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ABSTRACT 

Wetlands have a significant role in conservation of biodiversity and genetic resources 

but this important habitat has been degrading worldwide due to biological invasions 

and other anthropogenic activities. Successful management of wetland invasive plants 

requires a comprehensive information, including spatial distribution of invasive 

species, understanding the drivers of invasions, determining risk of invasion at 

currently unoccupied sites, and prioritizing control and management efforts. However, 

comprehensive study on the plant invasions in most of the wetland is still awaiting in 

Nepal. This study aimed to 1) identify invasive alien plant species (IAPS) invading 

wetlands of Kanchanpur district; 2) undertake spatial distribution mapping of IAPS in 

these wetlands; 3) prioritize major dispersal pathways of wetland IAPS for 

management; and 4) identify major drivers responsible for IAPS invasions in 

wetlands. This study was carried out in different 19 wetlands of Kanchanpur districts. 

Cover of IAPS were estimated visually; potential dispersal pathways of Eichhornia 

crassipes were identified by Focus Group Discussion with subsequent prioritization 

by scoring method; nitrogen and phosphorus content were measured in water samples; 

and major drivers of wetland invasions were identified by multivariate analyses. Of 

the six wetland IAPS found in Nepal, four were recorded in the wetlands of 

Kanchnapur district. Spatial distribution map of these four wetland IAPS was 

prepared by using geographical coordinates. The most frequently occurring and 

problematic IAPS were Ipomoea carnea ssp fistulosa with frequency 63% and 

Eichhornia crassipes with frequency 42%. Though the frequency of Eichhornia 

crassipes was less than that of Ipomoea carnea ssp fistulosa, E. crassipes was found 

to be dominant in terms of coverage. Intentional introduction of E. crassipes for 

feeding fishes was found to be major pathway of dispersal, followed by the intentional 

introduction for ornamental value, and by flooding. It has been found that 26% of the 

wetlands of Kanchanpur district were highly invaded (i.e., Cover of IAPS > 50%) by 

these IAPS, 42% were moderately invaded (Cover < 50%), and 31% were free of 

invasion. We found that variables such as the distance to road and settlements, 

nutrient content, elevation, and other disturbances such as grazing facilitate the plant 

invasions in wetlands. It has been found that lowland wetlands near road and 

settlements are at the highest risk of invasion from these species. Regular monitoring 

and proper management strategies can reduce and prevent their spread to the non-

invaded wetlands.  

Keywords: Wetland invasion, Dispersal pathways, Tarai, Wetland management 
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CHAPTER I: INTRODUCTION 

1.1 Background 

Alien species refers to a collection of plants and animals that have been moved or 

imported intentionally or unintentionally by humans from their natural habitat in new 

habitats (Sousa et al. 2011; Hornoy et al., 2011). Invasive species are considered 

second only to habitat loss as the greatest threat to biological diversity (CBD, 1992). 

Increasing trade and tourism associated with globalization and the expansion of the 

human population have facilitated the intentional and unintentional movements of 

species outside their natural boundaries (Levine and D‘Antonio 2003, Hulme 2009). 

Many alien species have been introduced into new regions and of them, a small 

proportion have become invasive (Jeschke and Strayer 2014). Inland wetlands are 

especially vulnerable to plant invasions as they acts as landscape sinks where plant 

propagules and pollutants, including nutrient from upstream can accumulate (Zelder 

and Kercher 2004). Invasive plants can negatively affect wetland ecosystems by 

outcompeting native vegetation, reducing species diversity, decreasing wildlife 

habitat, reducing water quality, and altering nutrient cycling (Zelder and Kercher 

2005).  

Impacts of invasive species on native biota, communities and ecosystems have been 

widely acknowledged since the late 1950s (Elton, 1958; Lodge, 1993; Simberloff, 

1996) and are now considered a growing threats of biodiversity (IPBES, 2018).  

Invasion by IAPS are a major drivers of global environmental change. IAPS have the 

potential to reduce biodiversity, affect entire ecosystems (Sala et al. 2000; Lodge, 

2001) and impose high economic damage (Pimetel et al. 2000). Aquatic and terrestrial 

invasive species can disrupt the function of ecosystems, replace native species, and 

destroy human-oriented constructions such as fisheries (Simberloff et al. 2005). 

Invasive wetland plants reduce both the plant and animal diversity (Werner & Zelder, 

2002). IAPS have persistent effects on habitat structure, biodiversity and food web 

functioning and also affect the productivity, nutrient cycling and microorganisms 

(Zelder & Kercher, 2004). IAPS that differ from native species in biomass and 

productivity can alter nutrient dynamics (Ravit et al. 2003).  
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Understanding how invasive species spread is of particular concern in the current era 

of globalization and rapid environmental change (Kelly et al. 2014). Human impact 

on global nutrient cycling can benefit invasive species (Dukes & Mooney, 1999; 

Galloway et al. 2008) and many native plant communities are susceptible to invasion 

by undesirable species under elevated nutrients (e.g. Nitrate & Phosphate) (Hunneke 

et al. 1990; Galatowitsch & Rosen 2004). Blooming industrial development has 

accelerated eutrophication in inlands waterways and also holds consequences for 

biological invaders. Nutrient in urban and industrial wastewater as well as in fertilizer, 

are increasingly being deposited into freshwater systems (Liu and Diamond 2005); 

which enhances invasions by introduced aquatic plants. The growth and reproduction 

of aquatic plants, such as Eichhornia crassipes (water hyacinth), have been repeatedly 

correlated with high concentration of nitrogen and phosphorous in eutrophic 

freshwater systems (Xie et al. 2004, Zaho et al. 2006). A fundamental challenge to 

invasion ecology is to determine what factors cause an exotic species to spread 

rapidly after the initial introduction (Kettenring et al. 2011). Understanding the 

ecological mechanisms governing plant invasions, such as nutrient enrichment can be 

used to improve invasive plant management.  

Successful management of wetland invasive plants requires a comprehensive 

information, including mapping the current distribution of invasive species, 

understanding the drivers of invasions, determining risk of invasion at currently 

unoccupied sites, and prioritizing control and management efforts. Increase of 

transport due to trade and travel, new globalized patterns of consumption, and the 

transformation of native ecosystems have emerged as main drivers of biological 

invasions at global level (Seebans et al. 2013). In addition to these global drivers, 

drivers of plant invasion in wetlands may also include the land use practices in the 

surrounding landscape, connectivity with other wetlands, utilization of wetland 

resources by local communities, and human efforts to introduce invasive plants. 

Identifying drivers is necessary to understand the processes behind biological 

invasions, management of invasive species, and also to generate policy initiatives that 

address threats to biodiversity (Bradly and Marvin 2011). Developing a scientific 

basis for monitoring and managing invasive species and implementing measures to 

manage pathways to prevent introductions is one of the Convention on Biological 

Diversity Aichi Target 9 for 2020 (https://www.cbd.int/sp/targets). Because of the 
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increased vulnerability of wetlands to invasion there is a need for innovative tools for 

IAPS monitoring and management. Detailed distribution data across large extents are 

important for successful invasive species management (Bradly and Marvin 2011). 

Identifying environmental factors that may increase the likelihood of invasion, and 

predicting areas vulnerable to invasion, is another important aspect of invasive species 

management in wetlands (Gallien et al. 2010, Jakubowski et al. 2010, Bradley and 

Marvin 2011). 

Introduction of alien species is one of the major problems for the degradation of 

Nepal‘s wetlands. Many native species in wetland sites of Nepal have been threatened 

by Invasive alien plant species (IAPS) (Tiwari et al. 2005). Invasions by alien species 

like Eichhornia crassipes have been identified as one of the major threats to 

biodiversity and ecosystem health of tropical and subtropical wetlands in Nepal 

(MFSC 2014). Accurate maps of distribution and abundance of IAPS are very 

important for risk assessment. Distribution mapping of IAPS in wetlands help in early 

detection and control of invasive plant species in wetlands.   

1.2 Justification of Study 

Wetlands are the most productive ecosystem on the earth and provides wide array of 

goods and services to the local communities as well as global communities (Doods et 

al. 2008). In spite of all these services provided by wetlands these are under various 

threats, and introduction of new IAPS and spread of existing alien species is 

considered as one of the major threat (IUCN, 2004). The importance of wetlands and 

their threats has been recognized in Nepal and different legislations have been 

formulated in Nepal‘s Wetland Policy 2013. But the policies itself cannot manage 

wetlands without its appropriate implementation (K.C et al. 2013). Thus there is 

greater need of review and strong implementation of the existing policies.   Most of 

the wetlands of Nepal, particularly of tropical and subtropical regions, are witnessing 

a rapid invasion by aquatic invasive species with noticeable negative effects on 

biodiversity and livelihood of indigenous communities (MFSC 2014). Several IAPS 

have been reported in Nepal. Water hyacinth (Eichhornia crassipes), present in Nepal 

for many years, is widespread and is assumed to alter aquatic ecosystems to some 

extent (IUCN, 2004). Invasions by alien species like Eichhornia crassipes have been 
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identified as one of the major threats to biodiversity and ecosystem health of tropical 

and subtropical wetlands in Nepal (MFSC 2014). IAPS such as Ipomoea carnea ssp. 

fistulosa is also becoming abundant in area near wetlands, thereby affecting habitats 

of water birds and other wetland dependent fauna as well. Therefore, management of 

wetland invasive plants has been given high priority in National Biodiversity Strategy 

and Action Plan 2014-2020 (MFSC 2014) as well as in National Ramsar Strategy and 

Action Plan 2018-2024 (MFE 2018). In the meantime, inadequate knowledge on the 

invasion processes, dispersal pathways, and other drivers of invasions are also 

identified as challenges for invasive species management in Nepal (MFSC 2014). 

Management of wetland invasive alien plants (IAPS) will requires a comprehensive 

information, including spatial distribution of invasive species, understanding the 

drivers of invasions, determining risk of invasion at currently unoccupied sites, and 

prioritizing control and management efforts. However, comprehensive study on the 

plant invasions in most of the wetland is still awaiting in Nepal. Therefore, it is urgent 

to undertake comprehensive study to determine the state of invasion in wetlands 

focusing on identify the major drivers of invasion in wetlands to initiate science-based 

management interventions through informed policy decision.  

Invaded wetlands may serves as sources of propagules for non-invaded wetlands. 

Thus, such wetlands should be monitored timely to prevent introduction and spread of 

IAPS to non-invaded wetlands. This type of research will be also useful for the local 

level policy making bodies and wetlands managers. Results of this study will be 

useful for conservation and management of wetlands in Kanchanpur district and other 

similar regions in Nepal and the South Asia. 

1.3 Objectives  

The objectives of this study were: 

 To enumerate the IAPS in different wetlands of Kanchanpur district, Far 

western Nepal. 

 To map spatial distribution of wetland IAPS of Kanchanpur district, Far 

Western Nepal. 

 To identify dispersal pathways of the IAPS in the study area 

 To identify major drivers of plant invasions in wetlands 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Freshwater Wetlands 

Freshwater invasions are of special concern, as freshwater ecosystems are among the 

most diverse and endangered ecosystems in the world (Dudgeon, et al. 2006), 

harboring more than a quarter of all freshwater flora and fauna threatened or recently 

extinct (UNEP, 2011). Although freshwater biodiversity provides wide variety of 

valuable economic goods and irreplaceable ecosystem services for humanity, it is 

increasingly threatened by overexploitation, pollution, water flow changes, habitat 

degradation and invasion by alien species (Dudgeon et al. 2006). Of these threats, the 

spread of invasive species appears the most severe (Zedler & Kercher, 2004; Olden et 

al. 2006) and causes considerable damage with cascading effects on structural 

organization and functional integrity of freshwater ecosystems.  

Nepal‘s wetlands are the Himalayan water palace, unique, biological hotspots and 

supermarket of biodiversity (Pokharel & Nakamura 2010). Wetlands cover roughly 

five percent of Nepal‘s land area (DOAD, 1992). Nepal has approximately 6,000 

rivers and rivulets, including permanent and seasonal rivers, streams and creeks 

(WECS, 2002). IUCN has identified 163 wetlands in 19 Terai districts covering 

724,257 hectares in these districts (Bhandari, 1998a). An inventory carried out by 

ICIMOD (International Centre for Integrated Mountain Development) and UNEP 

(United Nations Environment Programme) listed 2,323 glacial lakes (75.70 km2) 

above 3,500 m in Nepal. These include 182 lakes of 8 hectares or more, and 2,141 

with areas less than 8 hectares (ICIMOD, 2002). As in the rest of the world, wetlands 

in Nepal have significant human use values. The wetlands of Nepal also provide 

important habitats of biodiversity including several globally threatened and migratory 

species. However, these are under various threats, and biological invasions is one of 

the major threats (MFSC 2014).   

2.2 Biological Invasions 

Human-mediated dispersal of species into new regions is known as biological 

invasion. Biological invasions is homogenizing the world‘s biota (Winter et al. 2010). 

Invasive alien species are a subset of naturalized alien species which often spread 
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widely from the point of introduction (Richardson et al. 2000; Blackburn et al. 2011) 

and cause negative impacts on the environment (Blackburn et al. 2014).  According to 

CBD (2000) ―an alien species whose introduction and/or spread threatens biological 

diversity‖, are called as invasive alien species. Alien species that have established 

self-sustaining populations without direct human intervention are naturalized plants 

(Richardson et al. 2000, Pysek et al. 2004, Blackburn et al. 2011, Essl et al. 2018).  

Invasive alien species (IAS) pose a significant threat to biodiversity. Invasive alien 

species alter ecosystem processes (Raizada et al. 2008), decrease native species 

abundance and richness via competition, predation, hybridization and indirect effects 

(Gaertner et al. 2009), change community structure (Hejda et al. 2009) and alter 

genetic diversity (Hulme et al. 2009). Increases in the number and spread of alien 

species appear to be strongly associated with substantial increases in the extent and 

volume of trade and transport, particularly over the last 25 years (Hulme, 2009).  

Globally there are 13,168 naturalized plant species which is equivalent to 3.9% of the 

extant global flora (Kleunen, et al. 2015). According to Shrestha et al. 2018a, 179 

exotic species of flowering plants (one gymnosperm sp. (Pinus patula) and 178 spp. 

of angiosperm) have been naturalized in Nepal. First assessment of Invasive Species 

in Nepal was done by IUCN from 2002-2003 and reported 21 IAPS (Tiwari et al. 

2005). But recently, 26 species (23 dicotyledonous; 3 monocotyledonous) were 

recorded as invasive in Nepal (Shrestha, 2019). They belong to 14 families with the 

highest number of species in Asteraceae (10 spp.); followed by Fabaceae (3spp.) and 

Amaranthaceae (2spp.); the rest of families have one species each. Lowe et al. (2009) 

reported 100 of the world‘s worst alien invasive species among them 4 IAPS are also 

reported from Nepal. They are Eicchornia crassipes, Lantana camara, Mikania 

micrantha, and Chromolena odorata (Shrestha 2016). Despite a significant increase in 

the number of national and international IAPS policy and plans (Butchart et al. 2010), 

spread of IAPS and mitigation of their effects have become major challenges for 

conservation.  

2.3 Plant Invasions in Wetlands 

Wetland invasion is a global issue and considered as a major component of global 

environmental change. Nutrient loading from agricultural runoff, solid wastes, 
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industrial effluents, etc. facilitates the wetland invasion (Tyler et al. 2007). Biological 

invasions, as a major component of global change, have caused significant ecological 

and economic impacts on aquatic ecosystems, together with the impacts of other 

factors, such as global warming, eutrophication, and flooding (Hastwell et al. 2008). 

Significant wetlands of Nepal are covered by IAPS. Shrestha (2016) recorded six 

aquatic IAPS from various wetlands of Nepal; they are Eicchornia crassipes, 

Alternanthera philoxeroides, Ipomoea carnea ssp. fistulosa, Pistia stratitoes, 

Myriophyllum aquaticum and Leersia hexandra. Eicchornia crassipes belongs to 100 

of the world worst invasive alien species (Lowe et al. 2009). It is the most 

problematic species that has invaded most wetlands of the Terai and mid-hills. This 

species occurs in all over Nepal extended from Kanchanpur to Jhapa districts in Terai 

as well as Kathmandu and Pokhara valleys in mid-hills (Tiwari et al. 2005).  

Invasive alien plants are a significant environmental problem in wetland ecosystems 

(Richardson et al. 1997). IAPS increases biomass and evapotranspiration and thereby 

decrease both surface water runoff and groundwater recharge (Gorgens and Van 

Wilgen, 2004). Plant invasions significantly reduce biodiversity (Richardson and Van 

Wilgen, 2004). Several alien aquatic plant species are important invaders of rivers and 

water bodies in Nepal. These plants include Eichhornia crassipes (water hyacinth), 

Pistia stratiotes (water lettuce), Alternanthera philoxeroides (Alligator weed) 

Myriophyllum aquaticum (parrot‘s feather) and Leersia hexandra (Cut grass). 

Myriophyllum aquaticum has been reported only from the Kathmandu Valley (Tiwari 

et al. 2005), while other wetland species have become relatively widespread, forming 

dense mats in nutrient-rich aquatic ecosystems, either as floating weeds or rooted to 

shallow sediments or river banks (e.g., parrots feather). In Ramsar sites of Terai, 

Siwalik and Middle Mountains, the major IAPS are Eichhonia crassipes, Ipomoea 

carnea ssp. fistulosa, Pistia stratiotes, and Lessersia hexandra (Siwakoti and Karki, 

2009; Shrestha et al. 2016). Invasions of aquatic weeds are associated with a range of 

impacts on water quality. Dense mats of these weeds can impede water flow, which 

increases the rate of siltation in water bodies, and inhibit the diffusion of air into 

water, resulting in lower concentrations of dissolved oxygen (Raid and Munshi, 1979; 

Tellez et al. 2008). Lower oxygen concentrations, combined with the increased 

amounts of organic detritus that collect beneath these floating mats, can increase 

sediment accumulation rates and accelerate eutrophication processes. Increased 
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eutrophication can be lethal to fish, cause algal blooms and render the water toxic and 

uninhabitable for native animal and plant species (Pieterse, 1989). 

2.4 Dispersal Pathways for Wetland Invasions  

Pathways describe the processes that result in the introduction of alien species from 

one location to another. Alien species may arrive and enter a new region through three 

broad mechanisms: importation of a commodity, arrival of a transport vector, and/or 

natural spread from a neighboring region where the species is itself alien (Hulme et al. 

2008). These three mechanisms result in six principal pathways: release, escape, 

contaminant, stowaway, corridor and unaided. Alien species transported as 

commodities may be introduced as a deliberate release or as an escape from captivity. 

Many species are not intentionally transported but arrive as a contaminant of a 

commodity, for example pathogens and pests. Stowaways are directly associated with 

human transport but arrive independently of a specific commodity, for example 

organisms transported in ballast water, cargo and airfreight. The corridor pathway 

highlights the role transport infrastructures play in the introduction of alien species. 

The unaided pathway describes situations where natural spread results in alien species 

arriving into a new region from a donor region where it is also alien (Hulme et al. 

2008).  

The Convention on Biological Diversity and its Strategic Plan for Biodiversity 2011–

2020, supported by most of the world‘s countries, provide an overarching framework 

for all parties engaged in biodiversity management and policy development to save 

biodiversity and to enhance its benefits for people (https://www.cbd.int/sp/targets). 

One of the Strategic Plan‘s 20 Aichi Targets for achieving this aim concerns invasive 

alien species. Aichi biodiversity target focuses on the control or eradication of 

invasive alien species and the management of their introduction pathways. 

Specifically, meeting this target globally will require identification and prioritization 

of IAPS and Pathways, control or eradication of IAPS and measures to manage 

pathways to prevent their introduction and establishment 

(https://www.cbd.inat/sp/trgets/). 

Invasions of alien species begin with the human-assisted   movement of living 

individuals or propagules across biogeographic barriers (Blackburn et al. 2011). The 
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accelerating worldwide movement of people and goods is driving the increasing rate 

at which biological invasions are occurring (e.g., Essl et al. 2011, Seebens et al. 

2013). As a result, the contributions of specific pathways (i.e., any means that allows 

the entry or spread of an alien species into a region; FAO 2007) to introduction and 

subsequent invasion. Information on pathways is fundamental to alien-species risk 

assessments, management, monitoring, and surveillance (e.g., Clout and Williams 

2009, Simberloff and Rejmanek 2011). For example, prevention strategies that 

consider pathways together with protocols focused on individual taxa are essential for 

reducing the arrival of new and damaging species in a particular region (e.g., Keller et 

al. 2009). To aid these efforts, a standardized pathway terminology and classification 

has been proposed (Hulme et al. 2008), and additional work has contributed to a better 

understanding of socioeconomic and other factors that affect the dissemination of 

propagules to and within new regions (Wilson et al. 2009).  

An invasion pathway includes both the vector that carries an organism and the route 

along which it travels (Carlton and Ruiz 2005). Most basically, pathways can be 

distinguished either by whether they are deliberate (intentional) or accidental 

(unintentional) or in terms of the introduction mechanism: (a) the importation of a 

commodity, (b) the arrival of a transport vector, or (c) the natural spread from a 

region where the species is itself alien. These mechanisms can be divided into five 

pathways of introduction (release, escape, contaminant, stowaway, and corridor), and 

an additional category (unaided) to describe the natural spread of a species after its 

initial introduction into another territory (Hulme et al. 2008). These six categories 

defined by Hulme et al. 2008 have been further modified and developed into a 

hierarchical pathway classification, which was adopted by the Convention on 

Biological Diversity (CBD 2014). Thus for the management of biological invasions, 

identification and prioritization of dispersal pathways is indispensable, which is also 

mentioned in Convention on Biological Diversity, its current strategic plan, and 

specifically Aichi Target 9. 

2.5 Drivers of Biological Invasions in Wetlands 

The term driving forces refers to the changes in the social, economic or institutional 

domains that trigger the introduction, release, spread and establishment of invasive 
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species. Alien species are, by definition, taxa that are introduced outside of their 

natural range either intentionally or unintentionally by human agency (IUCN 2000). 

Globalization and economic growth are widely recognized as important drivers of 

biological invasions (Essl et al. 2010). Human activities are the most important large 

scale determinants of biological invasions (Sharma et al. 2010). Introduction and 

spread of IAPS strongly depends on socioeconomic activities (Pysek et al. 2010; Essl 

et al. 2011) especially transport and tourism that are directly associated with the 

pathways of introduction e.g., ornamental trade & tourism (Hulme 2009) or the 

intensity of anthropogenic disturbance (Hulme 2009, Pysek et al. 2010, Spear et al. 

2013, Dalmazzone and Giaccaria 2014). The effects of land- use factors are also 

known as important drivers of IAPS (Chytry et al. 2012, Mattingly and Orrock 

2013).Human agency facilitates plant invasions by a broad array of pathways leading 

to species introduction to new regions and to subsequent invasion processes 

(Hodkinson & Thompson 1997; Kowarik 2003). Understanding the mechanisms of 

range expansion is a crucial prerequisite for both prevention and management of 

invasions (Pysek & Hulme 2005). The different studies demonstrated that increase of 

transport due to trade and travel, new globalized patterns of consumption and the 

transformation of hosting ecosystems emerge as main drivers of biological invasions.  

IPCC (2007) identifies climate change as one of the factors for the emergence of 

invasive plant species. Increase in atmospheric temperature and carbon dioxide 

concentrations are likely to increase invasion of plant species because of their 

adaptability and ability to disturb a broad range of biogeographic conditions and 

environments (Mooney and Hobbs, 2000). Climatic similarity with the native region 

is considered an essential requirement for successful invasions (Thuiller et al. 2005, 

Ficetola et al. 2007, Gallien et al. 2010, Gallardo et al. 2015), but other abiotic factors 

can also play an important role. For instance, the propagule pressure is one of the key 

drivers of successful introduction of IAPS (Hulme 2009). Socioeconomic driving 

forces of biological invasions operate at different levels Le Maitre et al.  (2004). 

Nearest distance to seaports, release of ballast water due to increasing global trade and 

transport play major role for all the aquatic (marine) current invasions worldwide 

(Gallardo and Aldridge 2013, Seebens et al. 2013). Moreover, nearest distance to 

airport and human population density (proxy of propagule pressure) were important 

predictors for terrestrial invasions (Bellerd et al. 2016. Biotic interactions or local 
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climatic conditions are also possible drivers of invasions (Araujo and Luoto 2007, 

Kharouba et al. 2013, Wisz et al. 2013). 

According to Catford et al. (2011), modification of the disturbance regime may 

facilitate invasion either indirectly by reducing the abundance of, and competition 

from, native species or directly by providing hydrological conditions to which IAPS 

are well adapted. Because fast economic development has been demonstrated to 

accelerate biological invasions (Lin et al. 2007), like other developing countries Nepal 

is also at high risk of invasions. Biological invasions, as well as their driving forces, 

operate at several scales and levels. Increase of some trends such as trade and tourism 

at the regional as well as global scale and the recurrent local patterns such as 

urbanization, fragmentation of ecosystems, etc. in different countries contribute to 

make biological invasions a global environmental problem. Thus, responses will 

depend on the level at which the action is required, helping the design of policy and 

management options.  

 

2.6 Management of Invasive Plants in Wetlands 

Invasive species can be enormously costly to manage, so resources must be 

committed to where they are likely to be most cost-effective (Krug et al. 2009). Major 

challenges arise from the large number of species involved, from distinguishing those 

that are invasive from those that are not, and the expense of acquiring and assessing 

the information needed to support decision making (Hulme 2009). Problems and 

opportunities must therefore be ranked or prioritized, according to the severity of 

actual and potential impacts on biodiversity and ecosystems (Carrasco et al. 2010; 

Kumschick et al. 2012). Prioritization to support cost-effective allocation of resources 

is part of decision-making at nearly every stage of the invasion process. For example, 

pathways may be prioritized for the purpose of preventing the introduction of harmful 

alien species (pre-invasion or pre-border). Once an invasive alien species (IAS) has 

arrived and is established (post-invasion or post-border), the focus moves to 

preventing its spread and to the protection of high priority sites. When a species with 

demonstrated impact threatens to spread, prioritization is focused on the feasibility of 

its eradication or containment. Preventing the introduction and further spread of IAPS 
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seems to be the easiest way to reduce current and future negative impacts and 

management costs associated with IAPS (Maki and Galatowitsch, 2004).  

2.7 Research Gap  

The main gap is in unavailability of data regarding IAPS in freshwater ecosystems in 

Nepal. Their diversity, potential dispersal pathways, major drivers as well as their 

impacts are poorly understood and management practices are limited to mechanical 

removal only. There are a number of threats to lowland wetlands in Nepal. Most of 

the wetlands of Kanchanpur district are under degrading condition (DoF, 2017). 

Converting the wetlands into agricultural field especially paddy fields and grazing 

land was observed in some wetlands. Habitat destruction and degradation, 

introduction and spread of IAPS, loss of ecosystem integrity and depletion of species 

abundance and diversity are major threats of these wetlands.  Thus for the long term 

and systematic management planning detailed information on diversity, distribution, 

potential dispersal pathways and drivers of introduction IAPS in wetlands are 

required. The importance of wetlands and their threats has been recognized in Nepal. 

Recognizing the importance of wetlands, different legislations have been formulated 

to restore the degraded condition of wetlands and to promote the wise use (IUCN, 

2004). But the policies itself cannot manage the wetlands without its appropriate 

implementation. Generation of additional data on diversity, distribution and dispersal 

of IAPS will help to effectively promote policy into management practices.  
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Study Area 

Study area map was prepared from geographic co-ordinates recorded in GPS from 

field survey and by compiling administrative boundary of Nepal from Land Resource 

Mapping Project (LRMP, 1986) and Land use map from ICIMOD, 2010. 

 

Figure 1. Map showing studied wetlands of Kanchanpur district 
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3.1.1 Geographical Location 

The study was conducted in wetlands of Kanchanpur district of Far- western Nepal, 

Sudurpaschim Province, which has the total area of 1610 square Kilometer (1, 61,741 

hectare). Topographically, the district is divided into three regions: Churia hills, 

Bhabar range and Terai Plain. The elevation ranges from 160m to 1528m above sea 

level (http://ddckanchanpur.gov.np/ne-brief-introduction). This research was carried 

out in both invaded and non- invaded wetlands of Kanchanpur district.  

3.1.2 Climate 

The climate of Kanchanpur district is dry tropical type with rainy summer and dry 

winter season. The climatic data of Mahendranagar station of the past 10 years from 

2008 to 2018 shows that the mean monthly maximum temperature was 37.24°C in 

July and the mean monthly minimum temperature was 7.88°C in January (Figure 2). 

The mean annual precipitation was 2079 mm with the highest monthly precipitation in 

July at 659.3 mm and lowest in November at 5.2 mm. Climatic data of 

Mahendranagar station of Kanchanpur district for 10 years is given in Appendix 1. 

 

Figure 2. Ten years (2008-2018) average monthly temperature and precipitation 

data recorded at Mahendranagar Station of Kanchanpur district (Source: 

Department of Hydrology and Meteorology, Government of Nepal; data 

obtained on November, 2019) 

http://ddckanchanpur.gov.np/ne-brief-introduction/
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3.1.3 Vegetation 

Vegetation of Kanchanpur district is dominated by different forest types such as 

riverine deciduous forest, mixed deciduous forest and Sal and grassland. Most of the 

forest area of Kanchanpur district is covered with commercially and naturally 

important trees such as Shorea robusta (Sal), Acacia catcheu (Khayer), Dalbergia 

sissoo (Shishau) etc (Pant & Yadav, 2014). A number of other trees are associated 

with Sal such as Terminalia chebula, T. bellirica, Adina cardifolia, Bombax cebia, 

Pterocarpous marsupium, etc. Tropical deciduous riverine forest composed mainly of 

the Acacia catechu and Dalbergia sisssoo. Grassland of Suklaphanta  is dominated by 

Imperata cylindrica supporting over a third of the world's remaining swamp deer 

population, with over 1000 animals ( Henshaw 1994), together with Nepal's largest 

populations of Bengal florican (Poudyal et al. 2008) and hispid hare (Bell 1986).  

3.1.4  Wetlands in Kanchanpur 

Wetlands of Kanchanpur district are rich in biodiversity with diverse species of birds, 

mammals, herpeto fauna and fishes. There are a number of lakes with high religio-

cultural values. Jhilmila Tal is one of remarkable wetland in Kanchanpur district with 

>25,000 annual visitors (DoF, 2017). Kalikich Tal in Kanchanpur district share 

boundaries with Suklaphanta Wildlife Reserve. DoF (2017) recorded 28 wetlands in 

Kanchanpur district. In our study we found total 31 wetlands and out of 31, 19 

wetlands were selected for further study, because remaining 12 wetlands were 

excluded because these wetlands are found to be degraded due to different 

anthropogenic activities like land use change, drying due to drainage for crop 

production, conversion of wetlands into agricultural land (Nani Tal was found to be 

converted into agricultural land) and fish ponds ( Pipermandi and Ajayan Kunda were 

dried by local people to make fish pond) was also observed in some wetlands. 

Similarily, wetland drying due to natural drought has also been observed in some 

wetlands (Newland lake, Jharna Tal, Naranga lake small, Naranga lake big, Ajinger 

lake, Gangla Tal and Kakri Tal). Naranga lake small, Naranga lake big, Ajinger lake, 

Gangla Tal and Kakri Tal were now converted into grazing land.  

  

https://besjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2664.1999.00405.x#b19
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2664.1999.00405.x#b20
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3.2 Field Data Collection 

The study was conducted in two seasons; Pre-monsoon and monsoon. In first field 

visit i.e., pre-monsoon season preliminary survey was carried on all 31 wetlands of 

Kanchanpur district from May- 26 to June 8.  Among these 31 wetlands only 19 

wetlands were selected for detailed study. During field visit it has been found that 

some of the wetlands were lost and converted into other land types such as 

agricultural field, grazing land, fish pond, etc. Thus wetlands having high level of 

disturbance were excluded from study. Second detailed field survey was carried out 

from September 4 to September 14, 2019.  

3.2.1 Inventory of Invasive Plants in Wetlands  

For the documentation of IAPS from different wetlands a checklist of 26 IAPS with 6 

wetland species reported from Nepal by Shrestha (2016) was used. For visual 

estimation of IAPS cover, wetlands smaller than 0.25 ha area was considered as single 

sampling unit. The larger wetlands  (>0.25 ha) were divided into 50 m × 50 m grid in 

map by using GIS and each grid was considered as sampling unit. The coverage of 

every IAPS was recorded according to Daubenmire cover class method (Daubenmire 

1959). Water sample was also collected from each grid for chloride, nitrate and 

phosphate analysis. Specimens of each IAPS was collected to prepare herbarium for 

the confirmation of identification and to deposit at Tribhuvan University Central 

Herbarium (TUCH) for future reference. Geographical locations (latitude, longitude, 

and elevation) of collection sites were recorded by using Global Positioning System 

(GPS).The herbarium specimens were identified to species level with the help of 

relevant literatures (e.g. Rajbhandari et al. (2016), Tiwari et.al. (2005)) and by 

comparing with specimens deposited at TUCH. 

3.2.2 Water Sampling and Analysis  

Nitrate and phosphate are the major nutrients which increases the likelihood of plant 

invasion in the wetlands and ultimately responsible for eutrophication of wetlands 

.Thus,from each wetland, single composite water sample was collected to determine 

nitrogen and phosphorus content by Phenol Disulphonic method and ammonium 

molybdate method (Trivedy and Goel, 1984). In smaller wetlands (<0.25 ha),  three 
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sub samples (500 ml) was collected at equidistant from the shoreline and 1L 

composite sample was collected from the mixture of three sub samples. The number 

of sub samples were higher in larger wetlands (>0.25 ha) depending on the size of the 

individual wetland. Collected water samples were analyzed in laboratory of the 

Central Department of Environmental Science, Tribhuwan University, Kirtipur, 

Kathmandu. The methods for chemical analysis of water samples are as follows.  

pH: pH is negative logarithm of the hydrogen ion concentration. The pH scale of 

value extents from 0 (Very acidic) to 14 (Very alkaline) with the neutral value 

(pH=7). It was measured by using pH meter with electrode according to Trivedy and 

Goel (1986). For the determination of pH of water sample electrode was rinsed in 

deionized water and carefully wiped with tissue paper. pH meter was then calibrated 

in buffer solution of pH 4.0, 7.0, and 9. After that pH meter or electrode was placed 

into the water sample and pH value was recorded. 

Chloride: Chloride generally present in natural water and wastewater. Chlorides may 

get into surface water from several source including rock containing chlorides, 

agricultural runoff, industrial effluents and domestic wastewater (Maharjan, 2014).It 

was measured based on Argentometric titration method (Trivedy and Goel, 1984). For 

the sample preparation, 50 ml filtered sample was taken in a conical flask and 3 drops 

of potassium dichromate was added on sample. Then, sample was titrated with silver 

nitrate (0.02N) solution until the color changed into reddish brown. The calculation 

formula is Cl (mg/L) =  

Volume of AgNO3 consumed × normality of AgNO3 × 35.5 × 1000 

Volume of sample taken 

Nitrate: The Phenol disulphonic acid method (Trivedy and Goel, 1984) was used to 

estimate nitrate- nitrogen content in water sample. Water sample (50 ml) was taken in 

porcelain basin. Equivalent quantity of silver solution was added to remove chlorides. 

The solution was evaporated to dryness. The residue was cooled and 2 ml phenol 

disulphonic acid was added and was diluted to 50 ml then 6 ml of liquid ammonia was 

added to develop yellow color. Absorbance was measured using SSIUV2101 

spectrophotometer at 410 nm wavelength. Each sample was analyzed three times and 

then average absorbance was calculated and concentration was calculated by 



 
 

18 

 

calibration curve of standard solution. Nitrate stock and standard solution was 

prepared by dissolving 0.722g of KNO3 in distilled water and made up to 1000ml in a 

volumetric flask. Then Calibration curve was prepared by diluting the stock solution 

with distilled water. The absorbance of standard solution was taken and graph was 

plotted between absorbance and concentration (Appendix VII). Finally nitrate 

concentration of water sample was calculated by equation y = 0.076x + 0.046, where 

y = absorbance of water sample and x is nitrate concentration. 

Phosphate: Phosphate of a water sample was determined by ammonium molybdate 

method (Trivedy and Goel, 1984). Ammonium molybdate reacts with phosphate to 

form molybdophosphoric acid which is reduced to blue color complex by adding 

stannous chloride. Ammonium molybdate (2 ml) and 5 drops of stannous solution was 

added to 50 ml of water sample and absorbance was taken at 690 nm wavelength 

using SSIUV2101 spectrophotometer. Each sample was analyzed three times and then 

average absorbance was calculated and concentration was calculated by calibration 

curve of standard solution. The standard solution was prepared by dissolving 4.388gm 

of dried anhydrous potassium hydrogen phosphate (K2HPO4) in distilled water and 

volume was made 1litre in volumetric flask. Then Calibration curve was prepared by 

diluting the stock phosphate solution with distilled water (Appendix VI). Finally 

phosphate concentration of water sample was calculated by equation, y = 0.8195x + 

0.1092 where y = absorbance of water sample and x is phosphate concentration. 

3.2.3 Focus Group Discussion 

This study documents the local knowledge and understanding about IAPS, and 

compiles community perceptions about the utilization values of wetlands, threats of 

wetlands, impacts of identified IAPS and year and purpose of their introduction of 

some problematic wetland IAPS, uses and benefits of IAPS and the management 

efforts carried out by local communities, Rural municipal and municipality for 

wetland management and prioritize them based on scoring method.  

Focus group discussion (FGD) was carried out in a group of 6-8 people for 

understanding past and current status of wetland IAPS, utilization value of wetlands, 

threats of wetlands and impacts of IAPS. Of the 19 wetlands we conducted 17 FGDs, 

1 for each wetland. In two wetlands namely; Sitaram Kunda and Sidhha Baijanath 
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Kund FGDs were not carried out, because these wetlands are situated far from the 

settlement due to which it was not possible to organize FGD. The FGDs were 

conducted in Nepali language; participants were first informed about the invasive 

species and their potential impacts on the environment and livelihoods. Colored 

photographs of 26 IAPS found in Nepal was distributed to participants to recognize 

IAPS to them. The major issues discussed during FGD were; (i) Overall knowledge 

about IAPS and the number and names of IAPS found in wetlands and surrounding 

landscapes. (ii) Utilization values of wetlands (iii) threats of wetlands (iv) Impacts of 

identified IAPS (v) Uses and benefits of IAPS found in study area and (v) The 

management efforts carried out by local communities, Rural municipal and 

Municipality for wetlands.  

FGDs were also conducted for understanding the introduction and potential dispersal 

pathway. From FGDs only information on dispersal pathways of Eichhornia crassipes 

were obtained. People does not have exact information about the first arrival and 

introduction of other documented wetland IAPS. Thus potential dispersal pathway of 

only Eichhornia crassipes in study area were identified. The information obtained 

from FGD were analyzed by scoring method used by Shrestha et al. (2019). FGDs 

gave the information on potential dispersal pathways of Eichhornia crassipes. These 

pathways were ranked based on the people‘s perception. Based on respondent‘s 

ranking pathways were prioritized to find out possible pathways responsible for 

introduction and dispersal of Eichhornia crassipes. The main focus of survey was on 

how first time wetland IAPS arrived there? If they were introduced there 

intentionally, for what purpose were they introduced? And if they were introduced 

accidently from which agent or path they might have arrived there? Can the invaded 

lakes be source of propagules for further invasion to new lakes? These questionnaires 

help to identify introduction and dispersal pathway which will be important for 

pathway management.  
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3.3 Data Analysis 

3.3.1 Spatial Mapping 

The spatial distribution map of 4 wetland species recorded from wetlands of 

Kanchanpur district were prepared by using geographic co-ordinates recorded in GPS 

from field survey and by compiling Administrative boundary of Nepal and 

Physiographic Zones from LRMP (1986) with the help of QGIS software 

(www.osgeo.org/projects/qgis ).  In the maps presence of IAPS in wetlands along 

with their cover percentage were shown. Six cover classes of Daubenmire (1959) 

were grouped into four cover classes (0, upto 25%, 25-50%, 50% above) in order to 

simplify the data.   

3.3.2 Frequency and Cover 

Frequency and coverage of all IAPS were calculated. The frequency of each IAPS 

was calculated according to Zobel et al. (1987) by using following formula.  

Frequency (%) = Number of wetlands in which species occurred   ×100 

Total no. of wetlands  

Cover of each IAPS in wetlands was estimated by visual estimation method, 

considering each grid as 100% and by placing each species in the suitable cover class. 

We have considered cover values 1/2/3/4/5/6 for Daubenmire cover class 0-5%, 5-

25%, 25-50%, 50-75%, 75-95%, 95-100% respectively and then mid-values for each 

cover class was taken and finally mean value was obtained.  

Cover of IAPS (%) = Average mid-value of cover class of particular species × 100 

Total no. of wetland  

3.3.3 Prioritization of Dispersal Pathways 

The information obtained from FGD were analyzed by scoring method used by 

Shrestha et al. (2019). Different possible pathways were ranked first, second, third 

and fourth in each FGD were given scores of 4, 3, 2, and 1 respectively. Thus for the 

each pathway, the total score was obtained by the summation of the scores obtained 

from FGDs and they were used to derive a percentage score to prevent data skewness.  

The pathway with the highest score percentage was considered as the major pathway 

http://www.osgeo.org/projects/qgis
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responsible for introduction and dispersal of Eichhornia crassipes in study area. The 

total maximum possible score of each pathway was calculated by using following 

formula:  

Total possible maximum score of each pathway = Total no. of wetlands in which 

Eichhornia present ×Highest Score (i.e., 4) 

For example, Total maximum possible score for introduction of Eichhornia = 8×4 

                                                                                                                   =32 

Score percentage of introduction of Eichhornia crassipes as feed for fish 

= sum of score of introduction of Eichhornia crassipes as feed for fish × 100 

Total maximum score 

= 5/32×100 

=15.625% 

Using above method, Score of the remaining pathways were also calculated. 

3.3.4 Uses of and threats to wetlands  

Most of the data on uses and threats of wetlands, obtained from FGD were descriptive 

and some of them were analyzed by scoring and prioritization method used by 

Shrestha et al. (2019). FGDs among local people gave general scenarios of number of 

IAPS presence and their first arrival time in the study area. According to perception of 

participants of FGD, every socio-economic parameter i.e., Utilization value of 

wetlands, Wetland threats, Impact of IAPS taken were ranked as first, second, third, 

fourth, fifth, sixth and seventh in each FGD were given scores of seven, six, five, 

four, three, two, and one respectively and they were used to derive a percentage score 

to prevent data skewness. Scores of each Socio-economic parameter were summed up 

separately to obtain a total score of each parameter. Based on the total number of 

FGDs a maximum possible score for each parameter was calculated which was used 

to derive score percentage of each parameter. The total maximum possible score of 
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each parameter was calculated by using following formula: Total possible maximum 

score of each parameter = Total number of wetlands × Highest score (i.e. 7). 

For example, 

Total maximum possible score for Inappropriate wetland management = 19×7 = 133 

Total maximum possible score for each parameter is equal i.e., 133 

Score % of each parameter was calculated as follows;  

Score % for inappropriate wetland management  

= 100×
  score possible maximum Total

 management   wetlandateinappropri of Score of Sum
 

=109/133 ×100 

=81.95 

3.3.5 Impacts of IAPS on Wetland 

Impacts of IAPS on wetland were identified by FGD. Impacts of IAPS like high 

economic cost to remove, effect to native flora and fauna, biodiversity loss, difficultly 

in fishing, impact on recreational values and loss of appetite in some animals were 

discussed during FGD and were prioritized by scoring method used by Shrestha et al., 

(2019).   

3.3.6 Identification of Major Drivers 

Multivariate analysis were performed to understand the relationship between 

distribution and coverage of aquatic IAPS and environmental variables and were 

presented by using CANOCO for windows 4.5. Coverage of wetland IAPS was taken 

as species data and environmental variables (i.e., Distance from road, distance from 

settlement, grazing, elevation, pH, nitrate, phosphate concentration) were taken as 

environmental data. Distance from road and distance from settlement were measured 

by using QGIS Software. Grazing was recorded during field survey based on intensity 

of grazing i.e., >80% grazed was recorded as high, 20-80% grazed was recorded as 

moderate and < 20% grazed was considered as low. Relative importance of the 
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environmental variables and their impact on abundance of aquatic invasive alien 

species was derived from the Monte Carlo Permutation test Firstly, unconstrained 

gradient analysis, Detrended Correspondence Analysis (DCA), was done for aquatic 

invasive alien plant species, which revealed gradient length 2.7. Therefore, Canonical 

Correspondence Analysis (CCA) was done by using CANOCO version 4.5. All 

graphs were drawn by using CANODRAW 4.5.  
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CHAPTER 4: RESULTS 

4.1 Inventory of Wetland Invasive Plants in Wetlands 

Of the 6 wetland IAPS recorded from different wetlands of Nepal by Shrestha (2016), 

only 4 aquatic species i.e., Eichhornia crassipes, Ipomoea carnea ssp. fistulosa, Pistia 

stratiotes and Alternanthera philoxeroides were recorded from different wetlands of 

Kanchanpur district (Table 1). Besides these wetland IAPS, other shoreline IAPS in 

wetlands were also documented (Table 2). 

Table 1. Wetland IAPS recorded from different wetlands of Kanchanpur district 

S.N.  Name of species  
Common 

Name 
Local Name  Family  

Native 

distribution 

First 

report in 

Nepal* 

1.  

Eichhornia 

crassipes 

(Mart.) solms 

Water 

hyacinth 
Jalkumbhi  Pontederiaceae  S. America  1966 

2  

Ipomoea carnea 

ssp. fistulosa 

(Mart. Ex 

Choisy) D.F. 

Austin 

Bush morning 

glory 
Besaram  Convolvulaceae  

Mexixo, C & 

S America 
1966 

3  

Alternanthera 

philoxeroides 

(Mart.) Verdc. 

Parrot‘s 

feather 
Jalajambhu  Amaranthaceae  S America  1994 

4  
Pistia stratiotes 

L. 
Water lettuce  Kumbhika  Araceae  S America  1952 

*Source: Shrestha (2019) 
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Table 2. List of terrestrial IAPS recorded from different wetlands of 

Kanchanpur, district 

S.N.  Name of species  
Common 

Name 
Local Name  Family  

Native 

distribution* 

First 

report in 

Nepal* 

1.  

 

Ageratina 

adenophora L. 

Crotfton 

weed 

Kalo 

banmara 
Asteraceae  Mexico  1952 

2. 

Ageratum 

houstonianum 

Mill. 

Blue 

Billygoat 

weed 

Nilo gandhe Asteraceae 
Mexico & C 

America 
 

3. 
Ageratum 

conyzoides L. 
Billygoat  Gandhe  Asteraceae  

C & S 

America 
1910 

4. 
Lantana camara 

L. 
Lantana  Kirne kanda  Verbenaceae  

C & S 

America 
1848 

5.  
Xanthium 

strumarium L. 

Rough 

cockle- Bur 
Bhede kuro  Asteracea  America  1952 

6.  
Oxalis latifolia 

Kunth. 

Purple wood 

sorel 
Chari amilo Oxalidaceae 

Mexico to S 

America 
1954 

*Shrestha (2019) 

4.2 Distribution and Cover of IAPS 

Spatial distribution map of 4 wetland species Eicchornia crassipes, Ipomoea carnea 

ssp. fistulosa, Pistia stratiotes and Alternanthera philoxeroides was prepared from 

geographic co-ordinates recorded during field survey and with the help of QGIS 

software (Figure 3). Most of the wetlands of Kanchanpur district, especially wetlands 

situated in terai region of Kanchanpur district are invaded by IAPS. It has been 

observed that wetlands such as Baijanath Tal, Chauka Tal, Kalikich Tal, Kulla Tal 

and Pyara Tal situated very near to road and settlement have highest cover and IAPS 

richness. Thus it can be concluded that Richness of IAPS was high in wetlands 

situated near settlement and roadside.  
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Figure 3. Spatial distribution of wetland IAPS of Kanchanpur district 
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Among 4 wetland IAPS recorded from different wetlands of Kanchanpur district, 

Eichhornia crassipes have highest cover i.e. 85% in Chauka Tal, 56.25% in Baijanath 

Tal, 50.2% in Pyara Tal, 32.5% in Kulla Tal and 32.2 % in Kalikich Tal, followed by 

Ipomoea carnea ssp. fistulosa, Pistia stratiotes and Alternanthera philoxeroides have 

least cover among all documented wetland IAPS in study area (Appendix V). 

4.3 Frequency of Wetland Invasive Alien Plant Species 

The frequency of Ipomoea carnea ssp. fistulosa was found to be highest i.e., 63% 

followed by Eichhornia crassipes (42%), Pistia stratiotes (31%) and Alternanthera 

philoxeroides (16%). The most frequently occurring and problematic IAPS were 

Eichhornia crassipes and Ipomoea carnea subsp. fistulosa. 

 

Figure 4. Frequency of IAPS in Wetlands of Kanchanpur district 
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 4.4    Chemical properties of water 

Different chemical properties of water samples were analyzed which are shown in 

table below. 

Table 3. Variation of the selected chemical properties of water in the studied 

wetlants 

S.N. Name of Wetland Number 

of 

subsample 

pH Chloride 

(mg/l) 

Nitrate 

(mg/l)  

Phosphate 

(mg/l) 

1. Baijanath Tal 3 6.8 21.3 260.7 0.82 

2. Gadbijula Tal 4 6.75 42.6 75 0.93 

3. Mudka Tal 3 6.87 35.5 2.5 0.21 

4. Puraina Tal 4 6.62 14.2 85 0.79 

5. Peli Tal 5 6.6 21.3 95.5 0.91 

6. Kalikich Tal 9 6.67 21.3 85.8 0.82 

7. Kulla Tal 6 6.88 14.2 269.6 0.77 

8. Chauka Tal 5 6.66 35.5 203.9 0.37 

9. Shova Tal 6 6.32 28.4 2.2 0.29 

10. Puranii Tal 8 6.11 35.5 46.6 0.14 

11. Banda Tal 8 6.92 21.3 21.4 0.21 

12. Pyara Tal 11 6.89 14.2 245.7 0.97 

13. Siddha sarobar banda 

Tal 

4 6.35 14.2 269.7 0.15 

14. Bharma Tal 2 6.41 28.4 0.3 0.21 

15. Bedkot Tal 5 6.41 14.2 13.2 0.02 

16. Jhilmila Tal 4 6.21 21.3 26.9 0.09 

17. Siddha Tal 2 6.68 14.2 0.18 0.20 

18. Siddha baijanath 

Kunda 

3 6.9 21.3 0.12 0.26 

19. Sitaram Kunda 2 6.98 14.2 0.09 0.32 
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4.5 Community perceptions 

4.5.1 Dispersal Pathways  

According to FGD, different pathways for Eicchornia Crassipes invasion including 

the introduced year for the wetlands were collected (Appendix XI). In majority of 

cases Eichhornia crassipes was introduced intentionally as a feed for fishes which 

was for 5 different wetlands i.e. Kulla Tal, Chauka Tal, Shova Tal, Banda Tal and 

Pyara Tal out of total 8 wetlands invaded by Eichhornia crassipes. Thus it was 

considered as most important pathway for dispersal of Eichhornia crassipes in 

different wetlands of Kanchanpur, district.  

 

 

 

 

 

 

 

Fig 5. Bar- diagram showing score percentage of dispersal pathways of 

Eichhornia crassipes  

The introduced pathway at Baijanath tal and Purani tal was for ornamental and 

flooding respectively. Of the 19 wetlands Eichhornia crassipes was found to be 

present in 8 wetlands. Among these 8 wetlands year of first introduction of 

Eichhornia crassipes in 4wetlands i.e., Kalikich, Kulla, Chauka and Puranii was not 

obtained through FGD, while year of introduction of Eichhornia crassipes in other 4 

wetlands i.e., Baijanath, Shova, Pyara and Banda was found to be 2016, 2019, 1997 

and 1998 respectively.    
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4.5.2 Use of and threats to wetlands 

Among six utilization value of wetlands discussed during FGD, recreational activities 

was found to be most important with the highest score percentage i.e.,72%  followed 

by fishing, religious activities, livestock, irrigation and boating with 42 , 41, 33, 21 

and 3 score percentage respectively (Figure 6). Most of the wetlands of Kanchanpur, 

district are full of natural beauty and are picnic spots and other recreational activities. 

Wetlands situated at Chure range of district i.e., Jhilmila Tal, Bedkot Tal, Mudka Tal, 

Brhma Tal, Siddha Tal, Siddha-Baijanath Kunda, Sitaram kunda and Siddha Sarobar 

banda Tal are the religious places of district. Out of 19 wetlands, 11 are situated at 

terai region of district i.e. Baijanath Tal, Gadbijula Tal, Peli Tal, Kalikich Tal, Kulla 

Tal, Chauka Tal, Shova Tal, Puraina Tal, Purainii Tal, Banda Tal, Pyara Tal are used 

for fisheries and irrigation.  

 

Figure 6. Local people's perception about Wetland utilization value   

Among the seven wetland threats discussed during FGD, inappropriate wetland 

management have highest score with 82 % followed by wetland invasion, land use 

change, enchorachment, flood, pollution and connectivity to other water bodies with 

score percentage 30%, 29%, 28%, 27%, 21% and 9% respectively (Figure 7). 
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Figure 7. Score percentage of community perception of threats of Wetlands  

 

4.5.3 Impacts of IAPS on Wetlands 

Among six impacts of wetland IAPS discussed during FGD, high economic cost to 

remove IAPS in wetland have highest impact with percentage score 52.7 % followed 

by effect to native flora and fauna, biodiversity loss, difficulty in fishing, reduces the 

recreational value, loss of appetite in animals with percentage score  49 %, 37 %, 31 

%, 25 % and 5 % respectively (Figure 8). 

 

 

Figure 8. Community perception about impacts of Wetland IAPS   
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4.6 Major Drivers 

Multivariate analysis was done in order to evaluate the effect of environmental 

variables such as distance from road, and distance from settlement, grazing, elevation, 

nitrate concentration, phosphate concentration, chloride, pH on abundance of IAPS 

and were presented by ordination analysis. Detrended Correspondence Analysis 

(DCA) ordination showed the relationship between species abundance, sampling plots 

and environmental variable with the Eigen values 0.469 and 0.179 on axes I and II 

respectively (Table 4). The first axis of DCA have length of gradient 2.7 standard 

deviation (s.d) units. The data shows length of gradient more than 2.5 s.d. units. Thus 

direct gradient analysis i.e. Canonical Correspondence Analysis (CCA) was 

performed (Table 5). 

The CCA ordination explained the relationship of wetland invasive alien plant species 

with wetlands and environmental variables (Figure 9). Nitrate concentration 

(p=0.0105), Phosphate concentration (p= 0.0472) and elevation (p= 0.0365) were the 

most significant variables that affect the distribution of aquatic invasive alien plant 

species in different wetlands (Table 6). However, other environmental variables such 

as Chloride, pH, distance from road and distance from settlement and grazing had less 

significance over the distribution of aquatic invasive plant species in the present 

study.   

Table 4. Detrended Correspondance Analysis (DCA) ordination summary for 

wetland IAPS and different environmental variables 

Axes 1 2 3 4 Total inertia 

Eigen values 0.47 0.18 0.02 0.00 1.122 

Length of gradient cumulative 

% 

2.79 2.78 1.50 0.00  

Variance of species data  4.18 57.7 59.2 0.0  

Sum of all Eigen values     1.122 
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Table 5. Canonical Correspondance Analysis (CCA) ordination summary for 

wetland IAPS and environmental variables  

Aves 1 2 3 4 Total Inertia 

Eigen values 0.42 0.32 0.19 0.13 1.122 

Species-environment correlations 0.95 0.86 0.91 0.00  

Cumulative % variance of species data 37.9 66.0 82.7 94.6  

Cumulative % variance of Species-

environment relation 

45.8 79.8 100 0.0  

Sum of all Eigen values     1.122 

Sum of all Canonical Eigen values     0.928 

Table 6. Importance of environmental variables on distribution of wetland IAPS 

analyzed based on CCA analysis F and p values were obtained using Monte 

Carlo Permutation test with 9999 replicates. 

S.N Environmental Variables Abbreviation F-value p-value * 

1. Elevation El 4.185 0.0365 

2. Nitrate Ni 4.034 0.0105 

3. Phosphate Ps 2.932 0.0472 

4. Grazing Gz 1.903 0.1573 

5. Chlorine Cl 1.594 0.2051 

6. Distance from road Dis_rd 1.194 0.2856 

7. Distance from settlement Dis_Set 0.997 0.3802 

8. pH pH 0.113 0.9236 

* Bold letter represents statistically significant values. 
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Figure 9. CCA bipolt for Wetland and environmental variables (Wetlands are 

represented by open circles with number 1- 19 and their names are presented in 

Table 3. Arrows indicate environmental variables that are significantly 

correlated with the distribution of IAPS).  

 

 

 

 

 

 

 

Figure 10. CCA biplot for Environmental Variables and Wetland IAPS. Species 

abbreviations represent concatenated forms of first three letters of generic and 

specific epithet, as presented in Annex (XIII). 
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Approximately, 37.9% variance of species data and 45.8% variance of species- 

environment relationship were explained by axis I while approximately 66% variance 

of species data and 79.8% of variance of species-environment relationship were 

explained by axis 2 (Table 5).  

From CCA diagram, it is clear that wetland far from settlement and at higher 

elevation have low intensity of grazing and chloride concentration is also low.  

Environmental variables like elevation and distance from settlement (Dis_st) and 

phosphate and Distance from road (Dis_rd) showed closer connection with each 

other‗s. Likewise, Chlorine (Cl), pH and grazing also showed nearer correlation with 

each other. This means correlated environmental variables have similar type of 

influence on distribution of aquatic invasive alien plant species. 

CCA diagram showed that the probability of occurrence of Eichhornia crassipes 

(Eic_cra) increases with increase in concentration of nitrate (Ni), chloride (Cl) and 

higher intensity of grazing and decreases with increasing phosphate concentration. 

Whereas, the probability of occurrence of Ipomoea carnea ssp. fistulosa (Ipo_Car) 

seemed to increase with increasing phosphate concentration and in wetlands situated 

nearer to road. The probability of occurrence of Pistia stratiotes (Pis_str) was found 

to be high in wetlands nearer the settlement and in higher concentration of nitrate. 

Pistia stratiotes is also found at higher elevation (Figure 10).  
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CHAPTER 5. DISCUSSION 

5.1 Inventory of Wetland Invasive Alien Species 

It has been found that 26% of the wetlands of Kanchanpur district were highly 

invaded (i.e., Cover of IAPS > 50%) by these IAPS, 42% were moderately invaded 

(cover <50%) and 31% were free of invasion. Eichhornia crassipes, a species that 

falls in list of 100 of the world‘s worst invasive species (Lowe et al., 2000), was 

dominant invasive species in study area by coverage. Several attributes of Eichhornia 

crassipes have contributed to its success as a worldwide invader of aquatic habitat. 

These includes a prolific capacity for multiplication through clonal reproduction, the 

high mobility of its free floating life form (Wright & Purcell 1995) and very high 

growth rates under appropriate environmental conditions (Zhang et al. 2010). Of the 6 

IAPS recorded from different wetlands of Nepal by Shrestha (2019), 4 aquatic 

invasive species were recorded from different wetlands of Kanchanpur district; 

namely, Eichhornia crassipes, Ipomoea carnea ssp. fistulosa, Pistia stratiotes and 

Alternanthera philoxeroides. Almost all invaded wetlands of Kanchanpur district have 

Ipomoea carnea, which is followed by E. crassipes, Pistia stratiotes and 

Alternanthera philoxeroides. These IAPS are also recorded from the different Ramsar 

sites of Nepal. In Ramsar sites of Tarai, Siwalik and middle mountains, the major 

IAPS are Eichhornia crassipes, Ipomoea carnea ssp. fistulosa, Pistia stratiotes and 

Leersia hexandra (Siwakoti & Karki, 2009; Shrestha et al. 2016). Eichhornia 

crassipes, the most damaging wetland IAPS globally has been reported from different 

Ramsar sites of Nepal like Koshi Tappu, Beeshajari and Pokhara lake cluster but not 

from Mai Pokhari, Jagdishpur and Ghodaghodi lakes (Shrestha et al. 2019). 

Eichhornia crassipes is now present on all continents except Antarctica, and has 

invaded all tropical and sub- tropical countries as well as some parts of Mediterranean 

basin (Parsons & Cuthberston; 2011). In India also Eichhornia crassipes and 

Alternanthera philoxeroides are considered as serious aquatic IAPS (Masoodi & 

Farred; 2010).  Alternanthera philoxeroides is known as invasive species in many 

parts of the world (Julien et al. 1995) is originally from South America (Vogt et al. 

1979) and is now widespread throughout the world (Buckingham 1996). In India 

Alternanthera philoxeroides was reported for the first time from Kashmir (Pramod et 

al. 2008).Now, this species has been reported from Assam, Bihar, West Bengal, 
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Tripura, Manipur, Andhra Pradesh, Karnataka, Maha- rashtra, Delhi & Punjab in 

India (Pramod et al. 2008). According to Jha (2017), different aquatic habitat of 

Jharkhand state of India are also infested by different type of aquatic weedy flora like 

Eichhornia crassipes, in association with other plant species like Ipomoea sp., Pistia 

sp., etc. adversely affecting the fish pond and agricultural fields. Similarly, in China, 

Weber (2008), identified 270 IAPS corresponding to 0.9% of the flora of China. In 

China the most widespread species included ornamentals like Ipomoea purpurea. 

According to Wu & Ding (2019), among 55 species of alien aquatic plants in China, 

10 species are invasive such as Eichhornia crassipes, Alternanthera philoxeroides, 

and Pistia stratiotes. Disturbance can enhance the invasion of exotic species by 

increasing the availability of a limiting resources such as light, water or nutrients 

(Hobbs 1989). As these wetlands are disturbed by agricultural runoff, eutrophication, 

flooding; these disturbances helps in the dispersal of IAPS in wetlands and make 

suitable habitat for establishment.  

5.2 Distribution Pattern  

Spatial distribution mapping of IAPS enabled to identify the wetlands invaded by 

IAPS. Spatial information from maps & extensive field work identify Eichhornia 

crassipes as the most problematic species in invaded wetlands. Disturbed ecosystems 

are highly disturbed through grazing, fire and flooding which help in the dispersal of 

seeds and propagules on these ecosystems and make suitable habitat for establishment 

of IAPS (Siwakoti et al. 2016), by increasing the alien and invasive species cover in 

the disturbed habitat (Rodgers & Parker, 2003). Similar to these findings we also 

found that, disturbed wetlands had higher cover of IAPS. Richness of IAPS was high 

in wetlands situated near settlement and roadside is also similar to the finding of 

Spellerberg 1998; Parendes & Jones 2000; Trombulak & Frissell 2000. Roads 

represent the primary pathway for the introduction of alien plant species, especially 

for generalist species, with short life cycles and high reproductive rates. Roadsides act 

as reservoirs of alien plant propagules that can be liberated in disturbance events 

(Parendes & Jones 2000). Elevation and landuse also influences the abundance and 

distribution of IAPS (Pauchard & Alaback, 2004).  Most alien species are invasive in 

human-disturbed landscapes at low elevations (Hobbs 2000). Plant propagules of 

IAPS can also reach to the wetlands at higher elevation and relatively undisturbed 
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environments by natural means of dispersal. Thus wetlands at higher elevation and 

undisturbed environment can also be susceptible to invasion by alien plants (Deferrari 

& Naiman, 1994; Heckman 1999; Stohlgren et al. 1999; Pauchard et al. 2003). 

Similar to these findings, we also found that most of the studied wetlands situated at 

lower elevation are invaded by IAPS and Siddha Sarobar Banda Tal, which is situated 

at higher elevation (i.e., 414 m) in comparison to other wetlands was also found to be 

severely invaded by Pistia stratiotes. 

Wetland IAPS threaten ecosystems due to their excessive growth and have both 

ecological and economic impacts (Husner et al., 2017). To minimize these impacts 

effective management of wetland IAPS is required. Prevention of the introduction of 

IAPS is considered the cost effective management option. The major pathway 

responsible for introduction of Eichhornia crassipes in study area was found to be use 

of this plant as fodder for fishes. There is a lack of awareness among local people and 

stakeholders about the cost of invasive species and the benefits of their prevention and 

control. Thus awareness program for fisherman who are mainly responsible for 

introduction of Eichhornia crassipes to non-invaded wetlands is highly 

recommended. Wetland invasion has influenced the livelihood of the local population 

who are dependent on the goods and services provided by the wetlands. Although, 

wetland IAPS of Kanchanpur district are causing evident damage to ecosystem and 

livelihood of local people, no any science based management of these IAPS has been 

initiated by national and regional government. However, some efforts have been made 

by communities, partners and local government for mechanical removal of 

Eichhornia crassipes in some wetlands (e.g., Kalikich Tal & Baijanath Tal). In Nepal 

physical method has been used to control of wetland IAPS. For example, Eichhornia 

crassipes, Pistia stratiotes, Leersia hexandra are being periodically removed from 

Beeshajari lake system (WWF Nepal, 2013) and Eichhornia crassipes from lake 

cluster of the Pokhara Valley. Use of chemicals for the control of IAPS in natural 

ecosystems has not been observed in Nepal. In agroecosystems, use of glyphosate and 

2, 4-D for Alternanthera philoxeroides (Ranjit, 2013) has been recommended. The 2, 

4-D has been also used to control Ipomoea carnea ssp. fistulosa in Jagdishpur 

Reservoir (Siwakoti & Karki, 2009). In Nepal, biological control agents have not been 

released officially through quarantine screening for any of the IAPS (Shrestha, 2019). 

From the field observation it has been found that Eichhornia crassipes have been 
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spread covering most of the area of wetland in Kalikih Tal, Kulla Tal, Chauka Tal, 

Pyara Tal and Baijanth Tal. So in these wetlands complete eradication of Eichhornia 

crassipes seems impossible. So, we suggest the manual control of Eichhornia 

crassipes in these wetlands to maintain its low cover. But in wetlands like Shova Tal, 

Banda Tal, Puranii Tal, complete eradication of this species may be possible if 

effective management strategies will be applied. Thus it is time to develop and 

implement management strategy for wetland IAPS to prevent their further spread to 

non-invaded wetland and to maintain their low cover in wetlands where they have 

already invaded. Invaded wetlands should be prioritized for management in order to 

reduce its impact and to protect other wetlands of being invaded.  

5.3 Dispersal Pathways 

Dispersal is one of the most important factor in determining a species spatial 

distribution. Human mediated dispersal is a key process in plant invasions and 

identifying and assessing the dispersal pathway helps to set priorities in prevention 

and management (Carlton & Ruiz, 2005; Kowarik and Von der Lippe, 2007; Hulme et 

al. 2008). Global trade (particularly aquarium and ornamental trade) has been 

identified as the major pathway for aquatic alien plant introductions and the rapid 

spread of propagules and/or seedlings of invasive aquatic alien plants caused by trade 

may accelerate their invasions worldwide (Ding et al. 2008). Dispersal pathways for 

Eichhornia crassipes were identified by Focus Group Discussion (FGD). During the 

FGD, we mainly focuses on the time of first introduction of a wetland IAPS in study 

area. The minimum residence time, i.e., the date or the estimated date of introduction 

of an invasive alien plant species is acknowledged to be a highly relevant information 

in plant invasion studies (Pysek & Jarosik 2005, Lambdon et al. 2008). Although the 

exact date of the first introduction of Eichhornia crassipes is unknown in most of the 

wetlands, records of its use as an feed for fishes in Pyara Tal, Banda Tal and Shova 

Tal date back to 24, 23 and 1 years respectively and for ornamental purpose in 

Baijanath Tal about 4 years ago, while in other invaded wetlands i.e., Kalikich, 

Chauka and Kulla Tal the exact date of introduction of Eichhornia is unknown. 

Eichhornia crassipes is used as an ornamental plant in garden ponds. This attribute 

has certainly helped its spread (Center et al. 1999). Species dispersal is one of the 
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major component of invasion process, so for proper management of wetland IAPS we 

need to know their dispersal. 

From prioritization of these dispersal pathways obtained through FGD Eichhornia 

crassipes as a source of food for fishes is the most important pathway of dispersal 

from invaded area to non-invaded area. This shows that Eichhornia crassipes was 

either introduced intentionally (i.e., feed for fishes (16%) & for ornamental value 

(3%)) in some wetlands by local people and fisherman for their benefits and 

accidently (i.e., by flooding (3%)) in some wetlands and introduction was unknown 

for some wetlands (i.e., 3%). (Fig. 5). In China also the most widespread wetland 

invasive species were introduced intentionally for Ornamental purpose or for other 

benefits. For example, three aquatic IAPS Alternanthera philoxeroides, Eichhornia 

crassipes and Pistia stratiotes have been planted extensively throughout China in the 

1950s because they were regarded as beneficial (Ding & Xie, 1996). Thus the 

distribution of any plant species cannot be understood without knowing their history.  

After the wide spread of Eichhornia crassipes local peoples and fisherman have 

realized the negative impact of this species and physical removal has been practiced 

in some wetlands. But due to its prolific capacity for multiplication and high growth 

rate as well as its higher capacity to regenerate and spread, this is not being effective 

for its control. Similar techniques are also practiced in other wetlands of Nepal. For 

example, Eichhornia crassipes is being periodically removed from Bishajari lake 

system (a Ramsar site) of Chitwan, Phewa and Begnas lake of Pokhara valley, 

Taudaha of Kirtipur municipality in Kathmandu valley, etc. (Shrestha, 2016). 

It has been found that local peoples are accelerating intentional introduction of IAPS 

for ornamental purpose, feeding fishes and also to prevent soil erosion. According to 

Wu & Ding (2019), 55 aquatic alien plant species were intentionally introduced into 

china for different purposes like ornamental, aquatic landscaping, water purification 

and forage through human involvement. However, 10 species among them (nearly 

18%) later became invaders i.e., Alternanthera philoxeroides, Eichhornia crassipes, 

Pistia stratiotes, Myriophyllum aquaticum, etc. Among these Alternanthera 

philoxeroides, which is considered as one of the worst invader, has invaded 18 

provinces followed by Eichhornia crassipes, which has invaded 16 provinces, Pistia 

stratiotes and Myriophyllum aquaticum also have wide distributions and occur in 
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more than nine provinces, while in Nepal Myriophyllum aquaticum has been only 

reported from Kathmandu valley (Shrestha, 2016). Introduction of IAPS for 

ornamental purpose and for preventing soil erosion was also recorded in China. In 

expanding its horticultural industry, China introduced about 150 Ornamental plant 

species between 1997 and 2001 (Xu and Qiang 2004). A field survey from 2001 to 

2002 indicated that 11 of these ornamental plant species had already escaped in 

Shanghi Suburb (Yin et al. 2003). Reichard 1997, also recorded introduction of 

majority of IAPS for ornamental purpose and few were for soil erosion control in 

United States. Species such as Eichhornia crassipes were introduced for aquatic 

gardening and escaped with serious consequences (Williams 1980). Because of the 

interconnected nature of many aquatic systems, species can spread quickly and 

become very expensive to control. Participants of FGDs were unaware of the 

dispersal pathway of the remaining three species, namely; A. philoxeroides, Ipomoea 

carnea ssp. fistulosa and P. stratiotes. However, intentional introduction of P. 

stratiotes for ornamental values and I. carnea ssp. fistulosa for controlling soil erosion 

along roadside and as hedge plant in agroecosystem have been reported in different 

parts of Nepal (Shrestha, 2016). It appears that local people and stakeholders in the 

study area were not aware of the environmental damage that E. crassipes would have 

after its introduction in wetlands. Inability of FGD participants to explain the 

introduction pathways of three of the four IAPS found in the study areas would also 

mean that local people do not pay much attention to the spread of these IAPS. 

Therefore, awareness program on introduction, dispersal, impact of IAPS and their 

prevention measures can play important role in preventing the introduction and spread 

of IAPS.  

 Thus, researchers should examine primary pathways of species introduction and local 

peoples should be aware of these pathways and impacts to prevent introduction of 

IAPS and their further spread. 

5.4 Major Drivers 

In the present study cover of IAPS shows a significant relation (p<0.05) with certain 

environmental variables such as elevation (p= 0.0365), nitrate (p= 0.0105), phosphate 

(p= 0.0472) (Table 5). Thus we found that these parameters were primarily associated 

with the distribution of aquatic invasive alien plant species in the study area. We 
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found that the cover of IAPS in the study area increases with increasing grazing is 

similar to finding of Anderson et al. (2015). The probability of occurrence of IAPS 

increases with decreasing distance from settlement area is similar to finding of Seipel 

et al., 2012. Land use, disturbance and climate are driving factors of alien plant 

invasion (Lonsdale 1999). The most relevant predictors of wetland invasion include 

factors that influence water quality and proximity to roads (Buchan and Padilla 2000); 

distance to nearest waterway, lake size and lake depth (Roley and Newman 2008); 

debris (Maezo et al. 2010); and native species present (Oslon et al. 2012). Although 

the environmental variables such as distance from road and distance from settlement 

affect the abundance and distribution of IAPS, in our study we found that these 

factors have relatively less effect to explain the distribution of IAPS in comparison to 

other environmental variables in wetlands. This finding is Similar to the finding of 

Bellerd et al. (2016). However, Bellerd et al. (2016), concluded that these 

environmental variables are important predictors for terrestrial invertebrates and 

plants.  

Nitrate and Phosphate concentration of different wetlands of Kanchanpur district were 

examined to assess the effects of invasion on nitrate and phosphate concentration of 

wetlands. Increase of soil nutrients is contributing to the invasion by exotic plants 

(King & Buckney, 2002). In plant communities, nutrient enrichment of soil can 

increase susceptibility to invasion of exotic plants directly, independent of physical 

disturbance (Huenneke et al. 1990). Our result shows that cover of Eichhornia 

crassipes and Pistia stratiotes increase with increase in nitrate concentration of 

wetland water and cover of Ipomoea carnea ssp. fistulosa is found to be higher with 

increasing phosphate concentration of wetland water. Similar to our finding Nicholas 

et al. (2006), also found that sediments in the invaded wetland showed higher 

concentrations of soluble nutrients, including ammonium, nitrate and phosphate. 

Increased soil phosphorus creates conditions suitable for exotic invasion (Rose & Fair 

Weather 1997). A field survey in Southeast China found that Alternanthera 

philoxeroides dominates in microhabitats with high soil nutrients and water 

availability, whereas the cover of its native congeners A. sessilis was relatively high in 

habitats with low soil nutrient and water availability. High resource availability 

therefore appear to facilitate by Alternanthera philoxeroides (Pan et al. 2006). 

Elevation is an important indicator of microclimatic variation which may 
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physiologically constrain alien plant invasion (Forcella & Harvey 1983; Wilson et al. 

1992). Similar to this, our result also indicate that low elevation areas are more 

invaded than higher ones. Of the all studied wetlands, only one wetland (i.e., Siddha 

Sarobar Banda Tal) situated at higher elevation was found to be invaded by wetland 

IAPS (Pistia stratiotes). Richard et al. (2013) also found lake elevation as important 

predictor of IAPS richness. They also found that changing level of runoff, infiltration, 

temperature and nutrients (Phosphorus and nitrogen) amplify lake invaders. 

5.5 Implications for management 

Compiling alien species for a given country has proved to be a useful approach for 

understanding plant invasion pattern (Khuroo et al. 2007) and is the first step towards 

developing a management strategy for invasive species. Inventory and spatial 

mapping of IAPS with their potential dispersal pathway and drivers are necessary to 

draw a conclusions on the invasion process. There is a lack of awareness among local 

people and stakeholders about the impact of IAPS and benefit of their prevention and 

control. Thus an increase of awareness and knowledge of invasive species in Nepal is 

pre-requisite for setting up a national, regional and local management strategy. 

Intensified research on the ecology of invasive species in Nepal and the development 

of proper control techniques seems necessary. There is unavailability of data 

regarding diversity, potential dispersal pathways, major drivers as well as their 

impacts of IAPS in freshwater ecosystems and management practices are also limited 

to mechanical removal only. This study provides detailed information on diversity, 

distribution, potential dispersal pathways and drivers of introduction IAPS in study 

area which are required for the long term and systematic management planning in 

wetlands.  
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CHAPTER 6. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

Four wetland IAPS were recorded from different wetlands of Kanchanpur district. 

Eichhornia crassipes and Ipomoea crassipes ssp. fistulosa were found to be most 

abundant IAPS in study area. It has been found that 26% of the wetlands of 

Kanchanpur district were highly invaded (i.e., Cover of IAPS >50%) by these IAPS, 

42 % were moderately invaded (Cover < 50%) and 31% were free of invasion. Of the 

severely invaded wetlands all are situated at lower elevation except Siddha Sarobar 

Banda Tal which is situated at 414m was severely invaded by Pistia stratiotes. Spatial 

distribution of IAPS in different wetlands is useful for identification of the highly 

invaded wetland. The major factors responsible for distribution of wetland IAPS were 

also identified. Elevation, phosphate and nitrate concentration of wetland water were 

found to be the major drivers of wetland invasion with significant p- value (p< 0.05). 

Intentional introduction of Eichhornia crassipes as a fodder for fishes was found to be 

major dispersal pathway (16%), followed by introduction for ornamental purpose, 

accidently by flooding each with 3% and for some wetland dispersal of Eichhornia 

crassipes was unknown. Our analysis provides empirical evidence that the 

introduction and spread of aquatic invaders is impacted by a multitude of 

environmental parameters and anthropogenic activities. Thus, effective early detection 

and rapid response program are essential for proper management of IAPS. 

6.2 Recommendations  

Based on the result of the study, this work strongly recommend the following points 

to control plant invasions in wetlands and management of IAPS in wetlands. 

 Since intentional introduction by fish farmers was found to be a major dispersal 

pathway of Eichhornia crassipes in the study area, educating these and other 

local communities of the potential risks associated with IAPS introduction is 

highly recommended to prevent IAPS invasion in the IAPS-free wetlands. 

 Our data revealed that eutrophic lakes with high nutrient content were likely to 

have high abundance of IAPS. Thus, any effort to prevent wetland eutrophication 

is recommended, which may also indirectly help in IAPS control. 
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 Season round removal of IAPS should be practiced to reduce abundant cover of 

IAPS in wetlands.  

 Regular monitoring should be carried out in wetlands so as to prevent the 

introduction of IAPS in non-invaded wetlands and to reduce the cover of IAPS in 

invaded wetlands. 

 The community based education materials related to biological invasion should be 

promoted by the national and local government. 

  



 
 

46 

 

REFRENCES 

Anderson, L.G., Rocliffe, S., Haddaway, N.R., & Dunn, A.M. (2015). The role of 

tourism and recreation in the spread of non-native species: a systematic review and 

meta-analysis. PLOS ONE, 10, 1-8. doi:10.1371/journal.pone.0140833 

Araujo, M. B., & Luoto, M. (2007). The importance of biotic interactions for 

modelling species distributions under climate change. Global Ecology and 

Biogeography, 16(6), 743-753. 

Bellard, C., Leroy, B., Thuiller, B.,  Rysman, J.F., & Courchamp, F. (2016). Major 

drivers of invasion risks throughout the world. Ecosphere, 7(3). doi: 

10.1002/ecs2.1241. 

Bhandari, B. 1998. An Inventory of Nepal’s Terai wetlands. IUCN- The World 

Conservation Union, Nepal. Kathmandu. 

Blackburn, T. M., Essl, F., Evans, T., Hulme, P. E., Jeschke, J. M., Kühn, I., & Pergl, 

J. (2014). A unified classification of alien species based on the magnitude of their 

environmental impacts.  PLOS Biology, 12(5). doi: 10.1371/journal.pbio.1001850   

Blackburn, T. M., Pysek, P., Bacher, S., Carlton, J. T., Duncan, R. P., Jarosik, V., & 

Richardson, D.M. (2011). A proposed unified framework for biological 

invasions. Trends in Ecology & Evolution, 26(7), 333-339. 

Bradley, B. A., & Marvin, D. C. (2011). Using expert knowledge to satisfy data 

needs: mapping invasive plant distributions in the western United States. Western 

North American Naturalist, 71(3), 302-316. 

Buchan, L. A., & Padilla, D. K. (2000). Predicting the likelihood of Eurasian 

watermilfoil presence in lakes, a macrophyte monitoring tool.  Ecological 

Applications, 10(5), 1442-1455. 

Buckingham, G.R. (1996). Biological control of alligator weed, Alternanthera 

philoxeroides, the world‘s first aquatic weed success story. Castanea, 61, 232–243 

https://doi.org/10.1371/journal.pbio.1001850


 
 

47 

 

Carlton, J. T., & Ruiz, G. M. (2005). Vector science and integrated vector 

management in bioinvasion ecology: conceptual frameworks, In Eds.: Mooney, H.A., 

Mack, R.N., McNeely, J.A., Nevile, L.E; Schei, P.J. and Waage J.K. Invasive Alien 

Species, A New Synthesis, Island Press, pp 36-58. 

Carlton, J.T., & Ruiz, G.M. (2005). Vector science and integrated vector management 

in bioinvasion ecology: conceptual frameworks. In Eds.: Mooney, H.A., Mack, R.N., 

McNeely, J.A., Neville, L.E., Schei, P.J., Waage, J.K. Invasive alien species. Island 

Press Washington, DC. pp 36–58. 

 Catford, J. A., Downes, B. J., Gippel, C. J., & Vesk, P. A. (2011). Flow regulation 

reduces native plant cover and facilitates exotic invasion in riparian wetlands. Journal 

of Applied Ecology, 48(2), 432-442. 

CBD (2000). Decision V/8. Alien species that threaten ecosystems, habitats or 

species. UNEP/CBD/COP/5/8.- United Nations Environment Program/ Convention 

on Biological Diversity/ Conference of Parties 5. Secretariat of the Convention on 

Biological Diversity, Nairobi, Kenya.   

CBD (2014). Pathways of Introduction of Invasive Species, Their Prioritization and 

Management. UNEP/CBD/SBSTTA/18/9/Add.1. Montreal: Secretariat of the 

Convention on Biological Diversity (CBD). 

Center, T.D., Dray, F.J., Jubinsky, G.P., & Grodowitz, M.J. (1999) Biological control 

of water hyacinth under conditions of maintenance and management: can herbicides 

and insects be integrated? Environmental Management, 23, 241–256. 

Chytry, M., Wild, J., Pysek, P., Jarosik, V., Dendoncker, N., Reginster, I., & Kuhn, I. 

(2012). Projecting trends in plant invasions in Europe under different scenarios of 

future land use change. Global Ecology and Biogeography, 21(1), 75-87. 

Clout, M. N., & Williams, P. A. (Eds.). (2009). Invasive Species Management: A 

Handbook of Principles and Techniques. Oxford University Press. New York, USA 

Dalmazzone, S., & Giaccaria, S. (2014). Economic drivers of biological invasions:A 

worldwide, bio-geographic analysis. Ecological Economics, 105, 154-165. 



 
 

48 

 

Daubenmire, R. (1959). A canopy-coverage method of vegetation analysis, North 

West Science, 33, 39-64 

De Ferrari, C. M., & Naiman, R. J. (1994). A multi scale assessment of the occurrence 

of exotic plants on the Olympic Peninsula, Washington. Journal of Vegetation 

Science, 5(2), 247-258. 

Ding, J. Q., Mack, R. N., Lu, P., Ren, M. X., & Huang, H. W. (2008). China‘s 

booming economy is sparking and accelerating biological invasions. BioScience, 58, 

317–324.doi:10.1641/B580407 

Ding, J.Q., & Xie, Y. (1996). The mechanism of biological invasion and the 

management strategy. In Eds.: Schei, P.J., Sung, W., Yan, X. Conserving China’s 

biodiversity. China Environmental Science Press, Beijing. pp 125–156 

DOAD (1992). National Fisheries Development Plan, 1992/93.Fisheries Development 

Division, Department of Agriculture Development (DADO), Kathmandu, Nepal. 

DoF (2017). Wetlands of Western Nepal: A brief profile of Selected Lakes. Department of 

Forests, Babarmahal, Kathmandu, Nepal 

Doods, W.K., Wilson, K.C., Rehmire, R.L., Knight, G.L., Wiggaams, S., Flke, J.A., 

Dalgleish, H.J., & Bertrand, K. N. (2008). Comparing ecosystem goods and services 

provided by restored and native lands. BioSciences, 58(9), 837- 845. 

Dudgeon, D., Arthington, A. H., Gessner, M. O., Kawabata, Z. I., Knowler, D. J., 

Leveque, C., & Sullivan, C. A. (2006). Freshwater biodiversity: importance, threats, 

status and conservation challenges. Biological Reviews, 81(2), 163-182. 

Dukes, J. S., & Mooney, H. A. (1999). Does global change increase the success of 

biological invaders? Trends in Ecology & Evolution, 14(4), 135-139. 

Elton, C. S. (1958). The Ecology of Invasions by Animals and Plants. University of 

Chicago Press, Chicago. 



 
 

49 

 

Essl, F., Bacher, S., Genovesi, P., Hulme, P. E., Jeschke, J. M., Katsanevakis, S., & 

Schindler, S. (2018). Which taxa are alien? Criteria, applications, and 

uncertainties. BioScience, 68(7), 496-509. 

Essl, F., Dullinger, S., Rabitsch, W., Hulme, P. E., Hulber, K., Jarosik, V., & Vila, M. 

(2011). Socioeconomic legacy yields an invasion debt. Proceedings of the National 

Academy of Sciences, 108 (1), 203-207. 

Ficetola, G. F., Thuiller, W., & Miaud, C. (2007). Prediction and validation of the 

potential global distribution of a problematic alien invasive species—the American 

bullfrog. Diversity and Distributions, 13(4), 476-485. 

Gaertner, M., Den Breeyen, A., Hui, C., & Richardson, D. M. (2009). Impacts of alien 

plant invasions on species richness in Mediterranean-type ecosystems: a meta-

analysis. Progress in Physical Geography, 33(3), 319-338. 

Galatowitsch, S. M., Anderson, N. O., & Ascher, P. D. (1999). Invasiveness in 

wetland plants in temperate North America. Wetlands, 19(4), 733-755. 

Gallardo, B., Zieritz, A., & Aldridge, D. C. (2015). The importance of the human 

footprint in shaping the global distribution of terrestrial, freshwater and marine 

invaders. PlOS ONE, 10(5). doi:10.1111/j.1472-4642.2010.00652.x    

Gallien, L., Münkemuller, T., Albert, C. H., Boulangeat, I., & Thuiller, W. (2010). 

Predicting potential distributions of invasive species: where to go from 

here? Diversity and Distributions, 16(3), 331-342. 

Galloway, J. N., Townsend, A. R., Erisman, J. W., Bekunda, M., Cai, Z., Freney, J. 

R., & Sutton, M. A. (2008). Transformation of the nitrogen cycle: recent trends, 

questions, and potential solutions. Science, 320(5878), 889-892. 

Hastwell, G.T., Daniel, A.J., & Vivian-Smith, G. (2008). Predicting invasiveness in 

exotic species: do subtropical native and invasive exotic aquatic plants diff er in their 

growth responses to macronutrients? Diversity and Distribution, 14, 243–251. doi: 

10.1111/j.1472-4642.2007.00367.x  

https://doi.org/10.1111/j.1472-4642.2010.00652.x


 
 

50 

 

Heckman, C. W. (1999). The encroachment of exotic herbaceous plants into the 

Olympic National Forest. Northwest Science, 73 (4), 264-276. 

Hejda, M., Pysek, P., & Jarosik, V. (2009). Impact of invasive plants on the species 

richness, diversity and composition of invaded communities. Journal of 

Ecology, 97(3), 393-403. 

Hobbs, Richard J. (1989). The nature and effects of disturbance relative to invasions. 

In Eds.: Drake, J. A.; Mooney, H. A.; Di Castri, F.; Groves, R. H.; Kruger, F. J.; 

Rejmanek, M.; Williamson, M. Biological Invasions: A Global Perspective. New 

York: John Wiley & amp. 389-405. doi:102.100.100/260060  

Hodkinson, D. J., & Thompson, K. (1997). Plant dispersal: the role of man. Journal of 

Applied Ecology 34, 1484-1496. doi: 10.2307/2405264   

 Hornoy, B., Tarayre, M., Herve, M., Gigord, L., & Atlan, A., (2011). Invasive Plants 

and Enemy Release: Evolution of Trait Means and Trait Correlations in Ulex 

europaeus. PLOS ONE, 6(10). doi:10.1371/journal.pone.0026275    

Huenneke, L. F., Hamburg, S. P., Koide, R., Mooney, H. A., & Vitousek, P. M. 

(1990). Effects of soil resources on plant invasion and community structure in 

Californian serpentine grassland. Ecology, 71(2), 478-491. 

Hulme, P. E. (2009). Trade, transport and trouble: managing invasive species 

pathways in an era of globalization. Journal of Applied Ecology, 46(1), 10-18. 

Hulme, P. E., Bacher, S., Kenis, M., Klotz, S., Kühn, I., Minchin, D., & Pysek, P. 

(2008). Grasping at the routes of biological invasions: a framework for integrating 

pathways into policy. Journal of Applied Ecology, 45(2), 403-414. 

Hulme, P.E., Bacher, S., Kenis, M., Klotz, S., Kuhn, I., Minchin, D., Nentwig, W., 

Olenin, S., Panov, V., Pergl, J., Pysek, P., Roque, A., Sol, D., Solarz, W., & Vila, M. 

(2008) Grasping at the routes of biological invasions: a framework for integrating 

pathways into policy. Journal of Applied Ecology, 45, 403–414. doi: 10.1111/j.1365-

2664.2007.01442.x 

http://hdl.handle.net/102.100.100/260060


 
 

51 

 

IPBES (2016). Summary for policymakers of the assessment report of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 

on pollinators, pollination and food production. In Eds.: Potts, S.G., Ngo, H.L., 

Biesmeijer, J.C., Breeze, T.D., Dicks, L.V., Garibaldi, L.A., Hill, R., Settele, J., 

Vanbergen, A. secretariat of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services, Bonn, Germany, 2016 . Available from 

www.ipbes.net/sites/default/files/downloads/pdf/spmdeliverable_3a_pollination_2017

0222.pdf 

ICIMOD (2010). Mountains of the world—ecosystem services in a time of global 

and climate change: seizing Opportunities—meeting challenges. Framework paper 

prepared for the Mountain Initiative of the Government of Nepal by ICIMOD and 

the Government of Nepal. Ministry of Forests and Environment. 

IUCN (2000). Guidelines for the Prevention of Biodiversity Loss Caused by Alien 

Invasive Species. International Union for the Conservation of Nature (IUCN) Gland, 

Switzerland. 

IUCN Nepal (2004). A Review of the Status and Threats to Wetlands in Nepal. 

International Union for Conservation of Nature, Kathmandu, Nepal. 

Jakubowski, A. R., Casler, M. D., & Jackson, R. D. (2010). The benefits of harvesting 

wetland invaders for cellulosic biofuel: an ecosystem services 

perspective. Restoration Ecology, 18(6), 789-795 

Jescheke, J.M. & Strayer, D.L. (2014). General hypotheses in invasion ecology. 

Diversity and Distributions, 20 (11) 1229-1234. 

Jha, H.K. (2017). Infestation of aquatic weeds: A serious threat. The Journal of Indian 

Botanical Society, 96 (1&2), 100-104. 

Julien, M., Skarratt, B., & Maywald, G. (1995). Potential geographical distribution of 

alligator weed and its biological control by Agasicles hygrophila. Journal of Aquatic 

Plant Management 33, 55–60 

http://www.ipbes.net/sites/default/files/downloads/pdf/spmdeliverable_3a_pollination_20170222.pdf
http://www.ipbes.net/sites/default/files/downloads/pdf/spmdeliverable_3a_pollination_20170222.pdf


 
 

52 

 

KC, J. K., Gurung, K. D., & Shrestha, P. D. (2013). Lowland Wetlands in Nepal. The 

Initiation, 5, 182-193. 

Keller, R. P., Zu Ermgassen, P. S., & Aldridge, D. C. (2009). Vectors and timing of 

freshwater invasions in Great Britain. Conservation Biology, 23(6), 1526-1534. 

Kelly, R., Lundy, M. G., Mineur, F., Harrod, C., Maggs, C. A., Humphries, N. E., & 

Reid, N. (2014). Historical data reveal power‐ law dispersal patterns of invasive 

aquatic species. Ecography, 37(6), 581-590. 

Kettenring, K. M., McCormick, M. K., Baron, H. M., & Whigham, D. F. (2011). 

Mechanisms of Phragmites australis invasion: feedbacks among genetic diversity, 

nutrients, and sexual reproduction. Journal of Applied Ecology, 48(5), 1305-1313. 

Kharouba, H. M., McCune, J. L., Thuiller, W., & Huntley, B. (2013). Do ecological 

differences between taxonomic groups influence the relationship between species‘ 

distributions and climate? A global meta‐ analysis using species distribution 

models. Ecography, 36(6), 657-664. 

Khuroo, A.A., Rashid, I., Reshi, Z., Dar, G.H., & Wafai, B.A. (2007). The alien flora 

of Kashmir Himalaya. Biological Invasions, 9: 269–292 

Kowarik, I. (2003). Human agency in biological invasions: secondary releases foster 

naturalization and population expansion of alien plant species. Biological 

Invasions, 5(4), 293-312. 

Kowarik, I., & von der Lippe, M. (2007). Pathways in plant invasions. In Ed.: 

Nentwig, W. Biological invasions, Ecological Studies Springer Berlin, (193) pp 29–

47. doi: 10.1007/978-3-540-36920-2_3 

Labajos, B.R., Binimelis, R. & Monesterroso, I. (2009). Multi-level driving forces of 

biological invasion. Ecological Economics, 69: 63-75. 

Le Maitre, D.C., Versfeld, D.B., & Chapman, R.A. 2000. Impact of invading alien 

plants on surface water resources in South Africa: a preliminary assessment. Water 

Research Commission, 26(3),97-408. 



 
 

53 

 

Levine, J. M., & D Antonio, & C. M. (2003). Forecasting biological invasions with 

increasing international trade. Conservation Biology, 17(1), 322-326. 

Lin, W., Zhou, G., Cheng, X., & Xu, R. (2007). Fast economic development 

accelerates biological invasions in China. PLOS ONE, 2(11). doi: 10.1371.0001208.    

Liu, J., & Diamond, J. (2005). China's environment in a globalizing 

world. Nature, 435(7046), 1179 -1186. 

Lodge, D. M. (1993). Biological invasions: lessons for ecology. Trends in Ecology & 

Evolution, 8(4), 133-137. 

Lowe, S., Browne, M., Boudjela, S. & De Poorter, M. (2000). 100 of the World's 

Worst Invasive Alien Species. A Selection from the Global Invasive Species Specialist 

Group (ISSG). World Conservation Union (IUCN), New Zealand.  

LRMP (1986). Forestry land use report Mimeograph. Topographical Survey Branch, 

Kathmandu.   

Maezo, M. J., Fournier, H., & Beisner, B. E. (2010). Potential and realized 

interactions between two aquatic invasive species: Eurasian watermilfoil 

(Myriophyllum spicatum) and rusty crayfish (Orconectes rusticus). Canadian Journal 

of Fisheries and Aquatic Sciences, 67(4), 684-700. 

Maki, K., & Galatowitsch S., 2004. Movement of invasive aquatic plants into 

Minnesota (USA) through horticultural trade. Biological Conservation, 118, 389-396. 

Masoodi, A., & Khan, F.A. (2012). Invasion of alligator weed (Alternanthera 

philoxeroides) in Wular Lake, Kashmir, India. Aquatic Invasions, 7 (1), 143-146. 

Mattingly, W. B., & Orrock, J. L. (2013). Historic land use influences contemporary 

establishment of invasive plant species. Oecologia, 172(4), 1147-1157. 

MFSC (2014). Nepal Biodiversity Strategy and Action Plan (2004– 2014). Ministry of 

Forest and Soil Conservation, Government of Nepal, Kathmandu, Nepal. 



 
 

54 

 

Olden, J. D., McCarthy, J. M., Maxted, J. T., Fetzer, W. W., & Vander Zanden, M. J. 

(2006). The rapid spread of rusty crayfish (Orconectes rusticus) with observations on 

native crayfish declines in Wisconsin (USA) over the past 130 years. Biological 

Invasions, 8(8), 1621-1628. 

Olson, E. R., Ventura, S. J., & Zedler, J. B. (2012). Merging geospatial and field data 

to predict the distribution and abundance of an exotic macrophyte in a large 

Wisconsin reservoir. Aquatic Botany, 96(1), 31-41. 

Pan, X.Y., Geng, Y.P., Zhang, W.J., Li, B., & Chen, J.K. (2006). The influence of 

abiotic stress and phenotypic plasticity on the distribution of invasive Alternanthera 

philoxeroides along a riparian zone. Acta Oecologica 30: 333–341. doi: 

10.1016/j.actao.2006.03.003 

Pant, G., & Yadav, R. K. (2014). Plant resource and utilization: a case study in 

kanchanpur district, far-western Tarai, Nepal. Ecoprint: An International Journal of 

Ecology, 20, 89-95. doi:10.3126/eco.v20i0.11470  

Parsons, W.T., & Cuthbertson, E.G. (2001). Noxious Weeds of Australia: 

Commonwealth Scientific and Industrial Research Organization. Collingwood, 

Australia. 

Pauchard, A., & Alaback, P.B. (2004). Influence of elevation, land use, and landscape 

context on patterns of alien plant invasions along roadsides in protected areas of 

South Central Chile. Conservation Biology, 18: 238-248 

Pieterse, A. H. (1989). Aquatic weeds: the ecology and management of nuisance 

aquatic vegetation. Introduction. In: International Information System for the 

Agricultural Science and Technology (AGRIS). Oxford University Press, 

Washington, D.C., USA. 

Pimentel, D., Lach, L., Zuniga, R., & Morrison, D. (2000). Environmental and 

economic costs of nonindigenous species in the United States. BioScience, 50 (1), 53-

66. 

https://doi.org/10.3126/eco.v20i0.11470


 
 

55 

 

Poudyal, L. P., Singh, P. B., & Maharjan, S. (2008). Status and distribution of Bengal 

Florican Houbaropsis bengalensis in Nepal, 2007. Report to the Oriental Bird Club, 

UK and the Club, 300. Foundation for Bird Protection, Sweden. Department of 

National Parks and Wildlife Conservation, and Bird Conservation Nepal, Kathmandu. 

Pramod, K., Sanjay, M., & Satya, N. (2008). Alternanthera philoxeroides (Mart.) 

Griseb. An addition to Uttar Pradesh. Journal of Indian Botanical Society, 87(3/4): 

285–286 

Pysek, P., & Hulme, P. E. (2005). Spatio-temporal dynamics of plant invasions: 

linking pattern to process. EcoScience, 12(3), 302-315. 

Pysek, P., Jarosik, V., Hulme, P. E., Kuhn, I., Wild, J., Arianoutsou, M., & Genovesi, 

P. (2010). Disentangling the role of environmental and human pressures on biological 

invasions across Europe. Proceedings of the National Academy of Sciences, 107(27), 

12157-12162. 

Pysek, P., Richardson, D. M., Rejmanek, M., Webster, G. L., Williamson, M., & 

Kirschner, J. (2004). Alien plants in checklists and floras: towards better 

communication between taxonomists and ecologists. Taxon, 53(1), 131-143. 

Rai, D. N., & Munshi, J. D. (1979). The influence of thick floating vegetation (Water 

hyacinth: Eichhornia crassipes) on the physico—chemical environment of a fresh 

water wetland. Hydrobiologia, 62(1), 65-69. 

Rai, R. K., Scarborough, H., Subedi, N., & Lamichhane, B. (2012). Invasive plants–

Do they devastate or diversify rural livelihoods? Rural farmers‘ perception of three 

invasive plants in Nepal. Journal for Nature Conservation, 20(3), 170-176. 

Raizada, P., Raghubanshi, A. S., & Singh, J. S. (2008). Impact of invasive alien plant 

species on soil processes: A review. Proceedlings of the National Academy of 

Sciences, India, Section B: Biological Sciences, 78:288-298. 

Rajbhandari, K.R., Thapa Magar, M.S., Kandel, D.R. & Khanal, C. 2016. Plant 

Resources of Kailali, West Nepal. District Plant Resources Office, Kailali, Nepal. 



 
 

56 

 

Ranjit, J.D., (2013). Alternanthera philoxeroides: ecology and management [Leaflet]. 

Agronomy Division, Nepal Agriculture Research Council (NARC), Lalitpur 

Ravit, B., Ehrenfeld, J. G., & Haggblom, M. M. 2003. A comparison of sediment 

microbial communities associated with Phragmites australis and Spartina alterniflora 

in two brackish wetlands of New Jersey. Estuaries, 26, 465–474. 

Richard, R.S., Rapp, C.J., & Yakubov, A.D., 2013. Examining patterns of aquatic invasions 

with the Adirondacks: an OLS and GLM approach. Middle State Geographer, 46: 1-11. 

Richardson, D. M., & Van Wilgen, B. W. (2004). Invasive alien plants in South 

Africa: how well do we understand the ecological impacts?  Working for water. South 

African Journal of Science, 100(1-2), 45-52. 

Richardson, D. M., Pysek, P., Rejmanek, M., Barbour, M. G., Panetta, F. D., & West, 

C. J. (2000). Naturalization and invasion of alien plants: concepts and 

definitions. Diversity and Distributions, 6(2), 93-107. 

Rodgers III, J.C., & Parker, K.C. (2003). Distribution of alien plant species in relation 

to human disturbance on the Georgia Sea Islands. Diversity and Distributions, 9, 385-

398 

Roley, S. S., & Newman, R. M. (2008). Predicting Eurasian watermilfoil invasions in 

Minnesota. Lake and Reservoir Management, 24(4), 361-369. 

Rose, S., & Fairweather, P. G. (1997). Changes in floristic composition of urban 

bushland invaded by Pittosporum undulatum in northern Sydney, 

Australia. Australian Journal of Botany, 45(1), 123-149. 

Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R.,  & 

Leemans, R. (2000). Global biodiversity scenarios for the year 

2100.Science, 287(5459), 1770-1774. 

Seebens, H., Gaetner, M. T., Blasius, B., & Courchamp, F. (2013). The risk of marine 

bioinvasion caused by global shipping. Ecology Letters, 16(6), 782-790. 



 
 

57 

 

Seipel, T., Kueffer, C., Rew, L.J., Daehler, C.C., Pauchard, A., Naylor, B.J., 

Alexander, J.M., Edwards, P.J., Parks, C.G., Arevalo, J.R., Cavieres, L.A., Dietz, H., 

Jakobs, G., Mc  Dougall, K. Otto, R. & Walsh, N. (2012). Process at multiple scales 

affect richness and similarity of non-native plant species in mountains around the 

world. Global Ecology and Biogeography, 21, 236-246.  

Sharma, G.P., Esler, K.J., & Blignaut, J.N. (2010) Determining the relationship 

between invasive alien species density and a country‘s socio-economic status. South 

African Journal of Science, 106, 38–43. 

Shrestha, B. B. (2016). Invasive alien plant species in Nepal. In Eds.: Jha PK, 

Siwakoti M. and Rajbhandary S. Frontiers of Botany. Central Department of Botany, 

Tribhuvan University, Kirtipur, Kathmandu. pp 269-284 

Shrestha, B.B. (2019). Management of invasive alien plants in Nepal: Current 

practices and future prospects. In Eds.: Garkoti, S.C., Bolem, SJ. V., Fule, P.Z., 

Semwal, R.L. Tropical ecosystems and challenges in the face of global change. 

Springer Nature Singapore Pte. Ltd. pp 52-68. doi: 10.1007/978-981-13-8249-9_4  

Shrestha, B.B., Budha, P.B., Pagad, S. & Wong, L.J. (2017). Global Register of 

Introduced and Invasive Species- Nepal, Invasive Species Specialist Group ISSG. 

Checklist Dataset https://doi.org/10.15468/4rokkr accessed via GBIF org (also 

available on: http://griis.org/)  

Shrestha, B.B., Shrestha, U.B., Sharma, K.P., Thapa-parajuli, R.B., Devkota, A., & 

Siwakoti, M., 2019. Community perception and prioritization of invasive alien plants 

in Chitawan-Annapurna Landscape, Nepal. Journal of Environmental Management, 

229,38-47. 

Simberloff, D. (1996). Impacts of introduced species in the United 

States. Consequences, 2(2), 13-22. 

Simberloff, D., Parker, I. M., & Windle, P. N. (2005). Introduced species policy, 

management, and future research needs. Frontiers in Ecology and the 

Environment, 3(1), 12-20. 

https://doi.org/10.1007/978-981-13-8249-9_4


 
 

58 

 

Siwakoti, M., & Karki, J.B., (2009). Conservation status of Ramsar sites of Nepal 

Tarai: an overview. Botanica Orientalis, 6,76–84 

Siwakoti, M., Shrestha, B.B., Devkota, A., Shrestha, U.B., Thapa, R.B., & Sharma, 

K.P. (2016). Assessment of the effects of climate change on the distribution of 

invasive alien plant species in Nepal. In Eds.:  Bhuju, D., McLaughlin, K., Sijapati, J., 

Devkota, B., Shrestha, N., Ghimire, G.P. and Neupane, P.K. Building Knowledge for 

Climate Resilience in Nepal: Research Brief. Nepal Academy of Science and 

Technology (NAST), Kathmandu, Nepal. Pp 5-8 

Sousa, R., Morais, P., Dias, E., & Antunes, C. (2011) Biological invasions and 

ecosystem functioning: time to merge. Biological Invasions, 13, 1055–1058 

Spear, D., Foxcroft, L. C., Bezuidenhout, H., & McGeoch, M. A. (2013). Human 

population density explains alien species richness in protected areas. Biological 

Conservation, 159, 137-147. 

Tellez, T. R., Lopez, E. M.,  Granado, G. L., Perez, E. A., Lopez, R. M., & Guzman, 

J. M. S. (2008). The water hyacinth, Eichhornia crassipes: an invasive plant in the 

Guadiana River Basin (Spain). Aquatic Invasions, 3(1), 42-53. 

Thuiller, W., Richardson, D. M., Pysek, P., Midgley, G. F., Hughes, G. O., & Rouget, 

M. (2005). Niche based modelling as a tool for predicting the risk of alien plant 

invasions at a global scale. Global Change Biology, 11(12), 2234-2250. 

Tiwari, S., Siwakoti, M., Adhikari, B., & Subedi, K., (2005). An Inventory and 

Assessment of Invasive Alien Plant Species of Nepal. IUCN Nepal, Kathmandu. 

Trivedy, R.K., & Goel, P.K. (1986). Chemical and Biological Methods for Water 

Pollution Studies. Environmental Publication, Karad, India. 

Trombulak, S. C., & Frissell, C. A. (2000). Review of ecological effects of roads on 

terrestrial and aquatic communities. Conservation Biology, 14(1), 18-30. 

Tyler, A.C., Lambrinos, .J.G., & Grosholz, E.D. (2007). Nitrogen inputs remote the 

spread of an invasive marsh grass. Ecological Applications, 17, 1886-1898. 



 
 

59 

 

UNEP (2011). 'The strategic plan for biodiversity 2011-2020 and the Aichi 

biodiversity targets'.  

Van Kleunen, M., Dawson, W., Essl, F., Pergl, J., Winter, M., Weber, E., Kreft, H., 

Weigelt, P., Kartesz, J.,Nishino, M., Antonova, L.A., Barcelona, J.F., Cabezas, F.J., 

Cardenas, D., Cardenas-Toro, J., Castano, N., Chacon, E., Chatelain, C., Ebel, A.L., 

Figueiredo, E., Fuentes, N., Groom, Q.J., Henderson, L., Inderjit, Kupriyanov, 

A.,Masciadri, S., Meerman, J., Morozova, O., Moser, D., Nickrent, D.L., Patzelt, A., 

Pelser, P.B., Baptiste, M.P., Poopath, M., Schulze, M., Seebens, H., Shu, W., Thomas, 

J., Velayos, M., Wieringa, J.J. and Pysek, P. (2015). Global exchange and 

accumulation of non - native plants. Nature, 525 (7567): 100-103 

Vitousek, P. M., D Antonio, C. M., & Loope, L. L. & Westbrooks, R.(1996) 

Biological invasions as global environmental change. American Scientist, 84 (5), 468-

478. 

Vogt, G.B., McGuire, J. J., & Cushman, A.D. (1979). Probable evolution and 

morphological variation in South American Disonychine flea beetles (Coleoptera: 

Chrysomelidae) and their Amaranthaceous host. USDA Technical Bulletin No. 1593, 

pp148 

Weber, E., Sun, S.G., & Li, B., 2008. Invasive alien plants in China: diversity and 

ecological insights. Biological Invasions, 10, 1411-1429. doi: 10.1007/s10530-008-

9216-3   

Wilcove, D. S., Rothstein, D., Dubow, J., Phillips, A., & Losos, E. (1998). 

Quantifying threats to imperiled species in the United States. BioScience, 48(8), 607-

615. 

Wilson, J. R., Dormontt, E. E., Prentis, P. J., Lowe, A. J., & Richardson, D. M. 

(2009). Something in the way you move: dispersal pathways affect invasion 

success. Trends in Ecology & Evolution, 24(3), 136-144. 

Winter, M., Kuhn, I., La Sorte, F. A., Schweiger, O., Nentwig, W., & Klotz, S. 

(2010). The role of non‐ native plants and vertebrates in defining patterns of 



 
 

60 

 

compositional dissimilarity within and across continents. Global Ecology and 

Biogeography, 19(3), 332-342. 

Wisz, M. S., Pottier, J., Kissling, W. D., Pellissier, L., Lenoir, J., Damgaard, C. F., & 

Heikkinen, R. K. (2013). The role of biotic interactions in shaping distributions and 

realized assemblages of species: implications for species distribution 

modelling. Biological Reviews, 88(1), 15-30. 

Wu, H., & Ding, J. (2019). Global change sharpen the double- edged sword effect of 

aquatic alien plants in china and beyond. Frontiers in Plant Science, 10 (787) 1-11. 

doi: 10.3389/fpls.2019.00787   

WWF Nepal (2013). Communities come together to protect wetland. Hario Ban 

Program, WWF Nepal. URL: http://www.wwfnepal.org/?207351/Communitiescome-

together-to-protect- wetland. Assessed 31 July 2017 

Xie, Y., Wen, M., Yu, D., & Li, Y. (2004). Growth and resource allocation of water 

hyacinth as affected by gradually increasing nutrient concentrations. Aquatic 

Botany, 79(3), 257-266. 

Zedler, J. B., & Kercher, S. (2004). Causes and consequences of invasive plants in 

wetlands: opportunities, opportunists, and outcomes. Critical Reviews in Plant 

Sciences, 23(5), 431-452. 

Zelder, J.B., & Kercher, S. (2005). Wetland Resources. Status, trends, ecosystem 

services, and restorability. Annual Review of Environmental Resources. 30, 39-74.  

Zhao, Y., Lu, J., Zhu, L., & Fu, Z. (2006). Effects of nutrient levels on growth 

characteristics and competitive ability of water hyacinth (Eichhornia crassipes), an 

aquatic invasive plant. Chinese Biodiversity, 14(2), 159-164. 

Zobel, D.B., Jha, P.K., Behan, M.J., & Yadav, U.K.R (1987). A Practical Manual for 

Ecology. Ratana Book Distributor, Kathmandu, Nepal. 

 

 

http://www.wwfnepal.org/?207351/Communitiescome-together-to-protect-
http://www.wwfnepal.org/?207351/Communitiescome-together-to-protect-


 
 

61 

 

 

APPENDICES 

Appendix I. Climatological statistics of Mahendranagar Station  

S.N Months Maximum 

Temperature 

Minimum 

Temperature 

Precipitation 

1 Jan 19.599 7.873 28.04 

2 Feb 25.164 9.808 40.17 

3 Mar 30.755 13.613 20.88 

4 Apr 35.803 18.598 17.38 

5 May 37.245 22.923 43.42 

6 Jun 36.246 25.184 273.41 

7 Jul 32.942 25.674 659.29 

8 Aug 33.1545 25.532 602.93 

9 Sep 33.316 24.385 282.4 

10 Oct 31.609 19.236 92.3 

11 Nov 27.412 13.029 5.2 

12 Dec 22.953 8.681 14.19 

 

Source: (Source: Department of Hydrology and Meteorology, Government of Nepal; 

data obtained on November, 2019) 
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Appendix II.  Field data collection sheet for identifying drivers of plant invasions 

in wetlands of Kanchanpur district, western Nepal 

Field Data Sheet 

SN: ……Date:…………................Name of Wetland:………………………………..       

Latitude (N):………………………... Longitude (E): …………………………….… 

Elevation (m)…………………… Slope………..……   Aspect …………………..   

Nagarpalika/ Gaunpalika …………………………….Ward No…………..…….…. 

Locality………………………………………………………………………..…….. 

Surrounding Land use 

Recreational Activity 

Recreational Activity East West North South 

Picnic spot     

Resting spot     

Swimming      

Boating     

Fishing     

     

     

Grazing: Yes, No       Intensity of grazing: Low/Moderate/High 

* High; > 80% grazed or >80% Trampling area, Moderate; 20-80% grazed or 20- 

80% trampling area, Low; <20% grazed or <20% Trampling area 

Other disturbance factors: 

Distance from road (m): ………………………. 

East West North South 
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Distance from settlement (m): ……………………….. 

Water 

Source:………………………..……..Outlet:……………………………..……..… 

Estimated Depth (m): …………Connection with other water bodies: ………………
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Enumeration of IAPS 

S.N Name of the species Habitat Phenology 

1. Alternanthera philoxieroides   

2. Eichhornia crassipes   

3.  Ipomoea carnea ssp. fistulosa    

4. Leersia hexandra    

5.  Pistia stratiotes   

6    

7    

8    

9    

10    

11    

Note: Habit: A (Aquatic), S (Shoreline and Shallow aquatic), T (Terrestrial) 

Phenology: Fb (Floral bud), Fl (Flowering), Fr (Fruiting),Resprouting (Re), 

Senescence(Sn) 

 No of grids; …….. 

Cover of species in different grids 

Species G1 G2 G3 G4 G5  G6 G7 G8 G9 G10 Average 

Alt.phi.            

Eic.cra.            

Ipo.car            

Lee.hex            

Pis.str.            

Photo no.  ………………………………..  

Name of researcher: ……………………………  
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Appendix III. Field data collection sheet for Identification of potential dispersal 

pathways 

SN: ……………Date…………….FGD start time….……….End time………… 

Name of wetland ………………………….Locality…………………………….                     

Wetland type………………………….Ownership……………………………….. 

Nagarpalika/ Gaunpalika………………Ward no… Locality……………………. 

Management responsibility…………………………………………………… 

Wetland dependent community………………………………………………     

Management plan: Yes/No 

Date of management plan implementation………………………………………. 

Implementing organization…………………………………………………. 

 Focus group discussion  

Questionnaire 

1. Utilization value of wetland 

S.N. Utilization Priority order 

1. Irrigation  

2. Livestock  

3. Swimming  

4. Boating  

5. Fishing  

*1- Highest/ Most important 
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2. Threats of wetlands 

S.N. Threats Priority order 

1. Land use change  

2. Enchroachment  

3. Pollution  

4. Flood  

5. Connectivity  

6. Inappropriate wetland 

management 

 

7. Wetland invasion  

 

3. How many aquatic IAPS present and what are they?  

 

S.N. Name of spp. Present (+) Absent (-) 

1. Alternanthera philoxieroides   

2. Eichhornia crassipes   

3. Ipomoea carnea ssp. fistulosa   

4. Leersia hexandra   

5. Pistia stratiotes   

6.    

7.    

8.    

9.    

10.    
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4. How first time wetland IAPS arrived here? Intentionally or Accidently. 

S.N Species Intentionally Accidently 

  Year of introduction Purpose of 

introduction 

Probable agent or 

pathway 

1. Alt.phi.    

2. Eic. Cras.    

3. Ipo.car.    

4. Lee.  hex.    

5. Pis. str.    

6.     

7.     

5. Can the invaded lakes be source of propagules for further invasion to new 

wetlands? .................................................................................. 

6. What are the impact of IAPS? 

S.N. Impacts Priority order 

1. High economic cost to remove  

2. Effect to native flora and fauna  

3. Biodiversity loss  

4. Difficulty in fishing  

5. Reduces the recreational value of Wetlands  

6. Loss of appetite in livestocks  

7. How the local people use these IAPS? 

 

 

 

8. Is there any control measures taken to control the spread of IAPS or not? Yes/ 

No  

          If yes what are they? ................................................................................. 
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9. Details of Participants 

S.N. Name Gen. Edu. Add. Phone Remark 

1.       

2.       

3.       

4.       

5.       

6.       

7.       

8.       

 

Photo no………………………………………………………………………. 

 

Name of Researcher………………………………………………………….. 

Appendix IV. Data collection sheet for water analysis 

1. Name of wetland:                          

Date Sample No.      Time 

Longitude Latitude  

No. of subsamples    PH                         

Sample collector:  Volume: 
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Appendix V. Cover of wetland IAPS in different wetlands 

S.N. Name of 

Wetlands 

Cover of wetland IAPS 

Eichhornia 

crassipes 

Ipomoea 

carnea ssp. 

fistulosa 

Pistia 

stratiotes 

Alternanthera 

philoxeroides 

1. Baijanath Tal 56.25 5 0 0 

13. Banda Tal 1.9 2.5 0 2.5 

6. Betkot Tal 0 0 0 0 

15. Brhma Tal 0 0 0 0 

10. Chauka Tal 85 1.5 0 0 

2. Gadbijula 

Tal 

0 19.5 0 0 

5. Jhilmila Tal 0 0 0 0 

8. Kalikich Tal 32.2 17.2 9.25 5 

9. Kulla Tal 32.5 13.7 10.4 0 

3. Mudka Tal 0 0.8 0 0 

7. Peli Tal 0 19.5 0.6 0 

4. Puraina Tal 0 14.4 0 0 

12. Puranii Tal 4.7 2.5 0 4.06 

14. Pyara Tal 50.2 25.1 0 0 

11. Shova Tal 0.4 0.8 0 0 

19. siddha 

Baijanath 

Kunda 

0 0 0 

 

 

0 

17. Siddha 

sarobar 

banda 

 

0 0 14.3 0 

16. Siddha Tal 0 0 0 0 

18. Sitaram 

Kunda 

0 0 0 0 
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 Appendix VI. Calibration Curve for phosphate 

S.N Concentration (mg/l) Absorbance 

1 0.1 0.125 

2 0.2 0.231 

3 0.3 0.388 

4 0.4 0.5 

5 0.5 0.578 

6 0.6 0.595 

7 0.7 0.729 

8 0.8 0.748 

9 0.9 0.793 

10 1 0.912 

 

  

y = 0.8195x + 0.1092 
R² = 0.9646 
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Appendix VII.  Calibration Curve for Nitrate 

S.N Concentration (mg/l) Absorbance 

1 0.1 0.033 

2 0.5 0.072 

3 1 0.096 

4 1.5 0.183 

5 2 0.217 

6 2.5 0.265 

7 3 0.296 

8 3.5 0.327 

9 4 0.341 

10 4.5 0.37 

11 5 0.403 

 

 

  

y = 0.076x + 0.046 

R² = 0.9712 
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Appendix VIII. Prioritization of utilization value of wetlands 

S.N. Utilization value Score percentage (%) 

1 Recreational activities 71.92 

2 Fishing 42.10 

3 Religious activities 41.22 

4 Livestock 33.33 

5 Irrigation 21.05 

6 Boating 3.5 

Appendix IX. Prioritization of Wetland Threats 

S.N Threats Score Percentage (%) 

1 Inappropriate wetland management 81.95 

2 Wetland invasion 39.09 

3 Land use change 29.32 

4 Encroachment 28.57 

5 Flood 27.06 

6 Pollution 21.80 

7 Connectivity 9.02 

Appendix X. Prioritization of Impacts of IAPS on Wetlands 

S.N Impacts  Score percentage (%) 

1 High economic cost to remove  52.63 

2 Effect to native flora & fauna 49.12 

3 Biodiversity loss 36.84 

4 Difficulty in fishing 30.70 

5 Reduces the recreational value 25.43 

6 Loss of appetite in goat 5.27 
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Appendix XI. Prioritization of dispersal pathway of Eichhornia crassipes 

S.N. Pathway of introduction Score percentage (%) 

   

1 Ornamental purpose 3.125 

2 Feed for fishes 15.625 

3 Flooding 3.125 

4 Unknown 3.125 

APPENDIX XII 

 

 

 

 

 

 

 

 

 CCA plot for Wetlands, environmental variables and wetland IAPS  

 

APPENDIX XIII. Name of the plant species and their abbreviation. 

S.N. Species Name Abbreviation 

1. Alternanthera philoxeroides Alt_ phi 

2. Eichhornia crassipes Eic_cra 

3. Ipomoea carnea ssp. fistulosa Ipo_car 

4. Pistia stratiotes Pis_str 



 
 

74 

 

PHOTOPLATES 

 Field work and data collection in Study area 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Alternanthera philoxeroides at Kalikich tal 

Eichhornia invasion at Chauka Tal 

Ipomoea carnea ssp. fistulosa at Kalikich Tal Baijnath Tal invaded by Eichhornia crassipes 

Pistia stratiotes at Kalikich Tal 

Eichhornia at Kulla Tal 
Eichhornia crassipes at Pyara Tal 
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Lab Work:  Water Analysis 
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