

species (Bidens pilosa, Solanum torvum, Synedrella nodiflora and Triumfetta rhomboidea) 

does not seem to have any significant relation (P>0.05) with climatic parameters (Table 

5.15). Moreover, the climatic parameters such as precipitation, minimum and maximum 

temperature have influenced the early flowering in Chromolaena odorata and Mikania 

micrantha in the study area. Similarly, relative humidity also influences earlier flowering 

in A. conyzoides, Solanum viarum and Urena lobata in Pakke Tiger Reserve.  
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Figure 5.7: Regression of flowering phenology of Chromolaena odorata as functions 

of precipitation of the months in Pakke Tiger Reserve.   

Figure 5.8: Regression of flowering phenology of (A) Ageratum conyzoides (B) 

Bidens pilosa (C) Solanum viarum and (D) Urena lobata and as functions of relative 

humidity of the months in Pakke Tiger Reserve.  
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Figure 5.9: Regression of flowering phenology of Mikania micrantha as functions of 

(A) Precipitation, (B) minimum temperature and (C) maximum temperature of the 

months in Pakke Tiger Reserve.  
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Table 5.15. Correlation coefficient (R²) and slopes for linear regression describing the 

relationship of flowering phenophases and climatic parameters for the selected invasive alien 

plant species in Pakke Tiger Reserve during the study period. *-Significant relationship, PreC- 

Precipitation, RelH- Relative Humidity, MinT- Minimum Temperature, MaxT- Maximum Temperature. 

 

Species 

Flowering 

PreC RelH MinT MaxT 

R² Slope R² Slope R² Slope R² Slope 

Ageratum conyzoides 0.002 -3.0508 0.465 2.723* 0.0009 0.0766 0.102 -0.63391 

Bidens pilosa 0.0001 0.695 0.384 2.307* 0.017 0.313 0.026 -0.297 

Chromolaena odorata 0.339 -40.322* 0.035 0.752 0.309 -1.426 0.359 -1.196 

Mikania micrantha 0.391 -43.241* 0.023 0.6128 0.423 -1.6643* 0.525 -1.4451* 

Solanum torvum 0.049 -14.673 0.171 1.5907 0.04 -0.1719 0.043 -0.39655 

Solanum viarum 0.003 -4.1434 0.384 2.4079* 0.012 0.2817 0.015 -0.24282 

Synedrella nodiflora 0.059 -15.436 0.22 1.72 0.005 -0.1724 0.54 -0.42361 

Triumfetta rhomboidea 0.124 -21.405 0.202 1.5873 0.062 -0.5615 0.198 -0.77913 

Urena lobata 0.016 -8.1085 0.36 2.2125* 0.0003 0.0453 0.051 -0.41365 

 

5.5.3.4 Fruiting and Climatic Parameters 

 In the fruiting phenophases, precipitation seems to play an important role in comparison to 

other climatic parameters (Table 5.16). All the selected invasive alien plant species i.e., 

Ageratum conyzoides, Bidens pilosa, Chromolaena odorata, Mikania micrantha, Solanum 

torvum, Solanum viarum, Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata 

were significantly related with precipitation in the study area (Fig. 5.10). Moreover, 

minimum temperature was also responsible for the fruiting phenophases of Ageratum 

conyzoides, Bidens pilosa, Chromolaena odorata, Mikania micrantha, Solanum torvum, 

Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata in the study area (Fig. 5.11). 

While, Bidens pilosa, Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum 

viarum, Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata were influenced by 

the maximum temperature of the study area (Fig. 5.12). 
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Table 5.16. Correlation coefficient (R²) and slopes for linear regression describing the 

relationship of fruiting phenophases and climatic parameters for the selected invasive alien 

plant species in Pakke Tiger Reserve during the study period. *-Significant relationship, 

PreC- Precipitation, RelH- Relative Humidity, MinT- Minimum Temperature, MaxT- 

Maximum Temperature. 

Species 

Fruiting 

PreC RelH MinT MaxT 

R² Slope R² Slope R² Slope R² Slope 

Ageratum conyzoides 0.479 -50.754* 0.055 -0.996 0.711 -2.2878* 0.870 -1.972 

Bidens pilosa 0.478 -63.491* 0.0004 -0.117 0.591 -2.611* 0.581 -2.017* 

Chromolaena odorata 0.691 -59.764* 0.108 -1.377 0.867 -2.477* 0.882 -1.946* 

Mikania micrantha 0.391 -43.225* 0.042 -0.825 0.613 -2.0028* 0.758 -1.735* 

Solanum torvum 0.649 -54.135* 0.039 -0.769 0.785 -2.2025* 0.882 -1.819* 

Solanum viarum 0.697 -58.211* 0.071 -1.085 0.852 -2.380 0.852 -1.855* 

Synedrella nodiflora 0.589 -49.452* 0.035 -0.700 0.747 -2.059* 0.928 -1.789* 

Triumfetta rhomboidea 0.541 -49.300* 0.094 -1.194 0.752 -2.151* 0.874 -1.807* 

Urena lobata 0.638 -51.464* 0.020 -0.528 0.752 -2.068* 0.831 -1.693* 

 

However, relative humidity does not seem to have any influences on the selected invasive 

species in Pakke Tiger Reserve (Table 5.16). The result of the study clearly indicates that 

the fruiting phenophases of the selected invasive species have been influenced and initiated 

early as well as longer fruiting period by precipitation, minimum and maximum 

temperature in the study region. 

 

 

A 

 

B 



- 128 - 
 

 

C 

 

D 

 

E 

 

F 

 

G 

 

H 



- 129 - 
 

 

Figure 5.10: Regression of fruiting 

phenology of eight invasive species- A-

Ageratum conyzoides, B-Bidens pilosa, 

C-Chromolaena odorata, D-Mikania 

micrantha, E-Solanum torvum, F-

Solanum viarum, G-Synedrella nodiflora, 

H-Triumfetta rhomboidea and -Urena 

lobata as functions of precipitation of the 

months in Pakke Tiger Reserve.   

 

 

 

Table 5.17. Correlation coefficient (R²) and slopes for linear regression describing the 

relationship of leaf fall phenophases and climatic parameters for the selected invasive alien 

plant species in Pakke Tiger Reserve during the study period. *-Significant relationship, 

PreC- Precipitation, RelH- Relative Humidity, MinT- Minimum Temperature, MaxT- 

Maximum Temperature 

Species 

Leaf fall 

PreC RelH MinT MaxT 

R² Slope R² Slope R² Slope R² Slope 

Ageratum 

conyzoides 

0.0000

3 
-0.531 0.58642 -3.9041* 0.0042 -0.2117 0.124 0.889 

Bidens pilosa 0.320 -41.515 0.829 -3.8877* 0.323 -1.545* 0.020 -0.299 

Chromolaena 

odorata 
0.186 -31.008 0.829 -3.807* 0.191 -1.162 0.002 0.097 

Mikania micrantha 0.0002 -1.086 0.526 -2.673* 0.005 -0.172 0.097 0.569 

Solanum torvum 0.081 -19.794 0.758 -3.523* 0.101 -0.819 0.013 0.226 

Solanum viarum 0.105 -23.753 0.846 -3.929* 0.095 -0.837 0.031 0.374 

Synedrella 

nodiflora 
0.075 -17.658 0.740 -3.224* 0.065 -0.606 0.066 0.477 

Triumfetta 

rhomboidea 
0.092 -22.762 0.835 -3.988* 0.060 -0.682 0.078 0.604 

Urena lobata 0.166 -26.862 0.774 -3.373* 0.178 -1.028 0.002 0.087 
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5.5.3.5 Leaf Fall and Climatic Parameters 

 Relative humidity had major influences on all the selected invasive alien plant species 

in the leaf fall phenology. Ageratum conyzoides, Bidens pilosa, Chromolaena odorata, 

Mikania micrantha, Solanum torvum, Solanum viarum, Synedrella nodiflora, Triumfetta 

rhomboidea and Urena lobata were found to be influence by relative humidity (Fig. 5.13 

and 5.14) and significantly related (Table 5.17). However, Bidens pilosa was also 

significantly (P<0.05) related with minimum temperature in the study area (Fig. 5.13). 

In this phenophases, falling of leaf was mostly governed by the increase or decrease of 

relative humidity as the other climatic parameters does not have much influence on 

falling of leaf in the selected invasive species. All the selected invasive species shows 

no relation with maximum temperatures in the present study. 
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Figure 5.11: Regression of fruiting phenology of eight invasive species- A-Ageratum 

conyzoides, B-Bidens pilosa, C-Chromolaena odorata, D-Mikania micrantha, E-Solanum 

torvum, F-Synedrella nodiflora, G-Triumfetta rhomboidea and H-Urena lobata as functions 

of minimum temperature of the months in Pakke Tiger Reserve.   
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Figure 5.12: Regression of fruiting phenology of eight invasive species- A-Bidens pilosa, B-

Chromolaena odorata, C-Mikania micrantha, D-Solanum torvum, E-Solanum viarum, F-

Synedrella nodiflora, G-Triumfetta rhomboidea and H-Urena lobata as functions of 

maximum temperature of the months in Pakke Tiger Reserve.   
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Figure 5.13: Regression of leaf fall phenology of Bidens pilosa as functions of (A) relative 

humidity and (B) minimum temperature of the months in Pakke Tiger Reserve.   
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Figure 5.14: Regression of leaf fall phenology of all the eight invasive alien plant species- 

A-Ageratum conyzoides, B-Chromolaena odorata, C-Mikania micrantha, D-Solanum 

torvum, E-Solanum viarum, F-Synedrella nodiflora, G-Triumfetta rhomboidea and H-Urena 

lobata as functions of relative humidity of the months in Pakke Tiger Reserve.   

 

 5.5.4 Correlation Between the Climatic Parameters and Phenophases 

Pearson correlation was used to determine the significance between the phenophases of 

selected invasive alien plant species (IAPs) and the environmental variables, i.e., minimum 

temperature, maximum temperature, precipitation and relative humidity (Table 5.18).  

5.5.4.1 Leaf Initiation and Environmental Variables  

The phenophases of leaf initiation also display correlation with the environmental variables. In 

minimum temperature and precipitation, Ageratum conyzoides and Bidens pilosa show non 
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significance (p>0.05) while the remaining species display only positive correlation, i.e., r 

=0.82, 0.82, 0.57, 0.27, 0.86, 0.68 and 0.73; p<0.05, 0.001 and 0.0001: r= 0.82, 0.82, 0.63, 

0.34, 0.86, 0.69 and 0.74; p<0.05, 0.001 and 0.0001, respectively. However, correlation with 

maximum temperature and humidity expressed both positive and negative association. In 

maximum temperature, only Ageratum conyzoides (r =-0.18, p<0.05) relate negative 

association while six of them, i.e., Chromolaena odorata (r =0.26, p <0.05), Mikania 

micrantha (r =0.26, p <0.05), Solanum viarum (r =0.26, p <0.05), Synedrela nodiflora (r =0.26, 

p<0.05), Triumfetta rhomboidea (r =0.26, p <0.05) and Urena lobata (r =0.26, p <0.05), show 

positive correlation. With humidity, Bidens pilosa only show non-significant (p >0.05) while 

Ageratum conyzoides (r =-0.27, p <0.05) and Solanum viarum (r =-0.26, p <0.05) show 

negative correlation and the remaining species display positive association, i.e., Chromolaena 

odorata (r =0.82, p <0.0001), Mikania micrantha (r =0.82, p <0.0001), Solanum torvum (r 

=0.35, p <0.05),), Synedrela nodiflora (r =0.66, p <0.001), Triumfetta rhomboidea (r =0.27, 

p<0.05) and Urena lobata (r =0.51, p<0.001), respectively.  

5.5.4.2 Flowering and Environmental Variables  

The correlation between the flowering and minimum temperature shows both negative and 

positive correlation in five species, i.e., Ageratum conyzoides (r =-0.18; p<0.05), Bidens pilosa 

(r =-0.22; p<0.05), Chromolaena odorata (r =-70; p<0.001) and Mikania micrantha (r =-0.61; 

p<0.001) while Solanum viarum show positive relationship (r =0.77; p<0.001). Similarly, the 

relation between the flowering and maximum temperature shows both in which Ageratum 

conyzoides (r =-0.36; p<0.05), Bidens pilosa (r =-0.33; p<0.05), Chromolaena odorata (r =-

64; p<0.001), Mikania micrantha (r =-0.56; p<0.001) and Urena lobata (r =-0.29; p<0.05) 

display negative correlation though Solanum viarum show positive relationship (r =0.30; 

p<0.05). In case of flowering with relative humidity, correlation show only positive 

relationship in seven species (Ageratum conyzoides: r =0.28; p<0.05, Bidens pilosa: r =0.27; 

p<0.05, Solanum torvum: r =0.55; p<0.001, Solanum viarum: r =0.79; p<0.001, Synedrella 

nodiflora: r =0.38; p<0.05, Triumfetta rhomboidea: r =0.42; p<0.05 and Urena lobata: r =0.73; 

p<0.001). Moreover, precipitation (rainfall) also displays negative (Ageratum conyzoides: r =-

0.22; p<0.05, Bidens pilosa: r =-0.24; p<0.05, Chromolaena odorata: r =-70; p<0.001 and 

Mikania micrantha: r =-0.51; p<0.001) and positive correlation (Solanum viarum: r =0.75; 

p<0.001), respectively. 
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Table 5.18: Correlation between the environmental variables and phenophases (flowering, fruiting, leaf initiation and leaf fall) of the selected 

invasive alien plant species. *Correlation is significant at p<0.05, **<0.001, ***<0.0001, ns- not significant. 
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Flowering x Minimum Temperature -0.18* -0.22* -0.7** -0.61* ns 0.77** ns ns ns 

Flowering x Maximum Temperature -0.36* -0.33* -0.64** -0.56** ns 0.3* ns ns -0.29* 

Flowering x Humidity 0.28* 0.27* ns ns 0.55* 0.79** 0.38* 0.42* 0.73** 

Flowering x Precipitation -0.22* -0.24* -0.7** -0.51** ns 0.75** ns ns ns 

Fruiting x Minimum Temperature. -0.48* -0.5** -0.76** -0.75** -0.79* -0.35* -0.85*** -0.86* -0.82*** 

Fruiting x Maximum Temperature. -0.48* -0.55** -0.42* -0.7** -0.7** -0.37* -0.83*** -0.86* -0.72** 

Fruiting x Humidity ns ns -0.71** ns -0.3* 0.26* -0.45* -0.47* -0.39* 

Fruiting x Precipitation -0.49* -0.51** -0.71** -0.7** -0.79** -0.29* -0.85*** -0.86*** -0.82*** 

Leaf initiation x Minimum Temperature ns ns 0.82*** 0.82*** 0.57** 0.27* 0.86*** 0.68** 0.73** 

Leaf initiation x Maximum Temperature -0.18* ns 0.26* 0.26* ns 0.52** 0.47* 0.58** 0.38* 

Leaf initiation x Humidity -0.27* ns 0.82*** 0.82*** 0.35* -0.26* 0.66** 0.27* 0.51* 

Leaf initiation x Precipitation ns ns 0.82*** 0.82*** 0.63** 0.34* 0.86*** 0.69** 0.74** 

Leaf fall x Minimum Temperature -0.22* -0.23* ns ns ns -0.6* ns -0.28* ns 

Leaf fall x Maximum Temperature ns -0.15* 0.48* 0.28* 0.28* -0.36* 0.42* ns ns 

Leaf fall x Humidity ns ns -0.34* -0.65** -0.71** -0.54** -0.67** -0.76** -0.79** 

Leaf fall x Precipitation -0.23* -0.25* 0.32* ns ns -0.55** ns -0.39* -0.35* 
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5.5.4.3 Fruiting and Environmental Variables  

The fruiting phenophases expressed both positive and negative correlation in the study. In 

relation with minimum temperature, maximum temperature and precipitation, it shows only 

negative correlation in all the selected species, i.e., Ageratum conyzoides, Bidens pilosa, 

Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum viarum, Synedrella 

nodiflora, Triumfetta rhomboidea and Urena lobata (r = -0.48, -0.50, -0.76, -0.75, -0.79, -0.35, 

-0.85, -0.86 and -0.82: r = -0.48, -0.55, -0.42, -0.70, -0.70, -0.37, -0.83, -0.86 and -0.72: r = -

0.49, -0.51, -0.71, -0.70, -0.79, -0.29, -0.85, -0.86 and -0.82, p<0.05, 0.001 and 0.0001, 

respectively). However, in association with relative humidity, six species were correlated with 

the climatic parameters, which showed both positive correlation (Solanum viarum: r =0.26; 

p<0.05) and negative (Chromolaena odorata: r =-0.71; p<0.001, Solanum torvum: r =-0.30; 

p<0.05, Synedrella nodiflora: r =-0.45; p<0.05, Triumfetta rhomboidea: r =-0.47; p<0.05 and 

Urena lobata: r =-0.39; p<0.05) while Ageratum conyzoides, Bidens pilosa and Mikania 

micrantha shows non-significant (p>0.05), respectively.  

5.5.4.4 Leaf Fall and Environmental Variables  

The leaf fall phenophases show both positive and negative relationship with the climatic 

conditions. The relation of leaf fall with minimum temperature displays only negative 

correlation in four species i.e., Ageratum conyzoides (r =-0.22, p<0.05), Bidens pilosa (r =-

0.23, p<0.05), Solanum viarum (r =-0.60, p<0.001) and Triumfetta rhomboidea (r =-0.28, 

p<0.05) while the rest shows non-significant (p>0.05). With maximum temperature, Bidens 

pilosa (r =-0.15, p<0.05) and Solanum viarum (r =-0.36, p<0.05) shows negative correlation 

while Chromolaena odorata (r =0.48, p<0.05), Mikania micrantha (r =0.28, p<0.05), 

Solanum torvum (r =0.28, p<0.05) and Synedrella nodiflora (r =0.42, p<0.05). In association 

with humidity, Ageratum conyzoides and Bidens pilosa indicate non-significant while the 

remaining seven species, i.e., Chromolaena odorata (r =-0.34, p<0.05), Mikania micrantha (r 

=-0.65, p<0.001), Solanum torvum (r =-0.71, p<0.001) Solanum viarum (r =-0.54, p<0.001), 

Synedrella nodiflora (r =-0.67, p<0.001), Triumfetta rhomboidea (r =-0.78, p<0.001) and 

Urena lobata (r =-0.79, p<0.001), shows only negative correlation. In addition, precipitation 

had both negative (Ageratum conyzoides, r =-0.23, p<0.05; Bidens pilosa, r =-0.25, p<0.05; 

Solanum viarum, r =-55, p<0.001; Triumfetta rhomboidea, r =-0.39, p<0.05; Urena lobata, r 

=-0.35, p<0.05) and positive correlation (Chromolaena odorata, r =0.32, p<0.05), 

respectively. 
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5.5.5 Canonical Correspondence Analysis (CCA)  

In the present study, canonical correspondence analysis (CCA) was employed to investigate 

the relationships between the phenophases and climatic parameters i.e., environmental 

variables (precipitation, relative humidity, minimum and maximum temperature). All the 

selected nine species phenophases were measured to find the seasonal pattern and their 

association between certain phenological events and environmental variables (Fig. 5.15). The 

CCA result of Ageratum conyzoides reveals that the primary environmental drivers that 

influenced the timing of phenological events were relative humidity, minimum and maximum 

temperature. The separation between the phenophases of flowering and fruiting indicate the 

distinct environmental requirements for these species while the leaf fall and initiation are 

closely positioned suggesting similar climatic conditions. 

However, the month of November falls outside the ellipse describing unique climatic 

conditions or phenophases that differ significantly from the seasonal patterns. In addition, 

precipitation is located near the centre of the plot implying a weaker correlation with other 

environmental variables but might play a supporting role in shaping the phenological events. 

Moreover, it does not strongly influence or correlate with the primary axes of variation (Axis 

1 and Axis 2).    

A B 
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I 

Figure 5.15: Temporal pattern of nine IAPs 

on the relationships between climatic 

parameter and phenophases. LI- leaf 

initiation, LF- leaf fall, FR- fruiting, FL- 

flowering, PR- precipitation, MIT- 

minimum temperature, MAT- maximum 

temperature and RH-relative humidity. 

 

However, precipitation and maximum temperature significantly influence the timing and 

occurrence of phenological events in Bidens Pilosa. In addition, both minimum temperature 

and relative humidity positioned near the centre indicating their moderate influence on the 

phenophases. Maximum temperature is strongly associated with the phenophases of fruiting 

and flowering while precipitation influences leaf initiation and flowering. Moreover, 

relative humidity and precipitation had an association with the overall phenophases pattern 

particularly during the growing season and in the timing of leaf fall.   

The CCA plot of Chromolaena odorata highlighted the strong influence of maximum 

temperature and relative humidity on phenophases. The phenology of flowering is driven 

by warmer conditions while leaf initiation and fall are influenced by precipitation and 

humidity. Fruiting occurs during the cooler, more humid months reflecting seasonal 

environmental changes. However, the month of October is an outlier in lower portion 

suggesting unique climatic parameters than the rest of the variables.  The data points form 

an elliptical distribution suggesting a gradient or continuum of variation along the two axes.  

In Mikania micrantha, precipitation and humidity were strongly linked to all phenophases, 

particularly leaf initiation while the temperature variables (maximum and minimum) gain 

prominence during transitional and cooler months influencing leaf fall. Additionally, a 

strong positive correlation is observed between flowering and fruiting as well as separation 

between leaf initiation and reproductive phades i.e., flowering and fruiting. Environmental 

variables also show varying degree of influence on plant phenology in Mikania micrantha. 
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The CCA plot of Solanum torvum provides insight into the relationship between 

phenophases and environmental factors across the different months. Flowering and fruiting 

were associated with precipitation, minimum and maximum temperature in axis 1 while the 

relative humidity representing the secondary gradients in axis 2 influenced leaf fall and leaf 

initiation. Moreover, the ellipse encompasses most of the data points that majority of 

variation is explained by the two axes with October month being different from the other 

months. The clustering of months and phenophases indicate the temporal pattern in the 

plant life cycle with specific events occurring during distinct environmental conditions.   

However, the relative humidity and maximum temperature were closely associated with 

flowering phenophases of Solanum viarum. In addition, minimum temperature positioning 

near the precipitation indicates a potential relationship between cooler temperature and 

rainfall. The elliptical region encloses most of the points suggesting variation in the data. 

In Synedrella nodiflora, environmental variables i.e., relative humidity, minimum and 

maximum temperature were closely aligned with flowering phenophases while the 

precipitation play a more general influence on the phenophases. Moreover, the phenophases 

like leaf fall and fruiting were tied to specific months indicating their timing is influenced 

by environmental conditions. In axis 1, the primary gradient of variation is likely driven by 

temperature variables and its seasonal fluctuation with flowering and fruiting phenophases 

influenced by temperature dependent process while the secondary gradient influences the 

variables such as relative humidity and precipitation with leaf fall and initiation were 

positioned along the axis 2 indicating their dependence on moisture related factors.  

The plot of Triumfetta rhomboidea displayed the close association between precipitation and 

minimum temperature and leaf fall and initiation indicating strong influence in these 

phenophases. Flowering phenology is linked with relative humidity and maximum 

temperature while the fruiting is positioned further along axis 1 indicating a distinct 

relationship with climatic parameters compared to other phenophases. Moreover, the 

clustering of months and phenophases suggest the seasonal cycle with specific events 

occurring under particular environmental conditions. The elliptical region encloses most of 

the points likely representing the main cluster of the data points. Furthermore, the CCA 

analysis of Urena lobata shows that leaf initiation is closely associated with precipitation and 

minimum temperature while flowering and fruiting were strongly associated with maximum 

temperature and humidity. Also, the elliptical region encompasses most of the data points 

indicating the spread or variability of the data. However, minimum temperature plays a 
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crucial role in influencing in different phenophases particularly during the transition from 

leaf initiation to flowering phenophases.   

5.6 Discussion  

5.6.1 Phenophases  

The phenological patterns i.e., flowering, fruiting, leaf fall and leaf initiation of the selected 

invasive species (Ageratum conyzoides, Bidens pilosa, Chromolaena odorata, Mikania 

micrantha, Solanum torvum, Solanum viarum, Synedrella nodiflora, Triumfetta 

rhomboidea and Urena lobata) were studied. The present study found differences and 

variations between phenology across the different forest types of Pakke Tiger Reserve. 

Some of the species have shown similar pattern of phenophases while other display distinct 

phenophases in the study area. In invasive species, flowering and fruiting phenophases were 

key traits that have been recurrently studied (Moravcova et al., 2010; Hornoy et al., 2011; 

Lediuk et al., 2014) in comparison to leaf phenology i.e., leaf fall and initiation (Piao et al., 

2019). However, the present study studied all the key traits of phenophases in invasive 

species. The flowering phenophases of Ageratum conyzoides observed in the present study 

coincides with the findings of Sarma and Bhattacharjya (2016) and Kumar et al. (2023). 

Longer period of flowering with violet colour retaining was also observed in the study area 

which was parallel to the findings of Kaur et al. (2012). Correspondingly, long flowering 

duration of Bidens pilosa was also observed in the study region which was also in 

accordance with the results of Kumar et al. (2023) and Kato-Noguchi and Kurniadie (2024). 

The peak flowering period of Chromolaena odorata in all forest types was from October to 

December in Pakke Tiger Reserve. A similar pattern of phenophases was observed by 

Rathnayake and Wijetunga (2016). The timing of Mikania micrantha blooming was from 

October to January and their average duration were found almost similar with the results of 

Shen et al. (2016). The flowering pattern of Solanum torvum observed in the present study 

was in accordance with the study of Paul and Kumar (2023) and Knapp (2024a).  Moreover, 

the blooming period of Solanum viarum in Pakke Tiger Reserve was also similar with the 

study of Mullahey et al. (1993), Knapp (2024b) and CABI (2024). Synedrella nodiflora 

flowering phenophases across the forest types were found similar with the findings of 

Mbatudde et al. (2007) and Win and Hnin (2022). The phenology of Triumfetta rhomboidea 

was also concurred with the findings of Bosch (2012), Raju and Rani (2017) and Prakash 

(2023). The blooming period of Urena lobata was from July to January across the study 
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area. This observation was similar with the study of Mukherjee (1969), Naidu et al. (2005) 

and Buragohain (2011).  

The result of the present study shows that the fruiting phenophases of the selected invasive 

species (Ageratum conyzoides, Bidens pilosa, Chromolaena odorata, Mikania micrantha, 

Solanum torvum, Solanum viarum, Synedrella nodiflora, Triumfetta rhomboidea and 

Urena lobata) across different forest types were in line with the findings of Mullahey et al. 

(1993), Welman (2003), Shen et al. (2016). Raju and Rani (2017), Sankara et al. (2019), 

Ghosh et al. (2022), Meitei et al. (2022) and Inuthai (2023).  

In addition, the leaf fall phenology of the selected species (Ageratum conyzoides, Bidens 

pilosa, Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum viarum, 

Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata) were coincides with the 

works of Call (1998), Das and Agarwala (2011), Mullahey (2012), Lalmuanpuii et al. 

(2020) and Ghosh et al. (2022). 

The leaf initiation phenophases of the selected species (Ageratum conyzoides, Bidens 

pilosa, Chromolaena odorata, Mikania micrantha, Solanum torvum, Solanum viarum, 

Synedrella nodiflora, Triumfetta rhomboidea and Urena lobata) were corresponded with 

the study of Call (1998), Cao et al. (2003), Ekeleme et al. (2005), Ghosh (2006), Das and 

Agarwala (2011), Mullahey (2012), Girija et al. (2015), Chauhan et al. (2019), Lalmuanpuii 

et al. (2020). 

5.6.2 Phenological Variations Between the Forests  

Variation of phenophases on the selected invasive species across the study site had been 

observed in study area which is in accordance with the findings of Beniwal (1987) in 

Arunachal Pradesh. This might be due to phenological phenomenon which varies 

depending upon humidity and temperature. In addition, influence of high relative humidity 

and low temperature might have played a role in difference of phenology (Beniwal, 1987). 

Moreover, variation between the phenophases i.e., Ageratum conyzoides in flowering and 

Chromolaena odorata in leaf initiation across the forest types was also observed in Pakke 

Tiger Reserve which concurred with the results of Mohanta et al. (2020). The difference 

between phenophases is the outcome of phenological behaviour of different forest types 

differed from species to species, elevation to elevation and forest type to forest type as well 

as the effect of precipitation and maximum temperature might also be the reason for the 

variation between the forest types (Beniwal, 1987; Mohanta et al., 2020).   
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5.6.3 Phenology in Relation to Climatic Parameter 

5.6.3.1 Linear Regression 

The relationship of phenological patterns to climatic parameters is mirrored by linear 

regression. The results of the study clearly show that climatic parameters were related with 

the phenological phenomena of the selected invasive species. Precipitation, relative 

humidity, minimum and maximum temperature were significantly associated with the plant 

phenophases across the different forest types. In flowering phenology, all climatic 

parameters influenced the flowering in some of the invasive species. Similar climatic 

influence on flowering phenophases were also found in the study of Williams and Abberton 

(2004), Lesica nad Kittelson (2010) and Fernandes et al. (2015). These influences led to 

earlier onset of flowering in invasive in comparison to native species (Godoy et al., 2009; 

Colautti et al., 2017). 

 However, in fruiting phenology, relative humidity does not have influence over the 

invasive species but precipitation and temperature (minimum and maximum) do in Pakke 

Tiger Reserve. These findings correlate with the report of Parry et al. (2007) and Ullah et 

al. (2022). The climatic parameters i.e., precipitation and temperature help in formation and 

development of fruit in the species (Tutin and Fernandez, 1993; Hatfield and Prueger, 

2015). Conversely, relative humidity regulates the pace at which seeds spread in fruiting 

phenology (Van der pijl, 1972), rather than influencing the phenophases. The phenophases 

of leaf fall display their association with relative humidity and minimum temperature in 

Pakke Tiger Reserve. This finding is also supported by other lines of evidence (Zhang et 

al., 2015; da Silva et al., 2018; Camarero and Rubio-Cuadrado, 2024; Lang et al., 2024). 

Both of this climatic parameter delayed leaf fall, increasing the duration of phenophases 

(Taylor et al., 2008; Lee et al., 2022).  Consistent with other studies (Frankie et al., 1974; 

Hegarty, 1990), the present study also found that precipitation and maximum temperature 

does not have significant influence in the phenology of invasive species. In contrast to 

present findings, some studies have reported their influence in plant phenology (Barrett and 

Brown, 2021; Negi et al., 2022; Tang et al., 2023; Nasja et al., 2024). In addition, leaf 

initiation phenophases were closely related with all the climatic parameters across the 

different forest types of Pakke Tiger Reserve. These significant associations which were 

observed in present study were also reported by O’Hare (2002), Jaroenkit et al. (2012) and 

Zhang et al. (2015).  Temperature (minimum and maximum) and humidity initiate early 

leaf flushed in the invasive species by increasing the length of phenophases (Koptur et al., 
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1988; Fogelstrom et al., 2021). Likewise, precipitation also helps in early flushing of leaf 

in the study area which coincides with the study of Jolly et al. (2004) and Jaroenkit et al. 

(2012).  

5.6.3.2 Correlation  

The present study had shown significant correlation between the phenophases and 

environmental variables.  

5.6.3.3 Correlation between Flowering Phenophases and Environmental Variables  

The correlation between flowering and minimum temperature displays significant 

correlation in five species (Ageratum conyzoides, Bidens pilosa, Chromolaena odorata, 

Mikania micrantha and Solanum viarum). Negative correlation and positive correlation 

with minimum temperature, maximum temperature and precipitation were observed in the 

present study, which is in accordance with the study of William and Aberton (2004), Von 

Holle et al. (2010), Tiwari and Chandra (2017) and Mohandass et al. (2018). Minimum 

temperature had a significant correlation with the flowering phenophases because it is main 

climatic parameter for inducing and accelerating the flowering in many plants, with the 

regulation of “florigen” which is present in the leaves (Wang et al., 2022). When florigen 

reaches the shoot apical meristem, it is synthesized in the leaves and activate the floral 

transition (Tsuji, 2017). Later, through the vernalisation process, plant changes from 

sprouting to sexual growth under the influence of minimum temperature (Khodorova and 

Boitel-Conti, 2013). Maximum temperature also had significant association with the 

flowering of invasive alien plant species in the present study. It leads to early flowering and 

faster growth in plants which might due to gene expression and pigment synthesis such as 

Chalcone synthade (Khodorova and Boitel-Conti, 2013; Hedge et al., 2020). Furthermore, 

precipitation (rainfall) plays an important role in the flowering phenophases (Godoy et al., 

2009). Precipitation triggers early flowering due to their interaction with edaphic factors 

leading to more resource assimilation of higher nutrient levels (Lesica and Kittelson, 2010). 

Moreover, it interacts with the timing of vernalisation to initiate the allele and transcription 

factors, which ultimately lead to flowering (Caicedo et al., 2004). However, the relation 

with relative humidity displays only positive correlation in the study which is also similar 

with the findings of Mortensen (2000).  Humidity increases the number of flower and flower 

buds by directly influencing the plant water relation, accelerating photosynthetic activity 
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and rate of assimilation leading to shorter vegetative growth and early flowering in plant 

(Mortensen, 1986).  

5.6.3.4 Correlation Between Fruiting Phenophases and Environmental Variables  

The fruiting phenophases display negative correlation with minimum temperature, 

maximum temperature and precipitation in the present study. These findings were similar 

with the result of Tutin and Fernandez (1993), Cortes-Flores et al. (2013), Sobrinho et al. 

(2013), Nakar and Jadeja (2015) and Khound and Barua (2016). Moreover, minimum 

temperature influences the formation of fruit size (Tutin and Fernandez, 1993) while the 

higher temperature increases the fruit size and soluble solid in the plant (Hatfield and 

Prueger, 2015). In addition, rainfall also influences fruiting seasonality (Van Schaik et al., 

1993) and germination success (Rathche and Lacey, 1985). However, humidity shows both 

positive and negative correlation in the present study which were in line with the findings 

of Tiwari and Chandra (2017). Relative humidity assists the initiation of fruiting (Stamets, 

2011) and impact on the fruit body by increasing the seed set without affecting fruit set 

(Moore et al., 2008).  

5.6.3.5 Correlation between Leaf Initiation Phenophases and Environmental 

Variables  

In the present study, leaf initiation shows positive correlation with minimum temperature 

and precipitation. The derived result of this study is consistent with the result of Singh et 

al. (2023). This might be due to invasive species having weaker winter chilling requirement 

or strong response to spring warming or photoperiod process (Polgar et al., 2014). 

Moreover, winter chilling, spring warming and photoperiod deemed essential prerequisites 

for early leaf initiation in invasive species and often leaf initiate earlier than native 

vegetation (Xu et al., 2007; Polgar et al., 2014). Moreover, precipitation triggers leaf 

initiation by breaking of vegetative buds in some of the species (Kushwaha et al., 2010).  

In addition, maximum temperature and humidity display both positive and negative 

correlation. These findings were concurrent with the results of Williams-Linera (1997), 

Jaroenkit et al. (2012), Singh et al. (2023) and Nasja et al. (2024). With the higher 

temperature, the invasive plant might have additional advantages over the native flora 

(Polgar et al., 2014) though leaf initiation to maximum temperature is species specific 

(Cleland et al., 2007). It also increases the length of growing season in a plant and the 

capacity to compete for nearby resources (Fridley, 2012), which might lead to alteration in 
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species composition at the community level ((Polgar et al., 2014) and forces early bursting 

of bud and leaf initiation in the plant (Vitasse et al., 2009). Furthermore, humidity also 

activates the bud break and initiates early leaf out in the plant (Laube et al., 2015). 

5.6.3.6 Correlation between Leaf Fall Phenophases and Environmental Variables  

Leaf fall is regarded as significant yearly event in forest (Zalamea and González, 2008), 

which help in determining the plant functional types (Chapin et al., 1996).  Leaf fall is 

negatively correlated with minimum temperature and humidity. The results of the present 

study is in accordance with the study of Williams-Linera and Tolome (1996) and Williams-

Linera (1997), Nanda et al. (2014) and da Silva et al. (2018). Under the minimum 

temperature, leaf fall is delayed due to post harvest inhibition by declining antioxidant 

enzyme and transcriptional activities (Lee et al., 2022;). Moreover, minimum temperature 

helps in maintaining prolong shelf life and slowing down of leaf aging (An et al., 2020). 

Similarly, humidity also delays leaf fall because of phytohormones, leaf sugar content and 

source–sink status of the plant (Taylor et al., 2008).  However, positive and negative 

correlation is found in maximum temperature and precipitation which concur with the 

report of Williams-Linera and Tolome (1996), Williams-Linera (1997) and Nanda et al. 

(2014). The maximum temperature induces early leaf fall in some plants due to 

accumulation of soluble sugars (De la Haba et al., 2014). Additionally, precipitation also 

induce early leaf fall as they were directly regulated (Yu et al., 2022). 

5.6.3.7 Canonical Correspondence Analysis and Climatic Parameters 

CCA is an efficient ordination technique that produces a multivariate gradient analysis and 

helps in visualizing the relation between the species and environmental variables (Ter 

Braak, 1986, 1987). Moreover, multicollinearity in the species data does not interfere with 

CCA, more species can be evaluated than sites (Ter Braak, 1986). This analysis displays an 

ordination diagram which had both species and environmental variables explaining their 

relationship with each other. Therefore, CCA had been used in the present study to describe 

the relation between the species phenophases (flowering, fruiting, leaf fall and leaf 

initiation) and environmental variables (precipitation, relative humidity, minimum and 

maximum temperature). According to CCA results, all the climatic parameters i.e., 

precipitation, relative humidity, minimum and maximum temperature influenced the 

various phenophases (flowering, fruiting, leaf fall and initiation) occurrences of invasive 

species. Abbad and Benchaabane (2004), Inouye et al. (2003), Lesica and Kittelson (2010), 
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Hegazy et al. (2012) and Khan et al. (2018) studied the phenological patterns and conclude 

that phenological behaviours of plants were significantly influenced by climatic parameters. 

Similar findings have been observed in the present study in which precipitation, relative 

humidity and temperature (minimum and maximum) together tended to accelerate the 

flowering, fruiting, leaf fall and initiation in these invasive plants (Morais and Freitas, 2015; 

Ullah et al., 2022).  

5.7 Conclusion  

The results obtained represent important information to understand the phenological 

behavior of invasive alien plant species in the eastern Himalayan region. This research 

reveals that the eastern Himalayan region is more vulnerable to invasion due to climate 

change. The selected invasive species modify phenological patterns to increase their 

geographical range under the influence of climate conditions in the study area.  Moreover, 

precipitation, relative humidity, minimum and maximum temperature had a vital effect on 

their distribution in Pakke Tiger Reserve. The study had demonstrated that flowering, 

fruiting, leaf initiation and leaf fall phenophases of invasive species modify their phenology 

plasticity. The findings give a vast avenue for future research and help to anticipate the 

behavior and proliferation of invasive species in eastern Himalayan region. This study will 

be highly significant and valuable to widen the knowledge of phenological response in the 

context of observed and anticipated climate change. The outcomes of present study revealed 

only the annual response of invasive phenophases to climatic parameters. To gain a better 

understanding of more phenological response, long term monitoring of phenology should 

be undertaken in in future studies. This will offer a more thorough knowledge of the 

consequences of climate change on invasive species. 

 

***********************



 

- 149 - 
 

Chapter 6:  

Ecological Impact of Invasive Alien Plant Species 

on Native Flora 

6.0 Introduction 

IAPs have a significant impact on the ecosystem by altering the diversity of native 

population, productivity and fluxes of soil properties and nutrients pools (Alvarez and 

Cushman, 2002; Blank and Young, 2002; Wilsey and Polley, 2006; Pysek et al., 2012; 

Barney et al., 2015; Tekiela and Barney, 2017) and can changes the key biological process 

discretely (Ehrenfeld, 2003; Levine et al., 2003; Vardien et al., 2012). Furthermore, impacts 

of IAPs on the native vegetation have been widely recognized worldwide but lack the 

thorough knowledge through which they proliferate successfully (Li et al., 2006). In order 

to address this matter, it is crucial to comprehend the approaches by which the IAPs affect 

the populations they invade (Parker et al., 1999; Levine et al., 2003). 

Majority of the IAPs studies focused on the impact of the above ground terrestrial plant 

communities (Macdonald, 1991; Levine et al., 2003; Hejda and Pysek, 2006; Brown et al., 

2006; Hejda et al., 2009; Meffin et al., 2010) as compared to below ground structures which 

might be due to methodological limitation (Belnap and Philips, 2001). However, IAPs often 

had more potential for expansion which resulted in ecological impact on both above and 

below ground storage and nutrient exchanges (Liao et al., 2008; Te Beest et al., 2015). In 

recent years, few studies of IAPs impact on below ground ecosystem have garnered 

significant global interest among the invasion biologist (Simba et al., 2013; Baranova et al., 

2017; Cuda et al., 2017). Such studies need urgent prominence as the plant and soil are 

tethered to each other and any changes due to IAPs in native vegetation would causes 

further changes in soil properties of the native vegetation (Vitousek, 1990; Timsina et al., 

2011). IAPs also change the soil conditions in such a way that facilitate further incursions 

in invaded ecosystem (Simberloff and Von holle, 1999; Richardson et al., 2000; Callaway 

et al., 2001). Moreover, they not only alter the physicochemical properties but also the 

displayed profound impact on abundance, composition and soil microbial communities 

creating a favorable condition for IAPs over native plant (Klironomos, 2002; Duda et al., 

2003; Callaway et al., 2004). Some IAPs positively influenced soil physicochemical 
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properties resulting in notable changes in the characteristics of the soil (Windham and 

Lathrop, 1999; Stefanowicz et al., 2018; Kumar et al., 2021).  

Moreover, alteration of soil is often associated with the changes in decomposition and litter 

fall which connect the above and below processes (Ehrenfeld, 2003; Pandey et al., 2014). 

Though IAPs invasion have led to changes in litter quality and quantity as well as 

decomposer communities (Kourtev et al., 2002; Liao et al., 2008; Kone et al., 2012) 

resulting in negative effects on many environments (Wei et al., 2017). According to 

Ehrenfeld (2010) and Simberloff et al. (2013), IAPs invasion may be due to site- specific 

and effects might depend on the soil properties, especially fertility in the incursion region 

(Funk and Vitousek, 2007). Several studies have shown that IAPs have many mechanisms 

which help in alteration of soil properties (Tererai et al., 2015) by shifting the species 

composition (Jeddi et al., 2009), favouring more nutrient uptake than native in the invaded 

soil (Yelenik et al., 2004). Also, the IAPs impacts on the dynamics of soil system were 

varied and included changes in key elements such as carbon, nitrogen and other nutrient 

pools, as well as physicochemical properties modification (Chen et al., 2015; Soti and 

Jayachandra, 2016; Afreen et al., 2018). Under the influence of IAPs, some studies reveal 

that biotic and abiotic characteristics of soil changes such as faunal and microbial 

communities, nutrients availability, moisture and pH (Chapin et al., 2002; Elgersma and 

Ehrenfeld, 2011; Suding et al., 2013) resulting in increased of organic carbon, total 

nitrogen, phosphorus, soil pH, biomass, rates of decomposition and repellence of soil water 

(Fan et al., 2010; Vila et al., 2011; Ruwanza et al., 2013; Sardans et al., 2017)., Some studies 

shows negative effect in soil properties, when IAPs comes in contact with the recipient 

environment (Christian and Wilson, 1999; Leary et al., 2006; Tererai et al., 2015). 

Furthermore, the effects of IAPs vary greatly depending on particular region (Osunkoya 

and Perrett, 2011). Therefore, it had been recommended to study the impact of IAPs 

conducted using condition unique to particular species and region. 

However, in eastern Himalayan region of Arunachal Pradesh, no comparative studies of 

invasive alien plant species on physicochemical properties of soil have so far investigated 

from this region in regional or global scale. Therefore, the present study is undertaken to 

understand the impact of invasive alien plant species on the dynamics system of 

physicochemical properties of the soil in the eastern Himalayan of Indian Himalayan 

region.  
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6.1 Methodology  

6.1.1 Study Area  

The Pakke Tiger Reserve (PTR; 26o55’ to 27o15’E: 92o35’ to 93o10’N; Figure 6.1), 

Arunachal Pradesh lies in the north eastern region of eastern Himalaya. The eastern 

Himalaya owing to the beautiful realms of the oriental and the Indo-Malayan region have 

been considered as one of the biodiversity hotspot regions and one of the ecoregions in the 

world (Myers et al., 2000; Brooks et al., 2006). Pakke Tiger Reserve is located in the 

western part of sloping and rugged mountains region of Arunachal Pradesh in the Eastern 

Himalayas, specifically in the newly declared district of Pakke Kessang. PTR covers a total 

geographical area of 861.95 km², which accounts for 9.04% of the total protected areas of 

this eastern Himalayan state.  Moreover, it covers 45% of the total areas of the newly 

formed Pakke Kessang district (1932 km²) of the Arunachal Pradesh state. The PTR is 

completely circled from all sides-Papum Reserve Forest on the east, Doimara Reserve 

Forest and Eaglenest Wildlife Sanctuary on the west, Tenga Reserve Forest on the north 

and Nameri Tiger Reserve on the south, along with two rivers, Bhareli or Kameng River 

on the west and Pakke River on the east. The reserve is governed by three Range offices 

namely Seijosa Range office, Tippi Range office and Riloh Range office, with their own 

area demarcated for jurisdiction. The terrain of the reserve is very steep and continuously 

rugged on the sides of Tippi range and Riloh range as compared to Seijosa range which 

have plain and moderate sloping hills. The reserve spans altitudes ranging from 150 to 2050 

m above the sea level. The reserve is home to different varieties of birds (296), butterflies 

(284), snakes (46), mammals (60) and many other small species (Datta and Goyal, 1997; 

Datta et al., 1998; Sondhi and Kunte, 2014; Rambia and Rathore, 2022). 

According to Champion and Seth (1968) the reserve vegetation is classified as the Assam 

valley tropical evergreen forest with the average annual rainfall of 2500 mm, predominantly 

falling in the month of May to September. The temperature varies from 12° to 36° C with 

cold weather starting from December to February and May to June is the hottest month. In 

the south eastern side of the reserve, more than 20 villages and small settlements adjacent 

to the Pakke River with a population of more than 4000 adults’ villagers were located (Datta 

and Goyal, 1997). Because of its location in the oriental and Indo Malayan region, the area 

had a rich biological diversity in both flora and fauna. Moreover, the steeped terrain of the 

reserve restricts the easy accessibility inside the core area. 
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Figure 6.1: Map of the study areas showing the location point of sampling sites in Pakke 

Tiger Reserve. 

 

 

Table 6.1. Detail information about the sampling sites with status, location and vegetation 

in PTR. *IN- Invasive, UN- Un-invasive, AAPSEF- Assam Alluvial Plain Semi Evergreen 

Forest, EHMCF- East Himalayan Mixed Coniferous Forest, EHSTWH- the East Himalayan 

Subtropical Wet Hill, NF- Non-Forest and RF- Riverine Forest. 

 

  

Forest 

types 

Status  

(IN /UN) 

Coordinates Altitude 

(m) 

Location 

 

AAPSEF 

Invaded 26.954056 92.993444 149 West Bank 

Uninvaded 26.956389 92.993889 162 West Bank 

 

EHMCF 

Invaded 26.950778 92.981222 234 West Bank 

Uninvaded 26.945556 92.981667 163 West Bank 

 

EHSTWH 

Invaded 27.025722 92.981778 857 Laling camp 

Uninvaded 27.027833 92.975833 930 Laling camp 

 

NF 

Invaded 27.056222 92.776222 144 Bhalu camp 

Uninvaded 27.041944 92.774444 137 Bhalu camp 

 

RF 

Invaded 27.088056 92.796389 187 Kachuwa Matha  

Uninvaded 27.095278 92.810278 211 Kachuwa Matha  
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6.1.2 Species Selection 

For the present study, the dominantly distributed species was considered for observation 

i.e, Chromolaena odorata, as these species was distributed in five forests at contagious 

level in the study area (Photo plate 6.1). Moreover, the selected species was more densely 

distributed and their proliferation was more than the rest of selected species in chapter 4 

and 5. Considering their invasiveness and the results observed from the chapter 4, these 

species was selected for the present chapter.   

 Chromolaena odorata (L.) R.M. King & H. Rob. (hereafter C. odorata) (Asteraceae), 

commonly known as “Siam weed”, “Christmas weed” or “bitter brush” is a globally known 

invasive scrambling shrub (King and Robinson, 1970; Howard 1989; Lioger, 1997), native 

to tropical and subtropical America (Koutika and Rainey, 2010) and second most abundant 

invasive alien plant species (Robertson et al., 2003). C. odorata is reported as one of the 

global worst weed invader (Lowe et al., 2000), which have now invaded five continents out 

of seven continents in the world (Kriticos et al., 2005; Mandal and Joshi, 2014a). With the 

ability to withstand different soil and climatic conditions in recipient environment 

(Muniappan et al., 2009; Uyi et al., 2014), this species can quickly be established and 

overwhelm the native vegetation (McFayden and Skarratt, 1996; Ohtsuka, 1999). These 

species have been reported as one of the worst terrestrial invasive plants in the humid tropics 

and subtropics regions of the world (Holm et al., 1977; Gautier, 1992) and well known for 

invading the secondary habitats i.e., agricultural lands, forest clearings and along the trails, 

roadsides and forest margins (Rao, 1977; Azmi, 2002; CABI, 2024).  

  

Photo plate 6.1: Floral and leaf initiation of Chromolaena odorata  
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6.1.3 Sampling Site and Soil Collection 

The present study was conducted in the core area of the Pakke Tiger Reserve and the study 

site is located on five different forest types i.e., Assam Alluvial Plain Semi Evergreen Forest 

(AAPSEF), the East Himalayan Mixed Coniferous Forest (EHMCF), the East Himalayan 

Subtropical Wet Hill Forest (EHSTWH), the Non-Forest (NF) and the Riverine Forest (RF; 

Champion and Seth, 1968; FSI, 2009; Table 6.1). The study is rugged mountainous in the 

north and narrow plain and steeping sides in the south with little bit of slope southward 

toward the river valley area. The elevational of the study site varies from one forest types 

to another and soil of the different forest is described as loamy to sandy loamy soil. In these 

study area, structure of the forest is a typical layered with Tetrameles nudiflora and 

Ailanthus integrifolia forming the dominant species in the study area (Singh, 1991). 

Moreover, different types of tree species dominate at each level such as Pterospermum 

acerifolium, Sterculia villosa, Monoon simiarum, Duabanga grandiflora and 

Stereospermum chelonoides dominating the lower plain and middle level of the forest 

whereas the species like Castanopsis tribuloides, Castanopsis indica and Mesua ferrea 

dominate the upper level of the forest region. With high diversity of trees, shrubs, herbs, 

lianas and climbers, the vegetation of the forest is very dense. Additionally, native species 

such as Clerodendrum colebrookeanum, Melastoma malabathricum, Phlogacanthus 

curviflorus, Strobilanthes cusia, Osbeckia nutans, Hellenia speciosa, Lepidagathis incurva, 

Phanera vahlii and Poikilospermum suaveolens covers the ground layers of the study area. 

Detailed information regarding about the location sites is given in Table 6.1. 

 Extensive field study was conducted in each of selected five different forest types to know 

about the distribution and peak growing season of Chromolaena odarata before the 

collection of soil from the study area. During the month of September, the collection of soil 

samples following Lawrence et al. (2016) was carried out in all selected site (invaded and 

uninvaded) of five different forest types of the Pakke Tiger Reserve. In each forest types, 

six sites were selected randomly for soil collection; one with high invasion of Chromolaena 

odorata (>70% cover percentage targeted) and other adjacent to the uninvaded sites with 

same cover percentage of native population were selected for the study (Ruwanza and 

Shackleton, 2016; Fig. 6.1). At each soil sampling sites, six 1x1m in invaded and another 

six 1x1m in uninvaded vegetation were laid. Thus, twelve soil samples per sites were 

collected to a depth of 0-15 cm using a soil auger after the removal of overlaying debris 

from the forest floor (Photo Plate 6.2). Hence, a total of 60 samples from the five forest 
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types (invaded and uninvaded sites) resulting six soil samples per site both in invaded and 

uninvaded were collected.  

  

Photo Plate 6.2: Collection of soil from C. odorata invaded and uninvaded area.  

 

All the soil samples were thoroughly mixed and pooled in the zip-locked plastic bag and 

kept in cold temperature. In each zip-locked polyethene bag, all the necessary details were 

patched on the cover such as site location with GPS point, habitats types, date, time and 

elevation (Photo plate 6.3).  After the collection of soil from the sites of each forest types, 

unwanted debris, stones, plant materials and macro fauna were removed from the soil. In 

lab, the soil samples were dried and sieved by 2 mm mesh screen for the detailed 

physicochemical analysis, were then stored in a refrigerator at – 4° C until further analysis.  

6.1.4 Soil Properties and Analysis 

The soil pH was determined using a digital pH meter (model LT 50, Labtronics) with soil 

distilled water (1:2.5 w:v) at 25° C (FAO, 2021) and electrical conductivity (EC) was 

measured by a digital conductivity meter (model CM 183 EC-TDS, Elico) at 25°C 

respectively. Water holding capacity (WHC) was determined by following Kirkham (2005) 

and soil texture was measured using the hygrometer method following Okalebo et al. 

(2002). The organic carbon (OC) was determined according to volumetric method 

following Walkley and Black (1934), nitrogen (N) by Kjeldahl method (Subbiah and Asija, 

1956), available phosphorus (P) by Olsen method (Olsen et al., 1954). Available potassium 

is determined by using flame photometer following Hanway and Heidal (1952), available 
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sulphur was done by extraction of mono-calcium phosphate following William and 

Steinberg (1959) and available boron was determined by using hot water extraction and 

colorimetric method following John et al. (1975). Furthermore, micronutrients such as 

Copper (Cu), Iron (Fe), Zinc (Zn) and Manganese (Mn) were determined by using double 

beam atomic absorption spectrophotometer (model AAS4141, Ecil).  

The data were analysed by using Microsoft excel, Paleontological Statistics (PAST) 

software, version 5.1 (Hammer et al., 2001) and R-studio software, version 4.2.2.  All the 

data of the samples of the soil physicochemical properties were taken in a single month of 

September in order to avoid repeated measure analysis (Debnath et al., 2018). The 

comparison between invaded plots and uninvaded plots of the five different forest types in 

Pakke Tiger Reserve were analysed by using t- test. Also, the data was subjected to Analysis 

of Variance (ANOVA) to understand the differences in soil properties between invaded and 

uninvaded across all the sites in five different forest types. Moreover, similarities among 

the invaded and uninvaded sites were measured through Bray-Curtis similarity index 

following Simba et al. (2013) and Testoni et al. (2022). Pearson correlation Varimax 

rotation was used to standardize the data in order to optimize the association between soil 

parameters and principal components (PC; Simba et al., 2013), as the soil properties with 

loading greater than 0.33 were considered to be related with the principal components (PCs) 

according to Kothari (2004). Also, the number of principal components (PCs) was chosen 

on the basis of Broken Stick which retains only those components whose eigenvalue value 

is larger than the value provided by the distribution of broken stick value (MacArthur, 

1957).  

6.2 Results 

The present study shows the noteworthy effect of C. odorata on soil properties in the study 

area. There have been significant differences in the soil properties of invaded and uninvaded 

across the sampling sites in five different forest types.  

6.2.1 Soil Physical Properties 

The water holding capacity (WHC) differ significantly between the invaded and uninvaded 

plots in all three forest types namely, AAPSEF, EHMCF and NF (P=0.04, 0.02 and 0.02), 

while EHSTWH and RF shows non-significant (Table 6.2), with higher percentage in 

uninvaded sites of AAPSEF, EHSTWH, NF and RF except for the EHMCF, which have 
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high percentage in invaded site. Correspondingly, clay, silt and sand also varied across the 

forest types. The percentage of clay show significant between the EHMCF, EHSTWH and 

NF (P=0.02, 0.03 and 0.05), in contrast to AAPSEF and RF which exhibit no significant. 

Clay percentages were high in all invaded sites as compare to uninvaded sites across the 

forest types. The percentage of silt are not significantly differed in invaded and uninvaded 

site of EHMCF and EHSTWH but displayed significance in AAPSEF, NF and RF (P=0.04, 

0.02 and 0.04) and have high percentages in invaded sites of four forest types except for 

EHMCF, which have high percentage in uninvaded (Table 6.2). Moreover, the percentage 

of sand show non-significant in EHMCF, EHSTWH and NF, though AAPSEF and RF 

revealed their significant in the sampling site (P=0.03 and 0.03). However, the sand 

percentages were high in uninvaded sites of four forest types in comparison to EHMCF, 

with high percentage in invaded site (Table 6.2). 

  

 
 

Photo Plate 6.3: (A) Ziplock polythene for keeping soil sample (B) After sieving the 

soil sample (C) Weighing of soil sample and (D) Atomic Absorption 

Spectrophotometer  

 

A B 

C 
D 
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6.2.2 Soil Chemical Properties 

The soil pH across the sampling sites were quite acidic in all invaded and uninvaded plots 

with an average of pH 4. Moreover, there is not significant difference in AAPSEF, 

EHSTWH and RF while EHMCF and NF (P=0.02 and 0.02) displayed significant between 

the invaded and uninvaded in the study area (Table 6.2). Moreover, the average value of 

uninvaded site was high in AAPSEF, EHMCF and EHSTWH while NF and RF have high 

average value in invaded sites across the study sites. The electrical conductivity (EC) of the 

soil was high in uninvaded sites of AAPSEF and EHSTWH while EHMCF and RF show 

higher in invaded sites. The soil electrical conductivity significantly differs in AAPSEF, 

EHMCF, EHSTWH and RF (P=0.007, 0.03, 0.02 and 0.003) except for NF showing non-

significant in the sampling site.  At four sites (AAPSEF, EHMCF, NF and RF), soil organic 

carbon (OC) and available nitrogen (N) were higher in the soil invaded by IAPs, except for 

the EHSTWH.  There was significant difference in four sites of soil OC (P=0.02, 0.05, 0.04 

and 0.008) with no significant difference in AAPSEF. However, available N (P=0.02, 

0.006, 0.03, 0.02 and 0.03) have shown significant differences in all sites.  Similarly, 

available potassium (K; P=0.04,0.02, 0.05, 0.05 and 0.04) and available boron (B; P=0.01, 

0.04, 0.001, 0.01 and 0.01)) exhibit significant difference in all sites. However, soil K was 

higher in invaded sites of AAPSEF, NF and RF but remaining sites display opposite trend. 

But in soil B, only AAPSEF was high in uninvaded site while the other shows higher in 

invaded sites of EHMCF, EHSTWH, NF and RF. Additionally, available phosphorus (P) 

was high in invaded sites of AAPSEF, EHMCF and RF but in EHSTWH and NF where it 

shows higher in uninvaded site with significance difference in four sites (P=0.02, 0.04, 0.03 

and 0.03), except for EHMCF revealing non-significant. The available Sulphur (S) in the 

soil also revealed the significant difference in four sites of AAPSEF, EHMCF, EHSTWH 

and RF (P=0.03, 0.03, 0.04 and 0.04) while the NF display non-significant, though 

EHMCF, EHSTWH AND NF sites have high values in invaded as compare to AAPSEF 

and RF which were high in uninvaded sites. Furthermore, the soil micronutrients (Cu, Fe, 

Zn and Mn) show differences in site specific. The soil micronutrients, viz., Fe (P=0.03, 

0.02, 0.03, 0.02 and 0.04) and Mn (P=0.04, 0.007, 00.02, 0.04 and 0.03) differ significantly 

between the invaded and uninvaded in all sites. However, Fe was higher in four invaded 

sites (AAPSEF, EHMCF, NF and RF) while EHSTWH show the opposite.
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Table 6.2: Results of soil properties in the invaded and uninvaded plot across the five forest sites in the Pakke Tiger Reserve. Significance levels: 

*p<0.05= Significance; p<0.001=moderately significant; p<0.0001=strong significant and ns= not significant. 

Soil 

parameters 

AAPSEF EHMCF EHSTWH NF RF 

Invaded Uninvaded p- 

value 

Invaded Uninvaded p- value Invaded Uninvaded p- 

value 

Invaded Uninvaded p- value Invaded Uninvaded p- 

value 

Soil pH 4.13±0.28 4.49±0.16 ns 4.06±0.14 4.91±0.27 0.02 4.50±0.45 4.97±0.15 ns 4.24±0.29 4.07±0.32 0.02 4.18±0.38 3.98±0.14 ns 

Electrical 

Conductivity 

(dS/m) 

0.31±0.16 0.65±0.05 0.007 0.43±0.04 0.32±0.02 0.03 0.53±0.03 0.82±0.09 0.02 0.47±0.06 0.47±0.09 ns 0.60±0.03 0.39±0.04 0.003 

Organic 
Carbon (%) 

0.74±0.04 0.69±0.10 ns 1.56±0.29 0.79±0.17 0.02 1.15±0.38 1.96±0.39 0.05 0.88±0.04 0.45±0.15 0.04 0.96±0.05 0.47±0.12 0.008 

Phosphorus 

(Kg/h) 

26.59±4.78 13.08±2.27 0.02 33.74±10.35 29.61±9.62 ns 14.42±4.56 27.83±3.24 0.04 16.16±2.93 26.30±3.02 0.03 37.78±5.95 19.13±4.85 0.03 

Potassium 

(Kg/h) 

242.11±22.

41 

174.06±19.8

4 

0.04 164.27±21.2

3 

253.50±27.

06 

0.02 81.48±6.66 188.98±44.01 0.05 143.17±27.60 75±6.75 0.05 172.82±28.04 103.29±16.

08 

0.04 

Sulphur (ppm) 20.30±3.11 32.91±4.07 0.03 23.19±3.51 12.56±2.63 0.03 26.57±3.03 15.29±3.72 0.04 27.83±11.99 19.67±6.71 ns 11.79±1.81 23.27±4.16 0.04 

Zinc (ppm) 1.76±0.16 1.10±0.24 0.05 1.46±0.21 0.75±0.22 0.04 0.82±0.14 1.81±0.39 0.05 1.73±0.23 0.83±0.31 0.04 1.29±0.29 0.88±0.29 ns 

Boron (ppm) 1.47±0.06 1.02±0.13 0.01 0.93±0.13 1.65±0.26 0.04 1.05±0.10 2.11±0.19 0.001 0.94±0.10 1.32±0.05 0.01 1.17±0.16 1.88±0.15 0.01 

Iron (ppm) 19.82±1.00 14.84±1.75 0.03 21.83±0.94 16.28±1.80 0.02 13.69±1.11 19.27±1.89 0.03 20.55±1.65 14.31±1.80 0.02 21.18±2.26 14.71±1.51 0.04 

Manganese 

(ppm) 

10.09±0.82 15.13±1.91 0.04 16.42±3.68 12.15±3.14 0.007 14.79±3.22 13.85±2.74 0.02 14.97±3.001 7.04±0.99 0.04 23.10±2.45 14.58±2.58 0.03 

Copper (ppm) 0.93±0.04 0.68±0.09 0.04 1.34±0.42 0.95±0.11 ns 2.12±0.39 0.91±0.18 0.02 1.01±0.04 0.88±0.08 0.03 1.07±0.06 0.86±0.06 0.04 

Available 

Nitrogen 
(Kg/h) 

374.52±42.

34 

231.68±29.5

2 

0.02 537.37±67.8

1 

250.80±25.

14 

0.006 207.69±16.

70 

494.29±98.82 0.03 477.96±79.61 212.48±13.

26 

0.02 565.99±96.80 280.34±37.

41 

0.03 

WHC (%) 51.66±5.32 66.63±3.57 0.04 57.7±8.54 48.48±9.39 0.02 57.18±9.41 70.58±2.87 ns 61.09±2.20 69.38±2.18 0.02 60.42±6.59 70.5±2.43 ns 

Clay (%) 3.185±0.29 2.56±0.47 ns 3.25±0.26 1.80±0.55 0.04 2.95±0.39 1.71±0.33 0.03 2.61±0.16 1.40±0.47 0.05 3.055±0.47 1.82±0.48 ns 

Silt (%) 21.46±1.30 15.56±2.10 0.04 11.27±1.14 13.58±2.73 ns 13.68±2.60 9.22±3.23 ns 18.55±0.99 12.71±1.85 0.02 18.08±1.88 11.42±2.26 0.04 

Sand (%) 75.35±1.24 81±2.21 0.03 86.35±1.24 84.65±3.01 ns 83.35±2.59 89.02±3.13 ns 84.26±1.77 85.91±2.05 ns 78.86±1.80 86.74±2.66 0.03 



 

- 160 - 
 

The Mn in the soil also show difference between thee invaded and uninvaded sites, in which 

EHMCF, NF and RF were high in invaded sites though AAPSEF and EHSTWH exhibit 

high in uninvaded site. While the remaining micronutrients Cu (P=0.04, 0.02, 0.03 and 

0.04) and Zn (P=0.05, 0.04, 0.05 and 0.04) differ significantly in four sites in AAPSEF, 

EHSTWH, NF and RF and the later in AAPSEF, EHMCF, EHSTWH and NF, respectively. 

However, Zn were higher in all invaded sites of the sampling plots while Cu were high in 

four sites i.e., AAPSEF, EHMCF, NF and RF, except for EHSTWH which show high in 

uninvaded site (Table 6.2). 

6.2.3 Analysis of Variance (ANOVA) Of Soil Properties in Invaded and Uninvaded 

Sites 

The results of the ANOVA have shown significant differences in the physicochemical 

properties between the invaded and uninvaded plots in the study sites (Table 6.3 and 6.4). 

The analysis of variance of soil pH showed significance difference among the uninvaded 

sites (F=4.14; P= 0.01; P<0.05) while non significance (P>0.05) among the invaded sites. 

In soil EC, both invaded (F=5.606, P= 0.002; P<0.05) and uninvaded sites (F=7.279, 

P=0.0004; P<0.05) have shown significant differences. However, OC have shown no 

significant variation in invaded sites (P>0.05) but significant differences in uninvaded sites 

(F=8.148, P=0.0002; P<0.05). The sites of K (F= 6.563, P=0.0009; F=7.504, P=0.0004), 

B (F= 3.49, P=0.02; F=6.017, P=0.001) and N (F= 4.735, P=0.005; F=5.128, P=0.003) 

have shown significant variation among the invaded and uninvaded site in the study area. 

The available P and S have a different result among the invaded and uninvaded sites, in 

which P (F=2.752, P=0.05) show only significant in invaded sites while S (F=3.154, 

P=0.03) in uninvaded sites. Moreover, the texture of soil i.e., silt (F=5.796, P=0.001) and 

sand (F= 6.086, P=0.001) have shown significant variation among the invaded sites but 

non-significant in uninvaded sites while clay represent non-significant (P>0.05) in all 

invaded and uninvaded sites. Similarly, the soil micronutrients, viz., Cu (F=3.441, 

P=0.02), Fe (F=4.881, P=0.004), Zn (F=3.167, P=0.03) and Mn (F=2.77, P=0.04) also 

showed significant differences in all invaded sites but non-significant (P>0.05) variation in 

uninvaded sites. Furthermore, the water holding capacity (F=3.741, P=0.01) display 

significant variation in uninvaded sites but non-significant in invaded sites (Table 6.3 and 

6.4). 
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Table 6.3: Results of the analysis of variance (ANOVA) test for soil properties in the invaded 

(IN) plots across all the sampling sites in Pakke Tiger Reserve. Significance levels: p<0.05= 

Significance; p<0.001=moderately significant; p<0.0001=strong significant and ns= not 

significant.  

Soil 

parameters 

Forest Types F- 

value 

p-value 

AAPSEF EHMCF EHSTWH NF RF 

PH 4.13±0.28 4.06±0.14 4.50±0.45 4.24±0.29 4.18±0.38 0.259 ns 

EC (dS/m) 0.31±0.16 0.43±0.04 0.53±0.03 0.47±0.06 0.60±0.03 5.606 0.002 

OC (%) 0.74±0.04 1.56±0.29 1.15±0.38 0.88±0.04 0.96±0.05 2.082 ns 

P (Kg/h) 26.59±4.78 33.74±10.35 14.42±4.56 16.16±2.93 37.78±5.95 2.752 0.05 

K (Kg/h) 242.11±22.41 164.27±21.23 81.48±6.66 143.17±27.60 172.82±28.04 6.563 0.0009 

S (ppm) 20.30±3.11 23.19±3.51 26.57±3.03 27.83±11.99 11.79±1.81 1.144 ns 

Zn (ppm) 1.76±0.16 1.46±0.21 0.82±0.14 1.73±0.23 1.29±0.29 3.167 0.03 

B (ppm) 1.47±0.06 0.93±0.13 1.05±0.10 0.94±0.10 1.17±0.16 3.49 0.02 

Fe (ppm) 19.82±1.00 21.83±0.94 13.69±1.11 20.55±1.65 21.18±2.26 4.881 0.004 

Mn (ppm) 10.09±0.82 16.42±3.68 14.79±3.22 14.97±3.001 23.10±2.45 2.77 0.04 

Cu (ppm) 0.93±0.04 1.34±0.42 2.12±0.39 1.01±0.04 1.07±0.06 3.441 0.02 

N (Kg/h) 374.52±42.34 537.37±67.81 207.69±16.70 477.96±79.61 565.99±96.80 4.735 0.005 

WHC (%) 51.66±5.32 57.7±8.54 57.18±9.41 61.09±2.20 60.42±6.59 0.2916 ns 

CLAY (%) 3.185±0.29 3.25±0.26 2.95±0.39 2.61±0.16 3.055±0.47 0.572 ns 

SILT (%) 21.46±1.30 11.27±1.14 13.68±2.60 18.55±0.99 18.08±1.88 5.796 0.001 

SAND (%) 75.35±1.24 86.35±1.24 83.35±2.59 84.26±1.77 78.86±1.80 6.086 0.001 

 

However, the overall analysis of variance across the sampling sites displayed that eight of 

soil parameters (B, Fe, Cu, N, WHC, Clay, Silt and Sand) were found significantly difference 

(Table 6.5). The P- value revealed that boron and clay were strongly significant (P <0.0001) 

while iron, copper, silt and nitrogen were moderately significant (P <0.001). Additionally, 

water holding capacity and sand also shows significant variation between invaded and 

uninvaded across all the sampling sites (P <0.05). 
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Table 6.4: Results of the analysis of variance (ANOVA) test for soil properties in the 

uninvaded (UN) plots across all the sampling sites in Pakke Tiger Reserve. Significance 

levels: p<0.05= Significance; p<0.001=moderately significant; p<0.0001=strong 

significant and ns= not significant. 

Soil 

parameters 

Forest Types F- value p-value 

AAPSEF EHMCF EHSTWH NF RF 

PH 4.49±0.16 4.91±0.27 4.97±0.15 4.07±0.32 3.98±0.14 4.144 0.01 

EC (dS/m) 0.65±0.05 0.32±0.02 0.82±0.09 0.47±0.09 0.39±0.04 7.279 0.0004 

OC (%) 0.69±0.10 0.79±0.17 1.96±0.39 0.45±0.15 0.47±0.12 8.148 0.0002 

P (Kg/h) 13.08±2.27 29.61±9.62 27.83±3.24 26.30±3.02 19.13±4.85 1.695 ns 

K (Kg/h) 174.06±19.84 253.50±27.06 188.98±44.01 75±6.75 103.29±16.08 7.504 0.0004 

S (ppm) 32.91±4.07 12.56±2.63 15.29±3.72 19.67±6.71 23.27±4.16 3.154 0.03 

Zn (ppm) 1.10±0.24 0.75±0.22 1.81±0.39 0.83±0.31 0.88±0.29 2.062 ns 

B (ppm) 1.02±0.13 1.65±0.26 2.11±0.19 1.32±0.05 1.88±0.15 6.017 0.001 

Fe (ppm) 14.84±1.75 16.28±1.80 19.27±1.89 14.31±1.80 14.71±1.51 1.338 ns 

Mn (ppm) 15.13±1.91 12.15±3.14 13.85±2.74 7.04±0.99 14.58±2.58 1.866 ns 

Cu (ppm) 0.68±0.09 0.95±0.11 0.91±0.18 0.88±0.08 0.86±0.06 0.871 ns 

N (Kg/h) 231.68±29.52 250.80±25.14 494.29±98.82 212.48±13.26 280.34±37.41 5.128 0.003 

WHC (%) 66.63±3.57 48.48±9.39 70.58±2.87 69.38±2.18 70.5±2.43 3.741 0.01 

CLAY (%) 2.56±0.47 1.80±0.55 1.71±0.33 1.40±0.47 1.82±0.48 0.8273 ns 

SILT (%) 15.56±2.10 13.58±2.73 9.22±3.23 12.71±1.85 11.42±2.26 0.9078 ns 

SAND (%) 81±2.21 84.65±3.01 89.02±3.13 85.91±2.05 86.74±2.66 0.9741 ns 

 

6.2.4 Cluster Analysis Among the Forest Sites 

This analysis among the invaded and uninvaded sites clearly shows that EHSTWH is 

different in both sites indicating their variation in soil parameters (Fig. 6.2). The 

dendrogram of Bray- Curtis similarity index represents the similarity of soil parameters in 

each site ranging from 0 to 1 (1-highest similarity and near 0-greater dissimilarity). The 

cluster analysis at invaded sites (IN) with cophenetic correlation coefficient of 0.9753 using 

paired group (UPGMA- unweighted pair group method with arithmetic mean) reflects how 

the soil variables is between the forest types, more similar variables in forest types forming 
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Table 6.5: Results of the analysis of variance (ANOVA) test for soil properties in C. 

odorata invaded and uninvaded plots across all the forest sampling sites in Pakke Tiger 

Reserve. * EC-Electrical conductivity, OC- Organic carbon, P-Phosphorus, K-Potassium, 

S-Sulphur, Zn- Zinc, N-Nitrogen, B-Boron, Fe-Iron, Mn-Manganese, Cu-Copper, WHC- 

Water holding capacity Significance levels: p<0.05= Significance; p<0.001=moderately 

significant, p<0.0001=strong significant and Mean±StanD. 

 

clusters with shorter branches indicating greater similarity between the joined forest types 

(less dissimilarity) while longer branches exhibit lower similarity. EHSTWH joined the 

entire cluster at the lowest similarity level (around 0.71) indicating its distinct soil variables 

compared to all the other forest types in the study area. The two forest types (RF and 

EHMCF) cluster together at the highest similarity value (above 0.95) reflecting their similar 

soil variables. In addition, NF is moderately similarly to RF and EHMCF but less than RF 

and EHMCF similar were to each other. AAPSEF is clustered together with RF, EHMCF 

and NF but had a lower degree of similarity between them. 

However, in uninvaded sites (UN) of clustering displayed cophenetic correlation coefficient 

of 0.8393, which is little less than invaded sites (0.9753) from unweighted pair group 

method with arithmetic mean according to Bray-Curtis similarity indices. Correspondingly, 

EHSTWH remained the distinct forest types in uninvaded sites and branches off with low 

similarity index (0.75) from other forest types. In uninvaded sites, EHMCF and AAPSEF 

were relatively similar, clustering together at around 0.85 similarity index while NF and RF 

Soil variables Invaded (n=30) Uninvaded (n=30) p- value 

pH 4.16±0.76 4.17±0.71 0.9 

EC (dS/m) 0.46±0.12 0.49±0.23 0.2 

OC (%) 0.83±0.46 0.92±0.82 0.2 

P (kg/h) 32.18±24.4 26.44±20.4 0.5 

K (kg/h) 136±67.8 113.14±63.9 0.9 

S (ppm) 25.44±29.6 18.43±14.7 0.7 

Zn (ppm) 1.12±0.7 1.11±0.88 0.06 

B (ppm) 1.15±0.3 1.54±0.46 0.0001*** 

Fe (ppm) 20.13±4.6 16.85±4.4 0.003** 

Mn (ppm) 14.85±7.7 11.78±6.8 0.07 

Cu (ppm) 1.20±0.6 0.87±0.25 0.003** 

N (kg/h) 416.64±209.9 309.56±163.6 0.004** 

WHC (%) 56.7±16.6 57.2±18.8 0.05* 

Clay (%) 2.03±1.1 1.57±1.19 0.00003*** 

Silt (%) 12.55±5.9 12.9±5.95 0.007** 

Sand (%) 85.44±6.6 85.54±6.7 0.01* 
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cluster ed together at a high similarity index level (0.90) indicating their share of very 

similar soil variables. 

 

 

 (A) Invaded site 

 

(B) Uninvaded site 

 

Figure 6.2: Cluster analysis among the invaded and uninvaded sites of Pakke Tiger Reserve 

6.2.5 Correlation  

Pearson’s analysis of the soil variables indicated a significant correlation among some of 

the variables in invaded and uninvaded sites of the study area (Table 6.5 & 6.6). The soil 

pH was negatively correlated with OC, P, K and Fe (r = -0.43, -0.37, -0.39 and -0.51), but 

positively correlated with clay (r = 0.40) in invaded site. In the uninvaded site, soil pH was 

negatively correlated with silt (r = -0.42) while sand (r = 0.44) was positively correlated. 

The correlation matrix showed the positive association between the invaded site (WHC; r 

= 0.38) and uninvaded site (OC, Zn and N; r = 0.60, 0.52 and 0.54) respectively. However, 

soil OC show both positive (WHC; r = 0.45) and negative (B; r = -0.38) correlation in 

invaded sites, while in uninvaded site, S (r = -0.40) showed negative correlation and K, Zn, 

B, Fe, Mn and N displayed positive correlation (r = 0.50, 0.70, 0.52, 0.57, 0.43 and 0.79) 

respectively. Besides, soil P have positive correlation with K, B and Fe (r = 0.46, 0.48 and 

0.42) in invaded site only. The available K have both positive and negative correlation in 

invaded (B, Fe, silt and sand; r = 0.44, 0.41, P<0.05; r =0.50 and -0.48, P<0.001) and 
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uninvaded site (Mn, N and WHC; r = 0.45, 0.40 and -0.45), respectively. In addition, 

available S have negative correlation with Zn, Fe and Cu (r = -0.40, -0.43 and -0.61) in 

uninvaded sites only. The micronutrient Zn have shown positive correlation in both invaded 

(Fe and silt; r = 0.45 and 0.37) and uninvaded sites (B, Fe, Mn, Cu and N; r = 0.37, 0.68, 

0.57, 0.63 and 0.43). Moreover, available B exhibit positive correlation with silt (r= 0.38) 

and negative correlation with sand (r = -0.45) in invaded site, while in uninvaded site, Mn, 

Cu and N have positive correlation (r = 0.39, 0.39, and 0.59) only. Similarly, the 

micronutrient Mn have positive correlation with N in both invaded (r= 0.53) and uninvaded 

site (r = 0.50). However, Cu have negative correlation with N (r = -0.39) in invaded site, 

similarly clay also have negative correlation with sand (r = -0.40) in uninvaded site. 

Furthermore, the texture of silt had shown negative correlation with sand in invaded (r = -

0.83) as well as uninvaded site (r = -99) respectively (Table 6.6 & 6.7).  

Again, the Pearson’s correlation between the invaded and uninvaded sites shows most of 

the variables were correlated with each other (Table 6.8). In between the invaded and 

uninvaded, the soil EC is strongly correlated with OC (r =0.75) but OC was found 

correlated with B (r= 0.65). Similarly, Zn also establish positive correlation with N (r= 

0.76). Moreover, Fe was found positively significant with Mn (r= 0.85) and N (r= 0.81). 

Furthermore, S was found negatively correlated with Zn and B (r= -0.65 and -0.73) while 

positively correlated with Cu (r =0.65). The micro nutrient, Cu was negatively related with 

silt (r= -0.71) and positively associate with sand (r= 0.67). Furthermore, the soil texture of 

clay was positively significant with silt (r= 0.69) and negatively with sand (r= -0.81) but 

silt was found highly negative correlate with sand (r= -0.98), respectively. 

6.2.6 Principal Component Analysis 

According to broken stick rule, principal components with eigenvalues greater than those 

predicted by the broken stick distribution were considered for the study. So, the principal 

components (PC1 and PC2) were retained for the study as both were significant for the 

present study. In addition, PC1 explained 95.88% of the total variance, which is 

unquestionably significant and PC2 account for 3.04% which provide much less influential 

information but potentially important for the study. Together, these two Principal 

components (PC1 and PC2) explained 98.92% of the variance in the data, making them 

highly representative of the dataset. 
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Table 6.6: Pearson’s correlation matrix among the soil properties in invaded (IN) sites across the five forest types in the Pakke Tiger Reserve. 
*EC-Electrical conductivity, OC- Organic carbon, P-Phosphorus, K-Potassium, S-Sulphur, Zn- Zinc, N-Nitrogen, B-Boron, Fe-Iron, Mn-Manganese, Cu-Copper, WHC- 

Water holding capacity; *Correlation is significant at p<0.05 (two- tailed). 

 

  

  pH EC OC  P  K  S  Zn  B  Fe Mn  Cu N  WHC  Clay Silt Sand 

pH 1                

EC -0.03 1               

OC  -0.43* 0.20 1              

P  -0.37* 0.16 -0.04 1             

K  -0.39* -0.21 -0.06 0.46* 1            

S  0.04 0.01 -0.18 -0.19 -0.12 1 
 

         

Zn  -0.27 -0.05 0.16 0.20 0.61 -0.08 1          

B  -0.11 -0.30 -0.38* 0.48* 0.44* -0.22 0.26 1         

Fe -0.51* -0.19 0.16 0.42* 0.41* -0.22 0.45* 0.01 1        

Mn  -0.02 0.36 -0.29 0.14 -0.11 0.27 -0.20 -0.09 0.07 1       

Cu -0.07 0.29 0.20 0.20 -0.28 0.01 -0.35 -0.14 -0.23 -0.09 1 
 

    

N  -0.23 0.22 -0.07 0.24 0.34 0.20 0.32 -0.09 0.27 0.53* -0.39* 1     

WHC  -0.36 0.38* 0.45* 0.00 0.09 -0.13 0.10 -0.25 -0.08 -0.05 0.28 0.23 1    

Clay 0.40* -0.03 -0.26 0.19 0.07 0.13 -0.02 0.24 -0.23 0.06 -0.13 0.18 -0.23 1   

Silt -0.27 -0.06 -0.22 0.03 0.50* -0.06 0.37* 0.38* 0.04 -0.15 -0.33 0.02 0.16 -0.22 1  

Sand 0.19 -0.01 0.17 -0.07 -0.48* 0.11 -0.29 -0.45* 0.09 0.04 0.30 -0.05 -0.05 0.00 -0.83* 1 
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Table 6.7: Pearson’s correlation matrix among the soil properties in uninvaded (UN) sites across the five forest types in the Pakke Tiger Reserve. 
*EC-Electrical conductivity, OC- Organic carbon, P-Phosphorus, K-Potassium, S-Sulphur, Zn- Zinc, N-Nitrogen, B-Boron, Fe-Iron, Mn-Manganese, Cu-Copper, WHC- 

Water holding capacity; *Correlation is significant at p<0.05 (two- tailed). 

 

  pH EC OC  P  K  S  Zn  B  Fe Mn  Cu N  WHC  Clay Silt Sand 

pH  1                

EC 0.21   1               

OC  0.24 0.60* 1              

P  0.18 0.07 0.25 1             

K  0.27 0.10 0.50* 0.05 1            

S  -0.04 -0.12 -0.40* -0.19 -0.15 1           

Zn  -0.07 0.52* 0.70* 0.11 0.34 -0.40* 1          

B  0.09 0.19 0.52* 0.26 0.27 -0.32 0.37* 1         

Fe 0.09 0.19 0.57* 0.05 0.19 -0.43* 0.68* 0.20 1        

Mn  -0.23 0.19 0.43* -0.31 0.45* -0.11 0.57* 0.39* 0.41 1       

Cu -0.09 -0.02 0.31 0.19 0.17 -0.61* 0.63* 0.39* 0.53 0.31 1      

N  0.04 0.54* 0.79* -0.05 0.40* -0.31 0.43* 0.59* 0.30 0.50* 0.03 1     

WHC  -0.25 0.22 0.02 0.02 -0.45*  0.22 -0.08 -0.07 -0.12 -0.04 -0.27 0.15 1    

Clay -0.25 -0.01 -0.10 -0.34 0.18 0.06 0.12 0.01 0.05 0.33 0.17 -0.03 -0.23 1   

Silt -0.42* -0.03 -0.04 -0.19 0.10 -0.02 -0.08 -0.35 0.06 0.11 -0.13 0.05 0.05 0.27 1  

Sand 0.44* 0.03 0.05 0.18 -0.11 0.01 0.06 0.33 -0.07 -0.14 0.10 -0.03 -0.05 -0.40* -0.99* 1 
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Table 6.8: Pearson’s correlation matrix between invaded (IN) and uninvaded (UN) sites in the Pakke Tiger Reserve. *EC-Electrical conductivity, 

OC- Organic carbon, P-Phosphorus, K-Potassium, S-Sulphur, Zn- Zinc, N-Nitrogen, B-Boron, Fe-Iron, Mn-Manganese, Cu-Copper, WHC- Water holding capacity; 

*Correlation is significant at p<0.05 (two- tailed). 

 

  pH EC OC  P  K  S  Zn  B  Fe Mn  Cu N  WHC  Clay Silt Sand 

pH 1                               

EC 0.00 1                             

OC  0.25 0.75* 1                           

P  -0.40 -0.17 -0.14 1                         

K  0.08 0.00 -0.07 -0.15 1                       

S  -0.19 -0.21 -0.31 0.01 0.16 1                     

Zn  -0.12 0.15 0.34 0.35 0.37 -0.65* 1                   

B  0.04 0.42 0.64* -0.19 -0.41 -0.73* 0.42 1                 

Fe -0.24 0.16 0.19 0.10 0.44 0.18 0.34 -0.22 1               

Mn  -0.02 0.08 0.25 0.01 0.16 0.33 0.05 -0.17 0.85* 1             

Cu 0.24 0.07 0.21 -0.07 -0.10 0.65* -0.54 -0.42 0.31 0.49 1           

N  -0.20 0.25 0.29 0.26 0.51 -0.22 0.76* 0.05 0.81* 0.57 -0.12 1         

WHC  -0.31 0.02 -0.46 -0.12 -0.07 0.39 -0.49 -0.35 0.07 0.21 -0.08 -0.14 1       

Clay -0.47 -0.61 -0.60 0.36 0.49 0.12 0.37 -0.42 0.38 0.13 -0.35 0.37 0.10 1     

Silt -0.29 -0.49 -0.56 0.55 0.17 -0.25 0.44 -0.14 -0.08 -0.18 -0.71* 0.24 0.20 0.69* 1   

Sand 0.35 0.54 0.60 -0.54 -0.26 0.18 -0.46 0.21 -0.03 0.12 0.67* -0.29 -0.18 -0.81* -0.98* 1 
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The PCA suggest that the forest types were clearly separated along the PC1 and PC2 axis, 

with INWH and UNNF clustering together, INAAP and UNMCF at the opposite ends and 

the other forest types falling in between. Moreover, INNF stand out dramatically due to 

exceptionally high concentration of P and N in invaded while the WHC and sand show 

variation that may subtly influence UNAAP and INWH. Most of the variables (EC, OC, 

pH, S, Fe, P, Mn, S, B, Cu, Zn, clay and silt) were similarly correlated and have comparable 

contribution to the principal components but N and K were distinctly away from the main 

cluster indicating strong and unique influence on the PC1 and PC2 respectively. The 

principal component (PC1) had positive loadings on N and sand but negative loadings on 

pH, EC, OC, B, Zn, Mn, Cu and clay while PC2 had positive loading on K only, but negative 

loadings on N, WHC and sand, respectively (Table 6.9). 

6.3 Discussion 

IAPs with the ability to alter the ecosystem traits, outcompete the native vegetation (Walker 

and Vitousek, 1991; Brown and Gurevitch, 2004.) leading to changes in the structure of 

community (García-Robledo and Murcia, 2005) and below ground soil pools and their 

processes by interfering with the quality of litter (Allison and Vitousek, 2004), 

mineralization and soil moisture (Blank and Young, 2002). The overall study showed that 

IAPs had a significant impact on the physicochemical properties of soil across the different 

forest types in Pakke Tiger Reserve. Similar findings have been reported form the previous 

study, which supports the present results on impact of IAPs on natural ecosystem properties 

(Ehrenfiled, 2003; Levine et al., 2003; Liao et al., 2008; Debnath et al., 2018; Ahmad et al., 

2019).  

6.3.1 Variation in the Soil Physical Properties  

In the present study, the water holding capacity (WHC) have lower concentration in all four 

invaded sites except for EHMCF (P>0.05), as compared to uninvaded sites across the five 

forest types, clearly indicating that the C. odorata does not preferring high WHC in the soil 

properties. In contrast, clay and silt percentage in the texture class was higher in all invaded 

sites in comparison to uninvaded sites across the forest, except for the silt in EHMCF 

(P>0.05). However, texture class in sand percentage was lower in all invaded sites except 

for EHMCF (P>0.05) in the sampling sites. Moreover, the lower concentration of WHC in 

the invaded site (Naude, 2012; Tererai et al., 2015), may be of particular species-driven 

(Stanek et al., 2020) but decreased in water availability might be reverse once the IAPs 
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removed from the sites (Eviner and Hawkes, 2012). However, these alterations of WHC in 

soil properties might remain for months to decades even after the active removal 

management in those particular areas (Van der Putten et al., 2007). 

 

 

Figure 6.3: Principal Component Analysis (PCA) based on the physicochemical properties 

across the sampling sites of five forests in Pakke Tiger Reserve. * IN-Invasive, UN-Un-

invasive; AAP- Assam Alluvial Plain Semi Evergreen Forest, MCF- East Himalayan Mixed 

Coniferous Forest, WH- the East Himalayan Subtropical Wet Hill, NF- Non-Forest and RF- 

Riverine Forest. 

 

Soil particle fractions (clay, silt and sand) is an important factor which need to be 

understand to study the succession of invasion. The content of clay is known to influence 

the available nutrients in the soil properties (Tererai et al., 2015) because of the availability 

of higher nutrients content in the former soil, in which IAPs became dominant (Chacon et 

al., 2008). The outcome is corresponded with the previous finding had been reported by 

Hazlett et al. (2005) also in which all the invaded sites have high content of clay. Similarly, 

the study reported by Sharma and Gupta (1989) and Adella et al. (2020) have the same 

evidence of high silt in invaded sites.  
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Table 6.9. Physicochemical proportion of variation expressed in terms of vector loadings 

(varimax rotation) across the sampling sites. 

a Soil property related to the principal components (PCs) 

However, the content of sand in invaded sites were low as compared to uninvaded sites in 

the present study which is alternative to some of the findings in which IAPs have high sand 

content (Debnath et al., 2018; Comole et al., 2021). But Gebrekiros and Tessema (2018) 

revelation of higher sand percentage in soil texture concur with the present result. Also, 

Stefanowicz et al. (2017) reported that IAPs also grow in low sand content, even under 

harsh condition in high sand content (Widmann et al., 1990; Hannan-Jones and Playford, 

2002).  Furthermore, the variation of soil texture (clay, silt and sand) in the study area might 

be due to the increasing biological activities which may have enhanced the weathering 

process and provide optimal moisture underneath leading to alteration in physicochemical 

properties of soil (Roba et al., 2017). The overall findings of physical soil properties of the 

present study were in consistent with the outcomes of prior research investigations (Belnap 

and Phillips, 2001; Sharma and Raghubanshi, 2009; Zhang et al., 2009; Mandal and Joshi, 

  PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10 

pH -0.48a -0.04 -0.43a 0.27 -0.32 0.30 0.22 0.27 -0.51a 2.15a 

EC  -0.52a 0.00 -0.58a 0.25 -0.27 0.18 0.60a 0.74a -0.38a 0.41a 

OC  -0.52a -0.01 -0.58a 0.29 -0.20 0.33a 0.30 0.84a -1.20a -1.62a 

P  -0.18 -0.31 0.16 -3.55a 0.30 0.37a -0.78a 0.66a 0.05 -0.05 

K  1.07 3.54a 0.64a -0.05 -0.05 0.03 -0.05 0.03 0.00 0.00 

S  -0.26 -0.21 0.59a 0.11 3.31a -0.45a 1.32a -0.80a -0.11 0.00 

Zn -0.52a 0.00 -0.59a 0.19 -0.37a 0.22 0.52a 0.29 -0.26 -0.43a 

B  -0.51a -0.01 -0.56a 0.26 -0.38a 0.22 0.55a 0.25 -0.57a -1.53a 

Fe -0.31 -0.15 -0.12 0.62a 0.22 0.12 -0.84a 0.67a 3.10a -0.05 

Mn -0.38a -0.12 -0.27 0.95a 0.83a -0.09 -3.22a -0.59a -1.02 -0.11 

Cu -0.52a -0.01 -0.54a 0.30 -0.12 0.28 0.40 0.68a -0.13 2.00a 

N 3.35a -1.04a -1.30a 0.10 0.09 -0.04 0.12 -0.02 -0.04 0.01 

WHC 0.16 -0.60a 1.66a 0.17 -0.80a -3.05a 0.00 0.93a -0.21 -0.02 

Clay -0.51a 0.00 -0.57a 0.13 -0.38a -0.01 0.50a -0.57a 1.41a -0.98a 

Silt -0.38a -0.09 -0.24 -0.57a -1.24a -0.58a 0.25 -3.15a 0.03 0.30 

Sand 0.51a -0.93a 2.74a 0.55a -0.62a 2.15a 0.12 -0.25 -0.15 -0.09 
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2014b; Debnath et al. 2018; Gebrekiros and Tessema, 2018; Chacon et al., 2020; Stanek et 

al., 2020). 

6.3.2 Variation in Soil Chemical Properties 

The soil pH in the present study revealed that the soils were characterized by the acidic 

nature of pH with an average of 4, due to excessive rainfall and leaching of bases. Moreover, 

pH was non-significant in the invaded sites (P>0.05) while in natural forest areas, it was 

found to significant (P<0.05). These might be due to relatively low decomposition rates of 

low fungal and bacterial activity in the soil (Tererai et al., 2015) and C. odorata favor more 

acidic because of acidic extrudes generated by this species (Ikhajiagbe, 2016). Similar 

results in accordance to the present study were also presented by Dobrylovska (2001), 

Gentili et al. (2019) because IAPs tend to acidify the soil (Agusto et al., 2002; Guckland et 

al., 2009). However, increase and decrease of soil pH have been reported in the plant 

invasion due to IAPs ability to uptake nitrate ions (Ehrenfeld et al., 2001; Ehrenfeld, 2003). 

But, impact on pH by IAPs may depend on soil types and physiology of the particular 

species (Stanek et al., 2020). In addition, Diekmann et al. (2016) also reported that IAPs 

have affected pH in riparian habitats which is in accordance with the result of the present 

study (NF; P<0.05). The soil electrical conductivity (EC) had significant difference 

between invaded and uninvaded in all sampling sites except for NF did not show significant. 

In addition, EC was lower in the invaded sites of AAPSEF and EHSTWH which is in 

concordance with the report of Osunkoya and Perrett (2011). In contrast, it also shows higher 

in EHMCF and RF in the invaded sites. Similar results of these higher EC were also 

reported by Shiferaw et al. (2021) and Akshayakumari et al. (2024).  

In C. odorata invaded area, soil organic carbon (OC) provides a measurement of soil 

organic matter (Manjaiah et al., 2000), which is an important indicator of soil quality 

(Kibblewhite et al., 2008). In the present study, OC have high OC in four invaded sites 

except for EHSTWH which show non-significant. This revelation of higher values of OC 

in invaded sites were in agreements with the observation made by Koutika et al. (2005), 

Tondoh et al. (2013) and Kone et al. (2021) in the C. odorata dominated area. The chemical 

properties in soil were primarily influenced by OC combined with high level of magnesium 

(Tondoh et al., 2013). Moreover, C. odorata invaded area had high OC content, meaning 

the severity of invasion is significantly high in the surface as well as subsurface soil layers 

(Wei et al., 2017) and preclude native plant.  
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The amounts of nutrients in the soil can change due to the presence of IAPs (Dassonville et 

al., 2008). It is also evident that nutrient enrichment encourages plant invasion (Lake and 

Leishman, 2004) and values of the soil nutrients in IAPs invaded sites were found to high 

as compared to natural sites (Oludare and Muoghalu, 2014). Both macro and micro 

nutrients were critical parts of soil components which give the quality of soil indicators. 

Commeasuring, soil macronutrients (N, P, K and S) is crucial for preserving biodiversity 

since they make up a significant amount of soil quality indicators (Li et al., 2013). In the 

present study, soil macronutrients i.e., N and K was significantly difference in all invaded 

and uninvaded sites and the concentration was high in all four invaded forest sites except 

for EHSTWH. Moreover, N and K presence can have impact on the growth of IAPs 

(Nozzolillo, 1970) and the results of high contents of both macronutrients beneath the C. 

odorata infested soil were supported by earlier findings (Tondoh et al., 2013; Wei et al., 

2017; Kone et al., 2021; Lini et al., 2022). The increase of nutrients in the C. odorata 

invaded sites might be due to accumulation of litter fall (Ehrenfeld, 2010; Lini et al., 2022). 

The greater resource disposal increases the vulnerability of more invasions in the natural 

forest (Burke and Grim, 1996; Wei et al., 2017). However, P and S also showed significant 

difference in four invaded sites except for EHMCF in P and NF in S. Additionally, P and S 

have high and low contents in invaded sites. Similar studies of C. odorata invaded sites 

containing high P content have been reported (Kone et al., 2021). High concentration of P 

in C. odorata invaded area is because of faster decomposition of leaf litter (Kone et al., 

2021) and the input of plant residues is substantial and significant portion of soluble P 

comes from plant residues (Ha et al., 2007).  Moreover, the content of S was found high 

because of decrease bacterial movement and accessibility of free nutrients for plant root 

uptake (Liptzin and Silver, 2009). The present results were in line with those of Osunkoya 

and Perret (2011) who reported high concentration of Sulphur in Lantana invaded site in 

Australia. 

Furthermore, the soil micro nutrients, viz., Fe (Iron), Cu (Copper), Mn (Manganese), B 

(Boron) and Zn (Zinc) also play small part, though not major but enough to understand the 

chemical properties of soil dynamics. In the present study, the first four micronutrients i.e., 

Fe, Cu, and Mn have shown significant difference in all invaded and uninvaded sites in all 

sampling plots and found considerably high in most of the invaded site as compare to 

uninvaded sites. However, Zn was not significant in all invaded and uninvaded site of the 

study but found high in almost all invaded sites also. The result derived from this study is 



 

- 174 - 
 

consistent with the result reported by Cuda et al. (2017) following Impatiens glandulifera 

invasion in Europe. However, the result contradicts with the findings of Osunkoya and 

Perrett (2011), Debnath et al. (2018) and Ahmad et al. (2019) who reported decrease of 

micronutrients in the soil following Lantana camara invasion in Australia, Chromolaena 

odorata and Leucanthemum vulgare invasion in India.  

In contrast, the remaining micronutrient B had lower content in almost all invaded site and 

found significant in between invaded and uninvaded sites. This result contradicts the report 

of Tekiela and Barney (2015) and Cuda et al. (2017) who reported increase of B in the 

invaded site. However, the present study is in line with the report of Tererai et al. (2015) 

which show that B content were high in uninvaded site following the seasonal invasion 

study of Eucalyptus camaldulensis in South Africa. The variation of increase and decrease 

of soil micronutrients in the invaded soil properties in the present study might be an eye-

opener for future researches. However, there had been limited study on soil micronutrients 

regarding plant invasion and the possible reason behind the increase could be the 

continuous supply of cation concentration in the soil (Nikolic and Pavlovic, 2018) by 

accumulation of litter quality and interaction of soil microbes (Castro-Diez et al., 2012). 

Decrease concentration in soil properties might be of constant rapid uptake of nutrients, 

leading to their depletion in invaded areas (Osunkoya and Perrett, 2011). Moreover, studies 

were more confined to nutrients (N, P, K, Mg, Ca and S) in plant invasion but limited target 

in micro nutrients. So, in order to fully understand the mechanism of IAPs beneath the soil, 

more broad study of micronutrients is also necessary. Therefore, the present study was done 

to understand the dynamics of soil chemical properties including both macro and 

micronutrients for the first time from eastern Himalayan region.   

6.3.3 Analysis of Variance Among and Between the Sites 

The analysis of variance across all the sampling sites shows that eight of the soil parameters 

exhibit significant difference between the invaded and uninvaded (Table 6.5). Across all 

forest sites, boron, water holding capacity, silt and sand were found high in uninvaded sites 

in comparison to invaded sites and significantly different. The results of the present study 

concurred with the findings of Fink and Wilson (2011), Perret et al. (2012), Cuda et al. 

(2017), Osunkoya et al. (2017), Stefanowicz et al. (2018) and Stanek et al. (2020). The soil 

texture i.e., silt and sand having high content in uninvaded sites might be attributed by 

increasing biological activity resulting weathering process and provision of moisture 
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(Abdella et al., 2020), under forest canopy. The level of boron concentration found in the 

study is considered safe as it does not cross the toxicity level (Nable et al., 1997). Moreover, 

less boron in invaded sites lead to increase biomass production, good production of seed 

and healthy vigor of plant (Gupta et al., 2014; Mapaura et al., 2024). However, lower water 

holding capacity in invaded sites may be driven by particular species (Stanek et al., 2020). 

In addition, iron, nitrogen, copper and clay in all forest sites were higher in invaded sites 

which were lines with the study of Fink and Wilson (2011), Osunkoya and Perret (2011), 

Perret et al. (2012), Cuda et al. (2017), Ahmad et al. (2019) and Mapaura et al. (2024). 

Moreover, high level of Fe and Cu in plant causes oxidative stress and halted microbial 

function, thereby reducing the growth rate (Liptzin and Silver, 2009) though invasive 

species with its capability, utilized in plant photosynthetic capacity through its interaction 

with carbohydrates and proteins (Perret et al., 2012). In addition, they uptake the nutrients 

readily than the native species making them more proliferation in invaded region by cycling 

these elements in useful way (Penuelas et al., 2010). Additionally, mean concentration of 

copper was lower than those known to be toxic in the present study (Marschner, 2011). 

Similarly, nitrogen is high in the invaded sites due to accumulation of litter decomposition 

of above ground biomass in comparison to co-occurring plants (Ruwanza and Shackleton, 

2016). Furthermore, C. odorata is considered dangerous to livestock and not recommended 

for feeding (Shackleton et al., 2017; Aigbedion-Atalor et al., 2019) leading to litter 

accumulation which later accelerate invasion in the area. The physical properties of clay 

were also high in invaded sites which might be due to presence of more cation that binds 

soil water than silt and sand resulting in rich nutrients (Simba et al., 2013). The reason 

behind the variation in soil texture between invaded and uninvaded sites might be attributed 

by increasing biological activity resulting weathering process and provision of moisture 

(Abdella et al., 2020). The variation observed in the present study suggests that invasive 

alien plant species play a role in alteration of physicochemical properties of soil (Comole 

et al., 2021).    

6.3.4 Correlation of Soil Parameters 

In the present study, correlation analysis between the invaded and uninvaded sites across 

the forest types had shown significant correlation with each other in some of the soil 

variables. The findings presented in this present study is unique as compared to previous 

studies in which IAPs strongly correlating with these soil properties like pH, K, P and N 
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between the invaded and uninvaded sites (Simba et al, 2013; Osunkoya and Perrett, 2011; 

Soti and Jayachandran, 2016; Ahmad et al., 2019). More specifically, the study reveal that 

the soil EC was strongly positive correlated with OC, which is contradictory to some of the 

studies who reported negative correlation with OC (Terra et al., 2004; Werban et al., 2009; 

Ahmad et al., 2019; Iranmanesh and Sadeghi, 2019). However, the results were in line with 

the findings of Behera and Shukla (2015), Johnson and Smith (2017) and Gudla et al. (2023) 

and possible reason might be increasing uptake of minerals and higher biomass production, 

lower soil organic carbon mineralization and higher sediment deposition (Terra et al., 

2004). Moreover, increase or decrease of nutrient had comparable or distinct effect on other. 

In addition, Terra et al. (2004) also reported that EC and OC have both negative and positive 

correlation with each other depending on the site. Similarly, soil organic carbon (OC) 

showed strong positive correlation with boron and is concordance with the results of 

numerous other studies (Dey et al., 2014; Kumari et al., 2017; Lamare et al., 2023). The 

reason behind the close relation between OC and B can be attributed to the fact that OC 

acts as a source of B limiting the transition of B from residual pool to other pools, leading 

to higher concentration of residual B in soils with higher organic matter content (Lamare et 

al., 2023). The strong association between these components and OC indicate that soil 

organic matter plays a crucial role in determines the availability of B in soils (Mathur and 

Sudan, 2011).  

Also, the present study discloses the significantly positive correlation of micronutrient Zn 

with macronutrients N. This finding is consistent with numerous other studies (Wijebandara 

et al., 2011; Zhang et al., 2014; Baghel and Bachkaiya, 2023). The tenable evidence for this 

may be OC instantaneously engaged in the accessibility of almost all components of Zn in 

soil system which immediately raised the quantity of Zn (Zhang et al., 2014) and interfere 

with the transition into a nonavailable form there by raising the supply of Zn to an optimal 

level (Mandal and Mandal, 1986; Verma et al., 2012). The study also showed the positive 

correlation of Fe with Mn and N which is in agreement with the finding of Kader et al. 

(2013) and Hamer (2020). The possible reason might be the microbial activities toward iron 

regarding nitrogen fixation and nutrient uptake involving the synergistic response to 

balanced nutrition (Kerkeb and Connolly, 2006; Sheoran et al., 2018). In addition, Cu was 

negatively correlated with silt but sand was found positively with Cu and the result is 

concurring with the report of Wei and Jing (1990) and Karami et al. (2009). The plausible 

explanation for this might be the responsibility of adsorption by the copper with regards to 
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clay, pH and organic matter (Al‑Qunaibit et al., 2004). Furthermore, the available Sulphur 

was found correlated negatively with zinc and boron while positively with Cu. However, 

the present result contradicts the finding of Shukla et al. (2021) which show positive 

correlation of Zn, B and Cu. This unique finding may be due to the complex interactions 

involving nutrient availability and microbial activity leading more uptakes of essential 

nutrients in the invaded areas. In the context of soil texture, the present study revealed that 

clay was negatively strong correlated with sand but positively associated with silt. 

Moreover, silt was significantly negatively correlated with sand. These results concur with 

the finding reported by Banin and Amiel (1970), Mousavifard et al. (2013), Zhao et al. 

(2015) and Raheem and Omar (2021). The probable reason for this could be the silt content 

which does not change widely and if discovered connected with clay content, it will 

inversely correlate with sand content and vice versa. Overall, increasing clay content results 

in increased surface area and consequently, the cation exchange capacity and moisture 

retention at various phade increases concurrently (Banin and Amiel, 1970). The negative 

correlation is due to the compositional nature of soil texture between clay and sand while 

the positive correlation often occurs because silt and clay were fine soil particles to 

accumulate together in depositional environment (Brady, 1984; Hillel, 2003). Moreover, 

the degree of the correlation is related to the difference in the underlying soil properties 

between the invaded and uninvaded.  

Principal component analysis (PCA) is a multivariate statistical method that turns a 

collection of correlated variables into a set of aligned, uncorrelated axes known as principal 

components (PCs) via orthogonal transformation (James and McCulloch, 1990; Robertson 

et a., 2001; Gotelli and Ellison, 2004) and deals with multivariate datasets (Janzekovic and 

Novak, 2012). However, retaining the important PCs is a confusing task (Peres-Neto et al., 

2005) but PCs in the present study were selected following through broken stick rule 

method (MacArthur, 1957). Moreover, Harper (1999) state that the PCA identifies 

hypothetical variables that explains for as much of the difference in a multivariate data as 

feasible. PCA result of the present study showed that INNF physicochemical properties of 

the soil were different from the rest of soil sample sites as denoted by PC1. This might be 

due to INNF being non forest areas with grass and shrub domination in the low elevation 

with high anthropogenic activities in the areas. The soil properties that governed the 

differentiation were N, pH, EC, OC, B, Zn, Mn, Cu and clay. Moreover, K, N, WHC and 

sand were the main soil variables influencer that defined the separation of invaded and 
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uninvaded sites. The variables that were influential to component scores and loadings i.e., 

PC1 and PC2 were often used to describe the finding of PCA according to Feoli and Orloci, 

(1992). Furthermore, the present finding of the continuity of variations in the general 

features of the soil at each site supported that the invasion of C. odorata changes in the soil, 

which led to the division of invaded and uninvaded sites.  

6.3.5 Implications of Controlling Invaders 

An additional managerial restriction on IAPs is that C. odorata proliferate very fast with 

wind dispersal seeds (Kone et al., 2021), inhibiting co-occurring native by secreting 

allelochemical compound (Mandal and Joshi, 2014a), increasing microbial activities and 

nutrient availability (Liao et al., 2008; Wei et al., 2017), improving soil fertility and 

nutrients conditions (Koutika et al., 2004; Aigbedion‐Atalor, 2020) and ability to thrive in 

heavy contaminated sites (Ayesa et al., 2018). With these said ability, C. odorata can easily 

changes the dynamics of soil properties in any invaded sites (Xu et al., 2020). Moreover, 

this species is considered plague around the world (Kone et al., 2021) because of its ability 

to damaged biodiversity (Maroun, 2017) and giving serious impact on socio-economic 

sector (Cuthberth et al., 2021). While there have been several attempts to combat and 

restored the invaded areas either by physically, chemical and biologically (Muniappan et 

al., 2005; Mugwedi, 2020; Aigbedion‐Atalor, 2020) and efforts to address this issue rarely 

achieved success though the consequences of IAPs usually remain in the spoil even after 

their removal (Aigbedion‐Atalor et al., 2019; Rai and Singh, 2024). Furthermore, Corbin 

and D’Antonio (2004) state that long lasting effects of IAPs on soil processes and their 

influences on restoration alternatives were yet unknown. The nutrient dynamics of post 

clearing may hinder the establishment of native vegetation also (Lindsay and French, 2005) 

and need to be monitored closely. Removal of C. odorata from the previous invaded areas 

does not imply avoidance of penetration because of seed bank presence (Shen et al., 2006) 

and inversional meltdown phenomenon (Simberloff and Von Holle, 1996; Chen et al., 

2022). To achieve complete eradication of C. odorata from the invaded areas, plant- soil 

feedbacks are the utmost importance in controlling and management of IAPs invasion (Sun 

et al., 2017; Raheem et al., 2024). Consequently, in order to properly managed and re-

establish invaded regions, simply elimination of IAPs from the ground surface is not 

adequate. To decrease the influence of invaders on essential soil qualities and dynamics, it 

is vital to obtain knowledge into the feedback loops that exist between the IAPs and soil 

below ground. 
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6.4 Conclusion 

For the first time the present study had revealed a hidden gem from the eastern Himalayan 

region related to IAPs effects on physicochemical properties of soil. The study had provided 

enough evidences of C. odorata impact on the physicochemical properties of soil between 

the invaded and uninvaded sites across the different forest types in Pakke Tiger Reserve, 

Arunachal Pradesh. The soil underneath C. odorata had high concentration of soil organic 

carbon and available nitrogen defines the increasing invasion in the region. The results 

clearly show that the invasion of C. odorata causes alteration of soil nutrients concentration 

by utilizing its maximum uptake. Moreover, increase in some of the soil parameters and 

significant differences were observed from the study. This might have paved the way of 

successful invasion of C. odorata across the different forest types and inhibit the native 

population. It also shed light on the decrease of water holding capacity and available boron 

in C. odorata invaded areas. The present study had made a noteworthy sustenance in 

understanding the impact of C odorata on the underground soil system dynamics from the 

eastern Himalayan state of Arunachal Pradesh. However, these findings cannot be deemed 

flawless without further comprehensive experimentation on physicochemical properties of 

soil. Therefore, more future researches regarding IAPs involvement in physicochemical 

properties of soil and plant diversity relationship are to be encouraged in coming years. So, 

that the invasion ecology i.e., below ground as well as above ground should be thoroughly 

understood in order to create more scientific approaches to control the IAPs in these fragile 

ecosystems of eastern Himalaya. 

*************** 
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Chapter 7 

 

7.0 Conclusion 

The present study was conducted to determine the distribution and invasion pattern, 

climatic influence of phenology and ecological impact of dominant Invasive Alien Plant 

species (IAPs) across different forest types of Pakke Tiger Reserve. The study revealed a 

total of diversity 151 species in which IAPs was 28% in the reserve. The species richness 

of IAPs displays an increasing trend with increasing elevation but decreasing trend with the 

level of invasion.  Chromolaena odorata was the most dominant IAPs which invades all 

the forest types in the study area followed by Ageratum conyzoides, Mikania micrantha and 

U. lobata. The entire selected invasive species exhibited contagious in all forest, except for 

U. lobata displayed random distribution in non-forest. AAPSEF, NF and RF were more 

invaded in comparison to EHMCF and EHSTWH. Bidens Pilosa had the longest flowering 

phenophases in EHSTWH. Similarly, C. odorata had the maximum duration in EHSTWH. 

For leaf initiation and fall phenophases, Urena lobata displayed the longest duration in RF. 

Coefficient of variation showed that most of species display asynchronous phenophases 

across the forest types. Precipitation, minimum and maximum temperature directly 

influenced the phenophases. Relative humidity was influencing the phenophases when in 

cohesion with other climatic parameters. The soil pH was found acidic in all forest types 

but had a role in invasion process. Clay and copper had role in invasion as their contents 

were high in all invaded sites of the study area. EHSTWH had the fluctuating soil 

parameters in comparison to other forest types in Pakke Tiger Reserve. The content of 

uninvaded sites in EHSTWH were almost higher than invaded sites. Soil physical property 

i.e., water holding capacity, clay, silt and sand were impacted by the Chromolaena odorata 

invasion. Micronutrients in the invaded sites were also altered by the Chromolaena odorata 

invasion. Considering their increasing proliferation in the eastern Himalayan region, 

following recommendations and future scope need to be taken into consideration for 

managing the invaded region. Suggestive management strategies to control their 

proliferation of the present study sites are given in Figure 7.1.  
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7.1 Recommendations 

• Local and staff awareness programmed of IAPs and their effects on surrounding 

environment and inside the Pakke Tiger Reserve. 

• During the visit of tourists and students, certain IAPs awareness and its harmful effects 

should be given to them.  

• Restriction of personnel automobiles or proper cleansing of automobiles if used. As 

they were used for transportation, road clearance and hazard removal which might serve 

as carrier of IAPs to random places inside the reserve. 

• Identification of heavy disturbance sites/habitats of IAPs and their removals before 

flowering and fruiting to restrict dispersal of seeds. 

• Identification of native species co-occurring with IAPs and restoring the sites with 

native flora after eradication or removal. 

 

7.2 Future scope of the study 

• For chapter 4: Future research must establish Long-Term Ecological Research (LTER) 

plots to monito IAPs population dynamics and spread rates over a multi-year timeframe 

(5-10 years). Controlled experiments are required to quantify the specific allelopathic 

effects of dominant IAPs on native flora germination and test impact on ecosystem 

functions (e.g., nutrient cycling). Integrating data with species distribution modelling 

(SDM) is essential to predict habitat suitability and colonization corridors under 

projected climate change and land use scenarios. Applied ecology efforts must pivot to 

rigorously testing the efficacy, cost effectiveness and non-target impacts of various 

control methodologies (manual, chemical). Ultimately, research should develop and 

validate native species restoration protocols specifically for areas post-IAPs removal to 

ensure long term ecosystem stability. 

• For chapter 5: Future research should focus on delving deeper into mechanistic drivers 

of the observed phenological variation by moving beyond correlation with micro-

climate and experimentally investigating plot-level factors such as soil properties and 

light intensity. given the limitation of a one-year study, a crucial next step is to initiate 

long-term, inter-annual monitoring (at least 3-5 years) to capture natural climatic 

variability and validate predictive models of invasive spread. The analysis should also 

be refined by treating elevation as a continuous variable to model the precise rate of 
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phenological shift per unit of altitude, which is highly relevant for climate change 

projections. Finally, research should quantify the ecological impact of these 

phenological shifts, specifically determining the competitive advantage they confer 

upon invasive species over native flora. 

• For chapter 6: Future studies should prioritize understanding the long-term ecological 

legacy of C. odorata by monitoring soil recovery post eradication to inform effective 

restoration strategies. A deeper investigation into the mechanisms of nutrient cycling, 

such as decomposition rates, is required to explain the observed buildup of organic 

matter and nutrients. Research should also explore the interplay between the invasive 

plant and soil microbial communities to uncover specific soil-plant feedbacks. Finally, 

extending this comparative work to other prominent invasive alien plant species (IAPS) 

in the eastern Himalayas could reveal if these alterations are unique to C. odorata or a 

general invasive syndrome.  

7.3 Management Programs of Invasive Alien Plant Species in India 

Although some of the Indian states i.e., Himachal Pradesh, Jammu & Kashmir, Tamil Nadu 

and Uttarakhand have priorities on the management of invasive alien plant species. However 

remaining states of India don’t have any proper management strategies to counter the 

imbalance causes by these species in their surrounding areas or forest region. India being 

parts of The Aichi Biodiversity Targets at the 10th meeting of the conference of the parties 

(COP 10) held in Nagoya, Japan in October, 2010 clearly state to reduce the burden on 

biodiversity in five strategic goals, which IAPs comes under Strategic Goal B (Aichi Target 

9). The goal was to reduce the direct pressures on biodiversity and improves sustainable uses 

among the participating countries by 2020. This particular target was renamed as National 

Biodiversity Target 4 and adopted to counter the proliferation of invasive alien species in 

India.  However, lack of inventories and information on IAPs was the main reason of    failure 

for the specified target. Therefore, the Ministry of Environment, Forest and Climate Changes 

(MoEFCC) launched the National Action Plan on Invasive Alien Species (NAPINVAS) in 

2019 with a plan to focus on the prevention, early detection, control and managements of 

IAPs. As many countries failed to achieved the targeted goals including India, a new 

framework i.e., Kunming-Montreal Global Biodiversity Framework was again adopted in 

December, 2022 under the international agreement with UN-CBD required the member states 

to reduce the impact causes by IAPs on biodiversity and ecosystem services by 2030. 
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Figure 7.1: Schematic management strategies of Invasive Alien Plant species in Pakke 

Tiger Reserve 

With only five years remaining on the targeted year, still there were limited studies and 

management strategies on IAPs in India. Moreover, the entire northeast region of India 

presents a more alarming situation as states clearly lacking information and management 

protocols including the study region. Northeast India, being a biodiversity hotspot 

characterized from tropical rainforest to alpine scrubs, with different kinds of flora and 

fauna supporting 50% of the country flora especially the endemic plant species also. IAPs 

having the capabilities of altering biodiversity, if left unchecked in these regions will lead 

to dangerous outcomes in future. Therefore, urgent needs for management’s strategies are 

required within the country to counter these invisible yet destructive species.   
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