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Background: Invasive alien plant species (IAP) significantly threaten Nepal’s protected 
areas and local communities. Understanding their distribution, impact, management, and 
utilization is essential for developing effective management strategies and sustainable uti-
lization practices. The systematic literature review of publications from 2010 to 2023. The 
search was conducted through the database Nepal Journal online database (NepJOL) and 
Google Scholar, yielding an initial pool of 4,304 publication. After applying inclusion and 
exclusion criteria; we meticulously reviewed 43 articles for data extraction.
Results: Seventeen IAP are found in protected area, Nepal with the highest prevalence 
observed in Koshi Tappu Wildlife Reserve, followed by Chitwan and Sukhlaphanta National 
Park. The most problematic species in terrestrial ecosystems are Mikania micrantha, Lan-
tana camara, and Chromolaena odorata. The grassland ecosystems of wildlife habitats, 
primarily in the Terai and Siwalik regions, are the most invaded. Various management ap-
proaches are employed to mitigate the spread and impact of IAP, including mechanical 
methods such as uprooting, burning, and cutting. However, these methods are costly, 
and context-specific interventions are needed. The study also explores the potential use 
of IAP for economic, ecological, or cultural purposes, such as medicinal properties, energy 
production potential, and economic viability. Local communities utilize these plants for 
animal bedding, mulching, green manure, briquette, and charcoal production.
Conclusions: Applying silvicultural practices alongside mechanical management is rec-
ommended to maintain a healthy terrestrial ecosystem and utilize the removed biomass 
for valuable products, thereby reducing removal costs and increasing income sources, po-
tentially benefitting both local communities and wildlife in protected areas.
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Introduction

Nepal boasts remarkable botanical richness, evident in 
its extensive and diverse plant life. The country has 188 
ecosystems across various physiographic zones (Bhattacha-
rjee et al. 2017; Paudel et al. 2012). Anthropogenic activities 
have significantly impacted the global environment, in-
cluding climate change, habitat loss and fragmentation, 
unsustainable harvesting of natural resources, pollution, 
and the introduction of invasive alien plant species (IAP) 
(Shiferaw et al. 2018). Biological invasion, a well-estab-
lished ecological concept, is one of the five primary effects 
of human activity on the global ecosystem (IPBES 2019). 
Introducing non-native plants, animals, and other organ-
isms to new environments can transform them into inva-

sive species capable of rapid reproduction and widespread 
distribution, significantly altering the ecological dynamics 
of diverse ecosystems (Simberloff et al. 2013). Invasive alien 
plant species are distributed as a problematic species at 
worldwide. They are particularly dangerous as they can 
displace native species, disturb ecosystem functioning, and 
cause harm to both biodiversity and human populations 
(Bhatta et al. 2021; Convention on Biological Diversity 
[CBD] 1992; Potgieter et al. 2019; Roy et al. 2019; Shackle-
ton et al. 2018). Therefore, this kind of invasion is risky for 
the earth’s biodiversity (Binggeli 1996).

The mechanisms that contribute to spread IAP seed are 
dispersal by water, air, animal and human action of trade 
and transportation in different landscape (Catford et al. 
2016; Kleyheeg et al. 2017; Li et al. 2012; Wenny et al. 2011). 
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The tourism and recreation, population pressure on natu-
ral resources, introduced IAP for medicinal or ornamental 
purposes, infrastructure development, deforestation, agri-
cultural expansion are also the causes of spreading (Adhikari 
et al. 2019; Muscolo et al. 2014). Moreover, IAP enters through 
the activities of road and air link for international tourism, 
travel, and trade at globally and the way is used Indian 
boarder (Gupta et al. 2021) and spread throughout the coun-
try at locally. For example, IAP such as Lantana camara 
was reported early in 19th century for using as ornamental 
purpose but now the situation is different, it is invaded 
throughout the country. It impact has been seen in the 
form of competition with native species, transformation of 
ecological system, depletion of biodiversity in natural habi-
tat, reduction of crop yield, and increase livestock mortali-
ty in agriculture land (Adhikari et al. 2019). Furthermore, 
climate change effects such as landslide, flood, soil erosion, 
forest fire, are also expected to establish and spread IAP 
with its creative action of favorable environment in terres-
trial ecosystem (Adhikari et al. 2019; Brooks et al. 2004; 
Hobbs and Huenneke 1992; Lake and Leishman 2004).

Protected areas of Nepal is also not free from the spread-
ing of IAP so it has already under threat to impose the 
particular habitat, although the area is not successfully ex-
plored actual record of biodiversity (Rico-Sánchez et al. 
2020). Protected areas are established to safeguard repre-
sentative regions of ecological processes, biodiversity, and 
natural landscapes while also playing a crucial role in pro-
moting economic expansion (Margules and Pressy 2000). 
While the borders of parks are intended to prevent the in-
troduction of exotic species into the core areas, transporta-
tion, infrastructure, and human habitation in proximity to 
protected areas, become conduits for the spread of IAP 
(Foxcroft et al. 2011). In case of Nepal, settlements of peo-
ple are found around the protected park of buffer zone and 
they are involved to protect the park with buffering settle-
ment concept. The people are dependent on forest of park 
to support their livelihood for using timber, firewood, 
food, leaf litter, fodder, medicinal plant and so on. When 
IAP enters the forest ecosystem in protected areas, it af-
fects native plants and its regeneration in the form of com-
petition for light, space, and water as well as climb tree and 
other structure and block the sunlight, reduce species di-
versity, richness, growth, and finally displacement (Minis-
try of Forests and Soil Conservation 2014; Shrestha 2016). 
Invasive alien plant species contribute negatively on plant 
regeneration on its soil properties such as content of organ-
ic matter, nutrient to run the ecosystem (Chaudhary et al. 
2020). Furthermore, it decreases soil microbial biomass 
and activity which lead to change in soil carbon and nutri-
ent cycling (Vitousek et al. 1987). When severe effects arise 
then it contributes to collapse the ecosystem and impact 
seen on the forest habitat and socio-economic life of the 
people (Shrestha et al. 2023). Therefore, IAP has play the 

negative role towards the socio-economic aspects such as 
habitat degradation, low agricultural productivity, loss bio-
diversity, low availability of food for wildlife and livestock 
(Shrestha et al. 2018). Out of twenty-seven species found in 
Nepal (Bhatt et al. 2021), among them four IAP Mikania 
micrantha, Chromolaena odorata, L. camara, and Eichor-
nia crassipes found world worst list (Lowe et al. 2000). Mi-
kania micrantha as well as L. camara are the most prob-
lematic IAP found in Chitwan and Bardiya National Park 
respectively. About twenty-three species are noted from in 
and around the protected areas and among twenty-three 
species most prevalent species are L. camara, Ageratina ad-
enophora, C. odorata, and Ageratum conyzoides (Bhatta et 
al. 2021; Shrestha et al. 2019a). Therefore, protected areas 
have highlighted the problem of IAP and its control and 
management policy and activities are included in their 
management plan to manage the ecosystem properly. Laws, 
policies, and regulations can help to stop the spread of IAP 
by 1) governing the introduction, propagation, distribu-
tion, and management of IAP, 2) implementing inspections 
and regulations on plant and product materials, 3) formu-
lating phytosanitary standards and procedures, and 4) im-
plementing effective quarantine measures to safeguard 
against the entry and introduction of IAP. In addition, 
guidelines for assessing, detecting, and controlling IAP are 
also important. Plant Quarantine and Pesticide Manage-
ment Centre (PQPMC) and International Plant Protection 
Convention (IPPC) are responsible for the activities at Ne-
pal and global level respectively. The control measures are 
also the key process to manage and eradicate spreading 
IAP by the help of physical, chemical, biological and cul-
tural control methods and practices (Bolch et al. 2020). 
Convention on Biological Diversity is active for recom-
mending different approaches to control the IAP for pre-
vention, early detection and rapid response and similarly, 
control and eradication, restoration and rehabilitation at 
global level (CBD 2014). Working organization such as the 
International Union for Conservation of Nature (IUCN). 
In case of Nepal, Ministry of Forests and Environment and 
Department of Plant Resources are responsible at national 
level and Community Forest User Group (CFUG), Buffer 
Zone Community Forest User Group (BZCFUG) at local 
level. National Biodiversity Strategy and Action Plan 
(NBSAP) are playing the important role to solve the IAP 
problem by supporting to make a guideline for rules, regu-
lation and policy at national level and implement through 
the National Parks and Wildlife Conservation Act 2073, 
Forest Act 1993 and policy. These significant actions are 
focused on conservation of biodiversity, and protection of 
ecosystems which are needed for the future generations. 
The strategy of IAP 2019 of Nepal is involved to control 
and manage the IAP through the guideline and basically 
focused on risk assessment, early detection and rapid re-
sponse, monitoring, and evaluation of IAP in protected ar-
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eas (Shrestha 2016).
Addressing these challenges requires a thorough assess-

ment the impact of IAP on forest ecosystems, specifically 
in terms of tree stand, regeneration, and wildlife habitat 
within the protected areas, which is a crucial resource for 
the well-being of animals and humans. While both plants 
and animals are affected by IAP, the harm caused by inva-
sive plants is more pronounced in natural environments, 
including animals’ habitats and local livelihoods, as plants 
have a higher potential for unintentional introduction, rap-
id spread, and the capacity to alter the local flora compared 
to animals significantly in the protected areas. Additional-
ly, plant invasion poses a more numerous and significant 
threat to global diversity than animal invasion (Bhandari 
2019). The present study aims to find answers such as (a) 
What types of IAP are present in protected areas? (b) How 
are these species distributed in various ecosystems? (c) 
Does the presence of IAP impact terrestrial ecosystems? (d) 
What local-level activities are being implemented to man-
age IAP? (e) How do local communities utilize the biomass 
of IAP for various purposes? To fulfilled above research 
questions and analyze the impact of IAP and struggle for 
existence within the terrestrial ecosystem. The occurrence 
of IAP has been recognized in any habitat then threat oc-
curs and imbalance the normal biodiversity in protected 
areas. Therefore, it is crucial to find appropriate technolo-
gy and management strategies to control and manage IAP, 
as well as to utilize their biomass for producing useful local 
products. This study helps to make a management strategy 
for policymakers, decision–makers, foresters, environmen-
talists, conservationists, academics, local communities, and 
business entrepreneurs and other interested people in this 
field. Its findings can contribute to achievement of the goal 
of sustainable forest management.

Materials and Methods

Study area
Protected areas of Nepal are specifically used as a study 

area. In Nepal, there are twenty protected area, among 
them twelve National Parks, six Conservation Areas, one 
Wildlife Reserve, and one Hunting Reserve, as well as thir-
teen Buffer Zones ranging from the lowlands of Terai to 
the high highlands.

Article searching criteria
This study follows the methodology of preferred report-

ing items are systematic reviews and meta-analysis (PRIS-
MA) framework. In this framework four criteria such as 
identification, screening, eligibility, and inclusion to be 
fulfilled selecting the article. The study focused on the re-
search and review articles from 2010–2023 related to IAP 
in Nepal and elsewhere. Published literature was selected 

based on predetermined criteria for assessing the IAP in 
the context of their distribution, impact, management, and 
utilization practice within the terrestrial habitat. The 
search for publications was performed using databases 
such as Google Scholar and Nepal Journal online database 
(NepJOL) and Google search from January 1, 2022, to Oc-
tober 15, 2023, using predetermined keywords and fulfilled 
the criteria. The keywords used for identification and 
screening the articles are ‘invasive alien plant species’, ‘pro-
tected area of Nepal’, ‘distribution’, ‘impact on a tree stand, 
regeneration, and wildlife habitat’, ‘management’, and ‘use’. 
The main articles were selected to achieve the goal of a sys-
tematic literature review that includes only terrestrial eco-
systems, focusing on protected areas of Nepal. Duplicate 
and irrelevant articles were removed. Four thousand three 
hundred four articles were found under identification pro-
cess, and 158 articles were selected under the screening 
process, and final 43 articles were used for systematic re-
views after removing irrelevant and duplicate articles.

Results and Discussion

Invasive alien plant species distribution in 
protected areas

Among twenty protected areas, thirteen (Seven National 
Parks, five Conservation Areas, and one Wildlife Reserve) 
have reported invasion by IAP and seven (five National 
Parks, One Conservation Area, and one Hunting Reserve), 
are void of IAP invasion. As noted by Shrestha et al. (2019a) 
and Bhatt et al. (2021), the invaded areas exhibit degrada-
tion across different ecosystems. Koshi Tappu Wildlife Re-
serve has the highest number of invasions, reporting 
among seventeen IAP, followed closely by Chitwan Nation-
al Park and Shukla Phanta National Park, with sixteen IAP. 
In contrast, Khaptad National Park records the least num-
ber of IAP, standing only two in its habitat. Despite being 
the largest conservation area, Annapurna Conservation 
Area reports only eight IAP. Similarly, Shey Phoskundo 
National Park, the second-largest area, stands out as an ex-
ception, being free from IAP invasion. The number of IAP 
are recorded depends on geographical location and climat-
ic circumstances in protected areas (Shrestha et al. 2019a). 
Most IAP have been reported from the Terai and Siwalik 
regions (Chaudhary et al. 2020). Out of twelve National 
Parks, Seven National Parks have reported IAP. Among 
them, L. camara, M. micrantha, and C. odorata have been 
found as the most problematic species in protected area 
and five National Parks did not have any IAP recorded. 
Similarly, among six Conservation Areas, except Manaslu 
Conservation Area, all others have reported IAP. The only 
one Wildlife Reserve had the highest number of IAP, while 
the Hunting Reserve had no IAP. It was found that the IAP 
were prevalent in low and mid-land areas, while IAP were 
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not present in the highland areas of Nepal (Shrestha 2019a). 
The number of IAP has been increasing continuously and 
invading new areas of Nepal with multiple socio-ecological 
impacts (Shrestha et al. 2019a, 2019b) which can be seen in 
following Table 1.

Invasive alien plant species threats in the 
protected areas

Thirteen protected areas in Nepal are affected by various 
IAP in forest, grassland, and agricultural landscapes. In 
that order, the highest incidence of invasion occurs in 
grasslands, followed by forests, and agricultural areas. 
Among identified invasive species, L. camara, M. micran-
tha, and C. odorata are prominent in terrestrial ecosystems 
which are shown in Table 1.

Impact of the invasive alien plant species on 
terrestrial ecosystems

Many IAP affect components such as tree stands, regen-
eration, and wildlife habitat of the protected area in forest, 
grassland, and agro-ecosystems. Protected areas support 
the conservation of natural habitats for the protection of 
wildlife and the well-being of humans who depends on for-
est. However, IAP pose a significant threat to the ecosys-
tems and its components. Global invasion is the second 
main factor leading to the loss of biodiversity, after habitat 
degradation (Glowka et al. 1994; Shrestha 2016). To stop 
more damage to the environment, it is vital to manage 
these protected areas in a way that balances the require-
ments of humans and animals.

The presence of soil microbes in the soil can cause fungi 
to occur more frequently and gradually adapt to the al-
lelochemical effects of IAP, reducing their allopathic ef-
fects. This can lead to the regrowth of Shorea robusta and 

Table 1 Distribution and threatened invasive alien plant species found in terrestrial ecosystem of protected area

Protected area

Area (km2) Number of  
IAP in 

protected area

Most threatened IAP  
in protected area

Impact ecosystems

Core  
area

Buffer zone 
area

Forest
Grass  
land

Agriculture 
land

Banke National Park 550 343 13 Lantana camara O O
Bardiya National Park 968 327 12 L. camara O O
Chitwan National Park 953 729 16 Mikania micrantha O O
Khaptad National Park 225 216 2 L. camara, A. conyzoides O
Langtang National Park 1,710 420 NA
Makalu Barun  

National Park
1,500 830 NA

Parsa National Park 627 285 14 Chromolaena odorata, L. camara O
Rara National Park 106 198 NA
Sagarmatha  

National Park
1,148 275 NA

Shey Phoksundo 
National Park

3,555 1,349 NA

Shivapuri Nagargun 
National Park

159 119 12 L. camara, A. adenophora, P. 
hysterophorus, B. pilosa

O

Shukla Phanta  
National Park

305 244 16 L. camara O

Annapurna 
Conservation Area

7,629 8 A. adenophora, C. odorata, A. 
houstonianum

O O

Api nampa 
Conservation Area

1,903 10 A. adenophora, A. conyzoides, 
L. camara, P. hysterophorus

O O

Gaurishankar 
Conservation Area

17 7 L. camara O

Krishnasaar 
Conservation Area

2,035 4 P. hysterophorus, S. tora, I. 
carnea, L. camara

O

Kanchanjunga 
Conservation Area

1,663 3 A. adenophora, A. conyzoides, 
B. pilosa

O

Manaslu  
Conservation Area

2,179 NA

Koshi Tapu  
Wildlife Reserve

349 17 M. micrantha, C. odorata O

Dhorpatan  
Hunting Reserve

1,325 NA

Total 7 10 1

IAP: invasive alien plant species; NA: not available.
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the loss of native species, such as Pinus and Alnus forests, 
as well as the degradation of forest habitat (Shah et al. 
2020; Shrestha 2019a; Singh and Ghimire 2022).

Ageratina adenophora effects on species richness, com-
position and diminishing food availability for the wild an-
imal as well as livestock therefore fodder collection time is 
increased. This ecosystem is important for the specifically 
wild animal which is degrading day by day (Shrestha et al. 
2019a). Upward shifting of IAP due to climate change pro-
cess which may be adversely impact on wildlife habitat of 
endangered animal species such as Moschus chysogaste 
and Ailurus fulgens in Langtang National Park (Lamsal et 
al. 2017; Poudel et al. 2020).

Ageratum conyzoides are found in forest, grasslands and 
agricultural ecosystem (Singh and Ghimire 2022). The IAP 
contributed to degrade agricultural and quantity and qual-
ity of crop (Baral et al. 2022; Shrestha et al. 2019a). More-
over, A. conyzoides harmful to animal due to poisoning, 
and biodiversity loss in forest (Singh and Ghimire 2022). 
Allelopathic effects lower agricultural output and biodiver-
sity because they cannot suppress the famous A. conyzoi-
des species, which produces low quality of seeds and ger-
minating capacity cause lower the agricultural output due 
to alleopathic effects (Pertin et al. 2018).

Ageratum houstonianum distribute on grasslands and 
agro-ecosystems and forest with under high tension line 
(Panedy et al. 2021; Sapkota et al. 2023). The IAP and its 
toxic capacity the animal and livestock are in threat (Bhatta 
et al. 2022; Pertin et al. 2018; Sapkota et al. 2023; Shrestha 
et al. 2019a). The wild animal is in vulnerable condition in 
the forest ecosystem (Chaudhary et al. 2020; Lu et al. 2014).

Argemone mexicana are found in agricultural and forest 
land therefore its harmful effect can be seen on plant and 
animal habitat in the form of increasing crop loss, decrease 
production, risk to biodiversity (Shah et al. 2020). As shown 
by (Namkeleja et al. 2014), the growth of wild plant species 
is noticeably obstructed in wildlife-protected regions.

Biden pilosa is found in agro-ecosystems and grasslands 
(Shrestha 2016); Singh and Ghimire (2022), confirm its 
spreading inside agricultural fields. Due to the occurrence 
of allopathic content, this species, which has a high rich-
ness and dispersal capacity, adversely impacts the growth 
and of native species in the Siwalik region (Joshi 2019). 
Specifically, in the Terminalia-Shorea-Trewia mixed popu-
lation in Nepal’s far west, there is a higher than average oc-
currence of these IAP (Sapkota et al. 2023).

Chromolaena odorata stands out as one of the most chal-
lenging IAP in Nepal, listed among the hundred problem-
atic species globally; this resilient species is pervasive, span-
ning various ecosystems such as forests, shrub land, 
grasslands, and agro-ecosystems. Notably, it exhibits high 
richness in areas disturbed by human activities, including 
roadsides, park headquarters, range posts, and settlements, 
as evidenced by the studies conducted by (Bhatta et al. 

2020; Chaudhary et al. 2020). The impact of C. odorata ex-
tends to the determent of native species richness, composi-
tion, and regeneration, particularly affecting species like S. 
robusta in the tropical forests of Nepal, according to re-
search by Thapa in 2016. Furthermore, its adverse effects 
are evident in the declining populations of ungulates, such 
as deer and wild pigs, in various National Parks. These in-
vasive species alter grassland quality, replacing native plant 
species in Chitwan National Park (Adhikari et al. 2022; 
Gorchov et al. 2021). Similarly, the prime habitat of the 
one-horned rhinoceros in Bardiya National Park in the 
southwest region of Nepal faces a significant vision by C. 
odorata, as highlighted in the study by Bhatta et al. (2020).

Lantana camara stands out as one of the most trouble-
some species identified in protected areas of Nepal, partic-
ularly impacting Bardiya National Park in the Western Te-
rai region. Renowned for providing habitat to iconic 
wildlife species such as the Asian elephant (Elephis maxi-
mus), the one-horned rhinoceros (Rhinoceros unicornis), 
the Bengal tiger (Panthera tigris), Leopard (Panthera par-
dus), and various deer species (Prins et al. 2022), Birdiya 
National Park faces severe invasions by L. camara. Invasive 
alien plant species have been documented within this habi-
tat, with L. camara, C. odorata, and A. houstonicneum be-
ing the most heavily invaded within the park. These IAP 
significantly contribute to diminishing the richness and 
diversity of native plant species (Bhatta et al. 2020, 2021). 
Similarly, Suklaphanta National Park, with sixteen record-
ed IAP, experiences degradation due to alterations in grass 
species, negatively impacting grassland ecosystems (Bhatta 
et al. 2021; Bhattarai 2012). This alteration affects the vital 
habitat of P. tigris , R. unicornis , and Servus duvauceli . 
Banke National Park is also invaded by thirteen IAP, in-
cluding L. camara, acting as a primary contributor to the 
degradation of wildlife habitats for species like P. tigris, El-
ephas maximus, and four-horned antelope in grassland 
ecosystem (Napit 2015). Lantana camara is identified as 
one of the most destructive IAP in Parsa National Park, 
among fourteen others, causing a decline in tree species 
and adversely impacting tree regeneration in settlement ar-
eas (Chaudhary et al. 2020). Grass species play a crucial 
role in maintaining ecosystem balance and are vital for the 
survival of herbivorous animals in Shivapuri Nagarjun Na-
tional Park. Invasive alien plant species, notably L. camara, 
pose a threat to preferred grass species like Saccharum 
spontaneum and Cynodon dactylon, leading to increasing 
degradation of grasslands and posing a threat to biodiver-
sity, agriculture, and livestock in agro-ecosystems (Bhatta 
et al. 2021; Shah et al. 2020). In Krishnasaar Conservation 
Area, L. camara is identified as a threat to palatable grass 
species vital for the Blackbuck (Krishnasaar) habitat, caus-
ing degradation in the grassland ecosystem (Bhatta et al. 
2021; Gyawali et al. 2020). In addition that, degrading 
prime habitats for the endangered Red panda (Ailurus ful-
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gns) and native species are documented (Bhatta et al. 2021). 
Similarly, Khaptad National Park records the presence of L. 
camara, which can potentially degrade the medicinal herb 
habitat, emphasizing this invasive species’ far-reaching im-
pact on diverse ecosystems.

Mikania macrantha also stands out as one of the most 
problematic invasive species globally, numbering among 
hundreds. It poses a significant threat in Nepal, particular-
ly in Chitwan National Park, where it heavily invades wild-
life habitat. Sixteen IAP are identified within this habitat, 
with M. macrantha being one of the important IAP (Bhatt 
et al. 2021). Chitwan National Park, Nepal’s first estab-
lished park and a designated World Heritage and Ramsar 
Site, is crucial for sheltering endangered species such as R. 
unicornis, P. tigris, and the Gharial crocodile, making it a 
prominent tourist destination (Ministry of Culture Tour-
ism and Civil Aviation Planning and Evaluation Division 
2013). Research by Murphy et al. (2013) indicated that M. 
macrantha negatively impacts on habitat of the endangered 
one-horned rhinoceros in Chitwan National Park, affect-
ing 44% of their habitat by suppressing grass growth and 
tree regeneration. In the terrestrial ecosystem of Chitwan 
National Park, M. macrantha is identified as the most se-
vere weed that extends to the northern part of the core and 
buffer zone area weed as IAP (Poudel et al. 2019). Mikania 
macrantha is invasive and affects vegetation structure and 
carbon sequestration in ecosystems (Ulak et al. 2016), cre-
ating an unfavorable environment for the growth of native 
species. The aggressive colonization of this weed inhibits 
the regeneration and growth of local species in the altered 
microhabitats, significantly impacting forest regeneration 
and carbon stock (Gaudel et al. 2016a, 2016b; Ulak et al. 
2016). In the Terai and Siwalik region, the prime habitat of 
rhinoceros and ungulates, M. macranths are highly detri-
mental (Bhatt et al. 2021; Murphy et al. 2013). Beyond 
Chitwan National Park, M. macrantha effects can be found 
in Shuklaphanta National Park. Here, it is a serious threat 
to grass species and may soon have an influence on habitat 
of deer. Grass species have a critical role in preserving the 
equilibrium of the ecosystem, especially in the food chain 
that supports herbivorous animals like the deer. The possi-
ble harm to the environment is further highlighted by the 
high risk of IAP species affecting highly desired grass spe-
cies as S. spontaneum and C. dactylon (Bhatt et al. 2021).

Amaranthus spinosus has the potential to disturb native 
plants and degrade forest habitats (Shrestha 2016). Erigeron 
karvinskianus has been shown to affect native species and 
soil qualities. It is found in a variety of environments, such 
as forests, shrublands, grasslands, and agro-ecosystems 
(Bhatta et al. 2021; Shrestha 2016). Xanthium strumarium 
is an impact on native species, vegetation structure, and 
composition, although detailed information is limited 
(Shah et al. 2020).

Galinsoga quadriradiata is observed only few impacts on 

the agro-habitat (Shrestha 2016). Mimosa pudica, Senna 
occidentalis, Oxalis latifolia, and X. strumarium are least 
impactful IAP found in forests, directly influencing nearby 
vegetation (Neupane and Acharya 2019; Singh and Ghi-
mire 2022). Summarize form of the IAP impact as shown 
in following Table 2.

Management practices of Invasive alien plant 
species

The management of IAP is becoming increasingly chal-
lenging due to the inadequacy of prior global initiatives 
aimed at controlling the extent of invasion and the grow-
ing influence of globalization on trade transportation. Ne-
pal is particularly susceptible to future IAP invasion due to 
a lack of scientific information and public awareness, 
which hampers the formulation of effective control and 
management policies. The invasion of IAP is predominant-
ly observed in natural ecosystems across various altitudes, 
from lowlands to highlands in Nepal. This invasive phe-
nomenon presents a significant challenge in developed na-
tions and developing countries such as Nepal, where limit-
ed expertise and resources compound the issue. Nepal’s 
protected areas primarily situated in the Terai, Siwalik, and 
Middle Mountain regions confront invasions by one or 
more IAP, with some identified among the world’s most 
detrimental (Bhatt et al. 2021). Effective management is 
crucial for preserving the health and sustainability of ter-
restrial ecosystems within these protected areas. Three pri-
mary management strategies have been identified: preven-
tion, eradication, and control (Radosevich et al. 2009). 
Prevention, involving strict quarantine and monitoring, is 
hindered by globalization and human mobility. Eradica-
tion, while theoretically effective, is rendered impossible 
due to the presence of IAP in limited areas. Consequently, 
the focus shifts to control as the primary strategy, although 
its efficacy is uncertain given the extensive spread of IAP.

Biological control agents play a crucial role, with Nepal 
currently hosting only two such agents, Zygogramma bi-
colorata Pallister and Puccinia abrupta var. partheniicola 
for Parthenium hysterophorus (Maharjan et al. 2021; 
Shrestha et al. 2015b) and Procecidochares utilis Stone and 
Passalora ageratinae Crous and AR wood for A. adenopho-
ra (Winston et al. 2014).

Interestingly, these agents entered Nepal naturally from 
neighboring countries instead of being officially intro-
duced after quarantine screening (Shah et al. 2020). How-
ever, field observation reveals marginal effectiveness, em-
phasizing the need for a comprehensive approach. A 
specific study in Nepal underscores the potential of Z. bi-
colorata Pallister as an effective biocontrol agent against P. 
hysterophorus. It controls the further spread of P. hystero-
phorus in terai, siwalik and hilly region of Nepal (Shrestha 
et al. 2019b). The research recommends mass rearing and 
releasing these beetles as a viable management tool; despite 
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this insight, practical implementation is lacking in Nepal 
(Gupta et al. 2021). Similarly, chemical control, another po-
tential strategy, is hindered by financial constraints. Its 
feasibility is limited to high-value species in small areas, 
making it impractical for widespread IAP management 
where invasion is extensive. A comprehensive control ap-
proach, combining biological control agents, displacement 

by competitive plant species, and cultural, physical, and 
chemical measures, is essential for effective IAP manage-
ment (Adkins and Shabbir 2014). Many protected areas in 
Nepal have already succumbed to IAP invasions, making 
prevention and eradication unattainable. The only viable 
option remains to control these invasions and curb their 
proliferation. In case of Nepal, the mechanical technique 

Table 2 Impact of invasive alien plant species on terrestrial ecosystem

No. IAP in protected areas Impact found on native tree/regeneration/wildlife habitat Sources

1 Ageratina  
adenophora

Suitable habitat forest’s edge and on abandoned agricultural land.
Altered species richness.
Allopathic effect on regeneration.
Loss of native species.
Affect an endangered animal due to degrade of wildlife habitat.

Binadi et al. 2023; Bhatt et al. 
2021; Li et al. 2015; Poudel et al. 
2020; Shah et al. 2020; Shrestha 
et al. 2019a; Singh and Ghimire 
2022

2 Ageratum  
conyzoides

Found on grassland, forest and agro-ecosystem.
Biodiversity loss.
Livestock poisoning.
Diminished agricultural production.
Reduced forage supply.
Negatively affect regeneration in forests and grasslands.

Baral et al. 2022; Lamsal et al. 
2019; Pertin et al. 2018; Shrestha 
et al. 2019a; Singh and Ghimire 
2022

3 Ageratum 
houstonianum

Suitable habitats are grassland, forest and agro-ecosystems.
Toxic effect to livestock.
Allopathic impact on crops.
Risk to native species.
Biodiversity loss.

Bhatta et al. 2022; Chaudhary et 
al. 2020; Panedy et al. 2021; 
Pertin et al. 2018; Sapkota et al. 
2023

4 Amaranthus  
spinosus

Impact on native plant species.
Degradation of the forest habitat.

Shrestha 2016

5 Argemone  
mexicana

Primarily found on agro-ecosystems.
Crop loss and escalating production cost.
Affect the germination and growth of native plant.
Biodiversity loss.

Namkeleja et al. 2014; Shah et al. 
2020

6 Bidens pilosa Suitable habitat grassland, agro-ecosystem.
Adversely effects on growth and germination of native species.
Impact on mixed species community.

Joshi 2019; Sapkota et al. 2023; 
Shrestha 2016

7 Chromolaena  
odorata

Found on forest, shrubland, grassland and agro-ecosystem.
Impact native species richness, composition, regeneration.
Decline population of ungulates.
Altered grassland quality.

Adhikari et al. 2022; Bhatta et al. 
2020; Chaudhary et al. 2020; 
Thapa et al. 2016

8 Erigeron  
karvinskianus

Found on forest, shrub land and grassland and agro-ecosystem.
Impact on the native species.

Bhatta et al. 2021; Shrestha 2016

9 Galinsoga 
quadriradiata

Suitable habitat is agro-ecosystem.
Impact on agro-habitat.

Bhatt et al. 2021; Singh and 
Ghimire 2022

10 Lantana camara Altered the plant community structure.
Diminishing the species richness, diversity of the native species.
Impact on regeneration and native plants.
Habitat degradation for flora and fauna.
Diminished on availability of food for wildlife and birds.

Bhatt et al. 2021; Chaudhary et al. 
2020; Gyawali et al. 2020; Napit 
2015

11 Mikania micrantha Modification of native plant structure and composition of species.
Effect on carbon sequestration.
Impact on regeneration, protected wildlife and native biodiversity.
Changes in wildlife habitat reduce tourism revenue.
Impact on soil properties.

Baral and Adhikari 2017; 
Chaudhary et al. 2020; Gaudel  
et al. 2016a, 2016b; Khadka 
2017; Murphy et al. 2013; 
Poudel et al. 2020

12 Mimosa pudica Impact on native species and regeneration. Rai and Singh 2020
13 Oxalis latifolia Impact on native species, structure composition, and regeneration 

due to alterations in the soil’s properties.
Bhandari 2019

14 Senna occidentalis Impact on timber growth of native species due to the allopathic 
effect.

Singh and Ghimire 2022

15 Xanthium strumarium Adversely affects native species, structure, and composition. Neupane and Acharya 2019

IAP: invasive alien plant species.
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has proven effective, with few accidental introductions of 
biological control agents reported (Shrestha 2019a). Me-
chanical methods, such as uprooting, manual cutting, con-
trolled burning, removal, and plowing have been adopted 
(Singh and Ghimire 2022). However, manual cleaning pos-
es challenges in grassland habitats. Therefore, biannual 
burning benefits herbivores for fodder, while successive 
fires can impede invasion. Nevertheless, uncontrolled 
burning and indiscriminate chopping negatively impact 
species composition, small species’ survival, and small 
mammals’ habitat. It is imperative to exercise caution and 
implement controlled burning and meticulous manage-
ment practices to ensure effective grassland conservation 
(Adhikari et al. 2019). For instance, Chitwan National Park 
and its buffer zone (2018–2022) identified M. macarantha 
and C. odorata as the most problematic species, employing 
cutting and controlled burning as control methods (Chit-
wan National Park 2018). Only control burning is an effec-
tive management such as manual techniques in grassland 
ecosystems, reduces the growth of M. macarantha and 
promotes the growth of grass species (Aryal et al. 2018). 
The Buffer Zone Area Management Plan (2018–2022) of 
Parsa National Park introduced techniques such as manual 
removal, uprooting, and burning in both grassland and 
forest ecosystems (Parsa National Park 2018). Similarly, 
burning and uprooting were used as control methods at 
Bardiya National Park and its buffer zone management 
plan (2016–2020). Moreover, Shivapuri Nagarjun National 
Park, Buffer Zone, and its management plan (2017–2021) 
initiated control measures such as uprooting, drying, and 
burning. The western region and its Buffer Zone (2018–
2022) faced major IAP problems, addressing them through 
periodic uprooting, cutting, and burning in the terrestrial 
ecosystem, while employing manual removal techniques in 
the wetland ecosystem (Koshi Tappu Wildlife Reserve 
2018). The Koshi Tappu Wildlife Reserve identified IAP as 
a significant threat to grassland degradation and recom-

mendations like burning, hand uprooting, and ploughing 
for suppression (Koshi Tappu Wildlife Reserve 2018). Simi-
larly, bush clearance and slash-and-burn agriculture in 
rangelands are traditional adaptation measures to control 
the IAP in Langtang National Park (Barsila 2022). Central 
Nepal is witnessing increased invasion by A. houstonia-
num, posing a threat due to its toxic effect on livestock 
(Shreshta et al. 2019b). Consequently, controlling newly in-
troduced IAP before they escalate into invasions is a cru-
cial preventive strategy. Some protected areas, lack control 
management plans for IAP due to the absence of invasion 
reports. Relying solely on one method has proven insuffi-
cient; hence, continually adopting newer environmental 
techniques is imperative. Notably, research on using tools, 
silvicultural operations, and species-focused treatments for 
IAP control in protected areas is scarce. Moreover, the ab-
sence of continuous monitoring, follow-up, and budget al-
location for appropriate activities hinders effective control 
mechanisms (Chitwan National Park 2018). The manage-
ment techniques of IAP practice in Nepal are shown in 
Figure 1.

Use of invasive alien plant species
While IAP pose a significant threat to the valuable wild-

life landscape, both within and around the protected areas, 
there is potential to transform these invasive plants into 
positive resources at the local level. The biomass obtained 
by removing IAP can be employed in various practical ap-
plications, including medicine, green manure, animal bed-
ding, charcoal, fertilizer, and handicrafts, among other 
products (Bhatta et al. 2021; Karki et al. 2022; Shah et al. 
2020). Additionally, it offers a range of forest services and 
goods, including animal feed, fuel wood, soil conservation, 
the restoration of damaged areas, and cultural values; nev-
ertheless, these advantages are outweighed by their nega-
tive effects. This dual application not only aids in con-
trolling the spread of IAP but also mitigates their invasive 
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plant species (IAP) in Nepal.



Page 9 of 14Dhungana et al.   Journal of Ecology and Environment (2024)48:19

impact, concurrently offering valuable resources for local 
communities.

Ageratina adenophora is valued for its medicinal proper-
ties, particularly in wound healing and expediting blood 
clotting (Singh and Ghimire 2022). In Nepal, local com-
munities utilize A. adenophora for cattle bedding, fodder, 
erosion control, hedge fencing, food (edible vegetables), 
composting, charcoal, green manure, and briquette pro-
duction (Baral and Adhikari 2017; Baral et al. 2017; Poudel 
et al. 2020; Shrestha et al. 2019a, 2019b). Moreover, beyond 
its local applications, it serves as a source of raw materials 
for developing diverse antibiotics with a broad spectrum of 
activity, owing to the high amounts of alkaloids, saponin, 
tannin, and flavonoids present in the plants’ phytochemi-
cal screening, which makes it valuable for pharmaceutical 
companies (Singh and Ghimire 2022). Globally, A. adeno-
phora is recognized for its medicinal properties in treating 
tuberculosis and malaria (Shrestha et al. 2018; Singh et al. 
2015).

The multifaceted uses of A. conyzoides are used as a me-
dicinal application for treatment of cancer, burn wounds, 
fever, skin disease as well as agricultural functioning as an 
insecticide, herbicide, and contributing to the production 
of manure and fodder (Baral et al. 2022), essential oil and 
herbal medicine from its aerial parts (Satyal et al. 2018), 
charcoal (Bhatta et al. 2021). Its global significance extends 
to traditional medicine practices, where it treats burns and 
wounds and exhibits antimicrobial properties beneficial 
for conditions like arthrosis, headaches, pneumonia, and 
stomach ailments (Kamboj and Saluja 2008).

Ageratum houstonianum holds significance in tradition-
al medicine practices, particularly in Nepal. Its global ap-
plication extends to its medicinal use, specifically for alle-
viating swelling and soreness in the throat. This therapeutic 
use is documented in studies by Lu et al. (2014) and Chaud-
hary et al. (2020).

Chromolaena odorata is utilized as animal bedding, bri-
quette, and organic manure production. The fresh juice 
extracted from this plant is used to control bleeding. Addi-
tionally, the mature stems are valuable resources for fire-
wood and fencing. While it serves as fodder for goats, cau-
tion is advised against its consumption by other animals 
due to its toxic nature (Shilpa et al. 2020). Moreover, C. 
odorata plays a role in biogas production. On a global scale, 
this plant is recognized for its medicinal properties, en-
compassing anticancer, anti-inflammatory, wound-healing, 
antifungal, and anti-diabetic activities. These versatile ap-
plications and medicinal properties have been substantiat-
ed by research studies, notably by Jha et al. (2016).

Lantana camara is also utilized as a source of firewood 
and for crafting, briquettes, and charcoal (Bhatta et al. 
2021). This plant is commonly grown as a hedge; its bark 
and leaves hold medicinal value. The young stems find use 
in tooth brushing, while the older ones are employed as 

firewood. As a fodder, it is very poisonous to cattle (IUCN 
2018). Similarly, on a global scale, this plant finds applica-
tions in diverse industries. It is employed in producing 
medicine, cosmetics, and insect repellents. Additionally, it 
is utilized in bioenergy production and for crafting tensile 
sticks used in furniture, basket making, and various cot-
tage industries. Its significance extends to butterf ly gar-
dening and honey farming (Negi et al. 2019).

Mikania micrantha is used as a fodder, green manure, 
and fertilizer due to its richness in phytochemicals. In 
eastern Nepal, compost derived from M. micrantha serves 
as livestock fodder (Shrestha 2019a). However, using IAP 
as fodder is problematic due to their rapid spread and ad-
verse effects on landscapes, reducing milk yield and caus-
ing animal abdominal disorders (Baral and Adhikari 2017; 
Baral et al. 2022). It is also employed and planted for soil 
erosion control. Globally, this plant is harnessed for vari-
ous purposes, acting as green herbicides, insecticides, bio-
cides, and fungicides. Its applications extend to the paper 
and rubber industries, as highlighted in studies by (Mishra 
2015; Shrestha 2016; Shrestha et al. 2018).

Parthenium hysterophorus is employed in Nepal for ani-
mal bedding and composting, biochar, green manure, pulp, 
and paper (Kishor et al. 2010; Shah et al. 2020) also, it is 
utilized as a medication (Kumar and Pandey 2013).

Eupatorium adenophorum is use to make a biochar, 
which also has therapeutic uses (Bhatta et al. 2021). Being a 
hemostatic, it efficiently halts bleeding from wounds and 
cuts. It may also be converted into organic fertilizer and 
used as a medication (Bhatta et al. 2021; Liu et al. 2022; 
Subba and Kandel 2012). It is utilized worldwide as a source 
for textile colors (Bhandari and Rani 2024) and produced 
charcoal (Bhatta et al. 2021).

Eupatorium odoratum is used for making charcoal 
(Bhatta et al. 2021) and textile dyes (Bhandari and Rani 
2024). The IAP have both positive and negative impacts on 
ecosystems and livelihoods. For example, IAP supply vari-
ous forest products and services, such as fuel wood, ani-
mal’s bedding, soil conservation, and cultural values. How-
ever, the negative impact on ecosystems outweighs the 
benefits necessitating their management. The IAP adverse-
ly impact different ecosystems, requiring their removal. Park 
management, in collaboration with local communities in 
buffer zones to control and utilize IAP can transform bio-
mass into valuable products. The potential utilization of 
IAP in Nepal and from a global perspective is summarized 
in Table 3.

Conclusions

Of twenty-seven IAP in Nepal, twenty-three IAP are 
found in protected areas. Most IAP are in lowland areas 
such as the Terai and Siwalik zones. Invasive alien plant 



Page 10 of 14Dhungana et al.   Journal of Ecology and Environment (2024)48:19

species are shifting from lowlands to highlands due to nat-
ural causes and anthropogenic causes such as seed disper-
sal by wind or animals, f lood, wildfire, climate change, 
land use change, urbanization, and tourism. Invasive alien 
plant species are seen as having an impact on forests and 
other ecosystems. It adversely affects native plant regenera-
tion while altering ecosystem function, species composi-
tion, and wildlife habitat, affecting the socioeconomic life 
of the people. If the invasion is continued to spread, they 
may further contribute to the decline of biodiversity. Per-
sistent invasions by IAP can have negative impacts on eco-
systems which can increased economic costs. Removing 
the IAP from forests, grasslands, and agricultural land is 
necessary to save native species, regeneration, and biodi-
versity from the precious wildlife habitat. However, due to 
some economic benefits of the IAP, it can be used to pro-
duce valuable products such as biochar, bio briquette, tra-
ditional medicine. Therefore, scientific knowledge and 
appropriate management plan for IAP are necessary. Man-

agement actions such as habitat management, native plant 
restoration, quarantine measures, regulation and monitor-
ing, early detection and rapid response and activities to in-
crease public awareness and education are important with 
the co-ordination and collaboration among stakeholders.

For future research, it is needed to evaluate the impact 
on IAP in different forest types and landscapes. Invasive 
alien plant species impact are seen in different ecosystem 
and which impact mechanisms such as competition, physi-
cal, structural effects might vary among ecosystems and 
habitats. In additions, the effectiveness of management 
measures related to IAP removal tools, techniques, and 
protocols are necessary. Beneficial use of IAP biomass at a 
local level are needed to be indentified. This systematic re-
view suggested that that the science and practice of forest 
management must be more closely integrated to address 
this difficulty.

Table 3 Use of invasive alien plant species

No.
Invasive  
species

Potential uses
References

Nepal World

1 Ageratina  
adenophora

Medicinal, vegetable, food, fodder, 
composting, cattle bedding, erosion 
control, hedge fencing, charcoal 
production, green manure, briquette.

Medicine for tuberculosis and 
malaria.

Baral et al. 2017; Poudel 
et al. 2020; Shrestha et 
al. 2018; Shrestha et al. 
2019a; Singh et al. 2015

2 Ageratum  
conyzoides

Charcoal, extracting essential oil from the 
aerial parts, traditional herbal, agriculture 
application such as insecticides, 
herbicides, manure, fodder, etc.

Traditional medicine for 
treating of burns and wounds 
headaches, pneumonia, 
stomach.

Baral et al. 2022; Bhatta 
et al. 2021; Kamboj and 
Saluja 2008; Satyal et al. 
2018

3 Ageratum 
houstonianum

Traditional medicine and therapy. Medicine, hunting, and fishing, 
reduce swelling, and soreness 
in the throat.

Chaudhary et al. 2020; Lu 
et al. 2014; Singh and 
Ghimire 2022

4 Chromolaena  
odorata

Animal bedding, organic manure, fresh 
juice to control bleeding, mature stem 
used to firewood and fencing, fodder 
for goats, Biogas but poisonous to other 
domestic animals.

Used as a medicine with 
anticancer, anti-inflammatory, 
wound healing, antifungal, and 
anti-diabetic activities.

Shilpa et al. 2020; Shrestha 
et al. 2018

5 Lantana  
camara

Firewood, briquette, charcoal, hedge, 
medicine, tooth brushing, fodder.

Medicine, cosmetics, insect 
repellents, bioenergy, tensile 
sticks for furniture, basket 
making, cottage industry, 
butterfly gardening, and honey 
farming.

Bhatta et al. 2021; Negi et 
al. 2019; Shah et al. 2020

6 Mikania  
micrantha

Fodder, green manure, and fertilizer, 
erosion control.

M. micrantha: green herbicides, 
insecticides, biocides, and 
fungicides used in the paper 
and rubber industries.

Baral and Adhikari 2017; 
Baral et al. 2022; Mishra 
2015; Shrestha 2016; 
Shrestha et al. 2018; 
Shrestha et al. 2019a

7 Parthenium 
hysterophorus

Animal bedding, composting. Biochar, compost, green manure, 
pulp, and paper.

Kishor et al. 2010; Kumar 
and Pandey 2013; Shah et 
al. 2020

8 Eupatorium 
adenophorum

Biochar, charcoal medicinal applications 
as a control bleeding.

Medicinal use, organic fertilizer. Bhatta et al. 2021; Liu et al. 
2022; Subba and Kandel 
2012

9 Eupatorium  
odoratum

Making charcoal. Textile dyes. Bhandari and Rani 2024; 
Bhatta et al. 2021



Page 11 of 14Dhungana et al.   Journal of Ecology and Environment (2024)48:19

Abbreviations
NepJOL: Nepal Journal online database
IAP: Invasive alien plant species
CBD: Convention on Biological Diversity
PQPMC: Plant Quarantine and Pesticide Management Centre
IPPC: International Plant Protection Convention
IUCN: International Union for Conservation of Nature
CFUG: Community Forest User Group
BZCFUG: Buffer Zone Community Forest User Group
NBSAP: National Biodiversity Strategy and Action Plan

Acknowledgements
Authors thanks to Faculty of Environmental Management, Prince of 
Songkla University, Hatyai Thailand for scholarships and funding.

Authors’ contributions
SD, NY, SS conceptualized and designed methodology. SD analysed 
data and performed investigation. SD, NY, SS validated the data and 
results. SD wrote original draft. SD, NY, SS reviewed and edited the 
manuscript. NY, SS supervised this project. SD, NY, SS provided 
funding. All the authors have read and agreed to published version 
of the manuscript.

Funding
Authors thanks to Faculty of Environmental Management, Prince of 
Songkla University, Hatyai Thailand for scholarships and funding.

Availability of data and materials
All data reviewed in this study are available from the corresponding 
author on request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

References
Adhikari JN, Bhattarai BP, Rokaya MB, Thapa TB. Distribution of inva-

sive plants and their association with wild ungulates in Barandabhar 
Corridor Forest, Nepal. Folia Oecol. 2022;49(2):182-91. https://doi.
org/10.2478/foecol-2022-0021.

Adhikari JN, Bhattarai BP, Thapa TB. Local people’s perception on cli-
mate change, its indicators and adaptation strategies in the Chit-
wan-Annapurna landscape, Nepal. Perspect Biodivers India. 2019;4: 
377-82.

Adkins S, Shabbir A. Biology, ecology and management of the invasive 
parthenium weed (Parthenium hysterophorus L.). Pest Manag Sci. 
2014;70(7):1023-9. https://doi.org/10.1002/ps.3708.

Aryal U, Wagle BH, Lamichhane B, Parajuli A, Thapa P. Effectiveness of 
control measures of Mikania micrantha on grassland: a case study 
from grassland in Sauraha area of Chitwan National Park. Banko 
Janakari. 2018;27(3):144-9. https://doi.org/10.3126/banko.v27i3.20559.

Baral D, Chaudhary M, Lamichhane G, Pokhrel B. Ageratum conyzoides: 
a potential source for medicinal and agricultural products. Turk J Ag-
ric Food Sci Technol. 2022;10(12):2307-13. https://doi.org/10.24925/ 
turjaf.v10i12.2307-2313.5146.

Baral HS, Adhikari B. Mikania micrantha: its status and impact on people 
and wildlife in Nepal. In: Ellison CA, Sankaran KV, Murphy ST, edi-
tors. Invasive alien plants: impacts on development and options for 
management. Wallingford: CABI; 2017. p. 59-72.

Baral S, Adhikari A, Khanal R, Malla Y, Kunwar R, Basnyat B, et al. In-
vasion of alien plant species and their impact on different ecosystems 
of Panchase Area, Nepal. Banko Janakari. 2017;27(1):31-42.

Barsila SR. High altitude rangelands invasion by non-palatable plant spe-
cies in the perception of yak herders. J Agric Environ. 2022;23:71-
89.

Bhandari B, Rani A. A sustainable approach to textile dyeing using weed 
plant extract. In: Gupta T, Gupta BS, editors. A treatise on recent 
trends and sustainability in crafts & design: vol-II. Jaipur: Indian In-
stitute of Crafts & Design; 2024. p. 42-5.

Bhandari R. Occurrence of Invasive Alien Plant Species (IAPS) in the 
habitat of Swamp Deer (Cervus Duvaaucelii Cuvier, 1823) of Shuk-
laphanta National Park, Nepal [Thesis]. Kathmandu: Tribhuvan Uni-
versity; 2019.

Bhatt S, Siwakoti M, Shrestha BB. Invasive alien plants in the protected 
areas of Nepal: diversity, impacts and management. In: Siwakoti M, 
Mandal TN, Rai SK, Rai SK, Gautam TP, Aryal HP, et al., editors. 
Integrating biological resources for prosperity. Kathmandu: Botani-
cal Society of Nepal, Nepal Biological Society, and Department of 
Plant Resources; 2021. p. 100-15.

Bhatta KP, Neupane MP, Aryal A, Khanal S. Impact of invasive alien 
plant species removal in the forest management: findings from Terai 
and Mid-Hills of Nepal. J For Res. 2021;10(1):254.

Bhatta R, Sharma P, Pal P. Clinical evaluation of Ageratum houstonianum 
mill intoxicated goats. J Agric For Univ. 2022;5:277-83.

Bhatta S, Joshi LR, Shrestha BB. Distribution and impact of invasive alien 
plant species in Bardia National Park, western Nepal. Environ Conserv. 
2020;47(3):197-205. https://doi.org/10.1017/S0376892920000223.

Bhattacharjee A, Anadón JD, Lohman DJ, Doleck T, Lakhankar T, Shres-
tha BB, et al. The impact of climate change on biodiversity in Nepal: 
current knowledge, lacunae, and opportunities. Climate. 2017;5(4): 
80. https://doi.org/10.3390/cli5040080.

Binadi D, Jha SK, Pant RR, Thapa LB. Comparative analysis of rhizo-
sphere fungi in Ageratina adenophora and associated native species 
in far-Western Nepal. Tribhuvan Univ J. 2023;38(1):1-18. https://doi.
org/10.3126/tuj.v38i01.56139.

Binggeli P. A taxonomic, biogeographical and ecological overview of in-
vasive woody plants. J Veg Sci. 1996;7(1):121-4. https://doi.org/10. 
2307/3236424.

Bolch EA, Santos MJ, Ade C, Khanna S, Basinger NT, Reader MO, et al. 
Remote detection of invasive alien species. In: Cavender-Bares J, 
Gamon JA, Townsend PA, editors. Remote sensing of plant biodiver-

https://doi.org/10.2478/foecol-2022-0021
https://doi.org/10.2478/foecol-2022-0021
https://www.researchgate.net/profile/Zakir-Hussain-Khanday/publication/354984312_Proceedings_of_IBC_2018/links/61568d4161a8f466708fd7cc/Proceedings-of-IBC-2018.pdf
https://www.researchgate.net/profile/Zakir-Hussain-Khanday/publication/354984312_Proceedings_of_IBC_2018/links/61568d4161a8f466708fd7cc/Proceedings-of-IBC-2018.pdf
https://www.researchgate.net/profile/Zakir-Hussain-Khanday/publication/354984312_Proceedings_of_IBC_2018/links/61568d4161a8f466708fd7cc/Proceedings-of-IBC-2018.pdf
https://www.researchgate.net/profile/Zakir-Hussain-Khanday/publication/354984312_Proceedings_of_IBC_2018/links/61568d4161a8f466708fd7cc/Proceedings-of-IBC-2018.pdf
https://doi.org/10.1002/ps.3708
https://doi.org/10.3126/banko.v27i3.20559
https://doi.org/10.24925/turjaf.v10i12.2307-2313.5146
https://doi.org/10.24925/turjaf.v10i12.2307-2313.5146
https://www.cabidigitallibrary.org/doi/10.1079/9781780646275.0059
https://www.cabidigitallibrary.org/doi/10.1079/9781780646275.0059
https://www.cabidigitallibrary.org/doi/10.1079/9781780646275.0059
https://www.cabidigitallibrary.org/doi/10.1079/9781780646275.0059
https://pdfs.semanticscholar.org/42a3/b830858f2e371f3d3557a9703e82a12f377c.pdf
https://pdfs.semanticscholar.org/42a3/b830858f2e371f3d3557a9703e82a12f377c.pdf
https://pdfs.semanticscholar.org/42a3/b830858f2e371f3d3557a9703e82a12f377c.pdf
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20220459487
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20220459487
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20220459487
https://www.iicd.ac.in/wp-content/uploads/2022/08/IICD-Conference-Book-final.pdf
https://www.iicd.ac.in/wp-content/uploads/2022/08/IICD-Conference-Book-final.pdf
https://www.iicd.ac.in/wp-content/uploads/2022/08/IICD-Conference-Book-final.pdf
https://www.iicd.ac.in/wp-content/uploads/2022/08/IICD-Conference-Book-final.pdf
https://elibrary.tucl.edu.np/handle/123456789/1375
https://elibrary.tucl.edu.np/handle/123456789/1375
https://elibrary.tucl.edu.np/handle/123456789/1375
https://elibrary.tucl.edu.np/handle/123456789/1375
https://www.researchgate.net/publication/352522766_Invasive_Alien_Plants_in_the_Protected_Areas_of_Nepal_Diversity_Impacts_and_Management
https://www.researchgate.net/publication/352522766_Invasive_Alien_Plants_in_the_Protected_Areas_of_Nepal_Diversity_Impacts_and_Management
https://www.researchgate.net/publication/352522766_Invasive_Alien_Plants_in_the_Protected_Areas_of_Nepal_Diversity_Impacts_and_Management
https://www.researchgate.net/publication/352522766_Invasive_Alien_Plants_in_the_Protected_Areas_of_Nepal_Diversity_Impacts_and_Management
https://www.researchgate.net/publication/352522766_Invasive_Alien_Plants_in_the_Protected_Areas_of_Nepal_Diversity_Impacts_and_Management
https://www.researchgate.net/publication/352522766_Invasive_Alien_Plants_in_the_Protected_Areas_of_Nepal_Diversity_Impacts_and_Management
https://www.longdom.org/open-access/impact-of-invasive-alien-plant-species-removal-in-the-forest-management-findings-from-terai-and-midhills-of-nepal-65456.html
https://www.longdom.org/open-access/impact-of-invasive-alien-plant-species-removal-in-the-forest-management-findings-from-terai-and-midhills-of-nepal-65456.html
https://www.longdom.org/open-access/impact-of-invasive-alien-plant-species-removal-in-the-forest-management-findings-from-terai-and-midhills-of-nepal-65456.html
https://old.afu.edu.np/sites/default/files/Clinical_evaluation_of_Ageratum_houstonianum_Mill_intoxicated_goats.pdf
https://old.afu.edu.np/sites/default/files/Clinical_evaluation_of_Ageratum_houstonianum_Mill_intoxicated_goats.pdf
https://doi.org/10.1017/S0376892920000223
https://doi.org/10.3390/cli5040080
https://doi.org/10.3126/tuj.v38i01.56139
https://doi.org/10.3126/tuj.v38i01.56139
https://doi.org/10.2307/3236424
https://doi.org/10.2307/3236424
https://doi.org/10.1007/978-3-030-33157-3_12
https://doi.org/10.1007/978-3-030-33157-3_12
https://doi.org/10.1007/978-3-030-33157-3_12


Page 12 of 14Dhungana et al.   Journal of Ecology and Environment (2024)48:19

sity. Cham: Springer; 2020. p. 267-307.
Brooks ML, D’Antonio CM, Richardson DM, Grace JB, Keeley JE, 

DiTomaso JM, et al. Effects of invasive alien plants on fire regimes. 
BioScience. 2004;54(7):677-88. https://doi.org/10.1641/0006-3568(2
004)054[0677:EOIAPO]2.0.CO;2.

Catford JA, Baumgartner JB, Vesk PA, White M, Buckley YM, McCar-
thy MA. Disentangling the four demographic dimensions of species 
invasiveness. J Ecol. 2016;104(6):1745-58. https://doi.org/10.1111/ 
1365-2745.12627.

Chaudhary R, Shrestha BB, Thapa H, Siwakoti M. Status and impacts of 
invasive alien plant species in Parsa National Park, central Nepal. 
Banko Janakari. 2020;30(1):21-31. https://doi.org/10.3126/banko.
v30i1.29179.

Chitwan National Park. Chitwan National Park and its buffer zone: man-
agement plan 2013-2017. Chitwan: Chitwan National Park Office; 
2018.

Convention on Biological Diversity (CBD). Decision VI/23; Alien Species 
that Threaten Ecosystems, Habitats or Species. 1992. https://www.
cbd.int/doc/decisions/cop-06-dec-23-en.pdf. Accessed Sep 2023.

Convention on Biological Diversity (CBD). Global Strategy for Plant 
Conservation. 2014. https://www.cbd.int/gspc/. Accessed Sep 2023.

Foxcroft LC, Jarošík V, Pyšek P, Richardson DM, Rouget M. Protect-
ed-area boundaries as filters of plant invasions. Conserv Biol. 
2011;25(2):400-5. https://doi.org/10.1111/j.1523-1739.2010.01617.x.

Gaudel G, Hui ZW, Hung DQ, Hien LT, Xiao L. 2016. Assessment of in-
vasive alien plant species: impact on carbon sequestration. Imp J In-
terdiscip Res. 2016a;2(10):51-65.

Gaudel G, Hung DQ, Hien LT, Xiao L. Invasive alien species: threats and 
challenges for biodiversity conservation (a case study of Parsa wild-
life reserve, Nepal). Res J Agric For Sci. 2016b;4(9):6-13.

Glowka L, Burhenne-Guilmin F, Synge H, McNeely JA, Gündling L. A 
guide to the convention on biological diversity. Gland: IUCN; 1994.

Gorchov DL, Blossey B, Averill KM, Dávalos A, Mason Heberling J, 
Jenkins MA, et al. Differential and interacting impacts of invasive 
plants and white-tailed deer in eastern U.S. forests. Biol Invasions. 
2021;23(9):2711-27. https://doi.org/10.1007/s10530-021-02551-2.

Gupta S, Kumar N, Verma D, Bachheti A, Arya AK, Joshi KK, et al. Im-
pacts of invasive alien plant species on biodiversity in the regions of 
Western Himalayas, India: an overview. In: Kumar V, Kumar S, 
Kamboj N, Payum T, Kumar P, Kumari S, editors. Biological diver-
sity: current status and conservation policies. Haridwar: Agro Envi-
ron Media; 2021. p. 123-35.

Gyawali U, Mandal RA, Mathema AB, Subedi A. Assessing the popula-
tion dynamics of blackbuck, its habitat condition and peoples inter-
action in Blackbuck Conservation Area, Khairapur Nepal. 
2020;3(1):1-8. https://doi.org/10.22259/2639-3662.0301001.

Hobbs RJ, Huenneke LF. Disturbance, diversity, and invasion: implica-
tions for conservation. Conserv Biol. 1992;6(3):324-37.

International Union for Conservation of Nature (IUCN). Habitats Classi-
fication Scheme (Version 3.1). 2018. https://www.iucnredlist.org/re-
sources/habitat-classification-scheme. Accessed 18 Mar 2023.

IPBES. Summary for policymakers of the global assessment report on 
biodiversity and ecosystem services. Bonn: IPBES Secretariat; 2019.

Joshi GD. Diversity of naturalized plant species across different land use 

types in Kailali district, Western Nepal [Thesis]. Kathmandu: Tribhu-
van University; 2019.

Kamboj A, Saluja AK. Ageratum conyzoides L.: a review on its phyto-
chemical and pharmacological profile. Int J Green Pharm. 2008;2(2): 
59-68.

Karki R, Dixit S, Chaudhari SK, Dhamala MK, Bhatta S, Khadka D. 
Richness and impact of invasive alien species plant in trees of Shivapuri 
Nagarjun National Park, Central Nepal. J Environ Sci. 2022;8:80-93.

Khadka A. Assessment of the perceived effects and management chal-
lenges of Mikania micrantha invasion in Chitwan National Park buf-
fer zone community forest, Nepal. Heliyon. 2017;3(4):e00289. 
https://doi.org/10.1016/j.heliyon.2017.e00289.

Kishor P, Ghosh AK, Singh S, Maurya BR. Potential use of Parthenium 
(Parthenium hysterophorus L.) in agriculture. Asian J Agric Res. 
2010;4(4):220-5.

Kleyheeg E, Treep J, de Jager M, Nolet BA, Soons MB. Seed dispersal 
distributions resulting from landscape-dependent daily movement 
behaviour of a key vector species, Anas platyrhynchos. J Ecol. 2017; 
105:1279-89. https://doi.org/10.1111/1365-2745.12738.

Koshi Tappu Wildlife Reserve. Koshi Tappu wildlife reserve and it’s buf-
fer zone management plan (2074/75-2078/79). Sunsari: Koshi Tappu 
Wildlife Reserve Office; 2018.

Kumar S, Pandey AK. Chemistry and biological activities of flavonoids: 
an overview. ScientificWorldJournal. 2013;2013:162750. https://doi.
org/10.1155/2013/162750.

Lake JC, Leishman MR. Invasion success of exotic plants in natural eco-
systems: the role of disturbance, plant attributes and freedom from 
herbivores. Biol Conserv. 2004;117(2):215-26. https://doi.org/10. 
1016/S0006-3207(03)00294-5.

Lamsal A, Devkota MP, Shrestha DS, Joshi S, Shrestha A. Seed germina-
tion ecology of Ageratum houstonianum: a major invasive weed in 
Nepal. PLoS One. 2019;14(11):e0225430. https://doi.org/10.1371/
journal.pone.0225430.

Lamsal P, Kumar L, Atreya K. Historical evidence of climatic variability 
and changes, and its effect on high-altitude regions: insights from 
Rara and Langtang, Nepal. Int J Sustain Dev World Ecol. 
2017;24(6):471-84. https://doi.org/10.1080/13504509.2016.1198939.

Li H, Kang Z, Liu Y, Lee ST. Carbon nanodots: synthesis, properties and 
applications. J Mater Chem. 2012;22:24230-53. https://doi.org/10. 
1039/C2JM34690G.

Li YP, Feng YL, Chen YJ, Tian YH. Soil microbes alleviate allelopathy 
of invasive plants. Sci Bull. 2015;60:1083-91. https://doi.org/10. 
1007/s11434-015-0819-7.

Liu H, Wang Y, Zhao Q. Converting invasive aster (Ageratina adenopho-
ra L.) into organic fertilizer source. ScienceAsia. 2022;48:294-301. 
https://doi.org/10.2306/scienceasia1513-1874.2022.038

Lowe S, Browne M, Boudjelas S, De Poorter M. 100 of the world’s worst 
invasive alien species: a selection from the global invasive species 
database. Auckland: The Invasive Species Specialist Group (ISSG) a 
specialist group of the Species Survival Commission (SSC) of the 
World Conservation Union (IUCN); 2000.

Lu X, Shao X, Ding J. No impact of a native beetle on exotic plant per-
formance and competitive ability due to plant compensation. Plant 
Ecol. 2014;215:275-84. https://doi.org/10.1007/s11258-014-0296-0.

https://doi.org/10.1007/978-3-030-33157-3_12
https://doi.org/10.1641/0006-3568(2004)054[0677:EOIAPO]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[0677:EOIAPO]2.0.CO;2
https://doi.org/10.1111/1365-2745.12627
https://doi.org/10.1111/1365-2745.12627
https://doi.org/10.3126/banko.v30i1.29179
https://doi.org/10.3126/banko.v30i1.29179
https://chitwannationalpark.gov.np/index.php/publications/28-management-plan-printed/file
https://chitwannationalpark.gov.np/index.php/publications/28-management-plan-printed/file
https://chitwannationalpark.gov.np/index.php/publications/28-management-plan-printed/file
https://www.cbd.int/doc/decisions/cop-06-dec-23-en.pdf
https://www.cbd.int/doc/decisions/cop-06-dec-23-en.pdf
https://www.cbd.int/gspc/
https://doi.org/10.1111/j.1523-1739.2010.01617.x
https://www.researchgate.net/publication/331087446_Assessment_of_Invasive_Alien_Plant_Species_Impact_on_Carbon_Sequestration
https://www.researchgate.net/publication/331087446_Assessment_of_Invasive_Alien_Plant_Species_Impact_on_Carbon_Sequestration
https://www.researchgate.net/publication/331087446_Assessment_of_Invasive_Alien_Plant_Species_Impact_on_Carbon_Sequestration
https://www.isca.in/AGRI_FORESTRY/Archive/v4/i9/2.ISCA-RJAFS-2016-027.pdf
https://www.isca.in/AGRI_FORESTRY/Archive/v4/i9/2.ISCA-RJAFS-2016-027.pdf
https://www.isca.in/AGRI_FORESTRY/Archive/v4/i9/2.ISCA-RJAFS-2016-027.pdf
https://portals.iucn.org/library/efiles/documents/EPLP-no.030.pdf
https://portals.iucn.org/library/efiles/documents/EPLP-no.030.pdf
https://doi.org/10.1007/s10530-021-02551-2
https://www.aesacademy.org/books/bdcp-vol-1/BDCP-2021-08.pdf
https://www.aesacademy.org/books/bdcp-vol-1/BDCP-2021-08.pdf
https://www.aesacademy.org/books/bdcp-vol-1/BDCP-2021-08.pdf
https://www.aesacademy.org/books/bdcp-vol-1/BDCP-2021-08.pdf
https://www.aesacademy.org/books/bdcp-vol-1/BDCP-2021-08.pdf
https://www.aesacademy.org/books/bdcp-vol-1/BDCP-2021-08.pdf
https://doi.org/10.22259/2639-3662.0301001
http://www.jstor.org/stable/2386033
http://www.jstor.org/stable/2386033
https://www.iucnredlist.org/resources/habitat-classification-scheme
https://www.iucnredlist.org/resources/habitat-classification-scheme
https://zenodo.org/records/3553579
https://zenodo.org/records/3553579
https://elibrary.tucl.edu.np/handle/123456789/17107
https://elibrary.tucl.edu.np/handle/123456789/17107
https://elibrary.tucl.edu.np/handle/123456789/17107
https://www.greenpharmacy.info/index.php/ijgp/article/view/29
https://www.greenpharmacy.info/index.php/ijgp/article/view/29
https://www.greenpharmacy.info/index.php/ijgp/article/view/29
https://www.researchgate.net/publication/362060992_Richness_and_Impact_of_Invasive_Alien_Species_Plant_in_Trees_of_Shivapuri_Nagarjun_National_Park_Central_Nepal
https://www.researchgate.net/publication/362060992_Richness_and_Impact_of_Invasive_Alien_Species_Plant_in_Trees_of_Shivapuri_Nagarjun_National_Park_Central_Nepal
https://www.researchgate.net/publication/362060992_Richness_and_Impact_of_Invasive_Alien_Species_Plant_in_Trees_of_Shivapuri_Nagarjun_National_Park_Central_Nepal
https://doi.org/10.1016/j.heliyon.2017.e00289
https://www.cabidigitallibrary.org/doi/full/10.5555/20103354640
https://www.cabidigitallibrary.org/doi/full/10.5555/20103354640
https://www.cabidigitallibrary.org/doi/full/10.5555/20103354640
https://doi.org/10.1111/1365-2745.12738
https://faolex.fao.org/docs/pdf/nep220152.pdf
https://faolex.fao.org/docs/pdf/nep220152.pdf
https://faolex.fao.org/docs/pdf/nep220152.pdf
https://doi.org/10.1155/2013/162750
https://doi.org/10.1155/2013/162750
https://doi.org/10.1016/S0006-3207(03)00294-5
https://doi.org/10.1016/S0006-3207(03)00294-5
https://doi.org/10.1371/journal.pone.0225430
https://doi.org/10.1371/journal.pone.0225430
https://doi.org/10.1080/13504509.2016.1198939
https://doi.org/10.1039/C2JM34690G
https://doi.org/10.1039/C2JM34690G
https://doi.org/10.1007/s11434-015-0819-7
https://doi.org/10.1007/s11434-015-0819-7
https://doi.org/10.2306/scienceasia1513-1874.2022.038
https://portals.iucn.org/library/sites/library/files/documents/2000-126.pdf
https://portals.iucn.org/library/sites/library/files/documents/2000-126.pdf
https://portals.iucn.org/library/sites/library/files/documents/2000-126.pdf
https://portals.iucn.org/library/sites/library/files/documents/2000-126.pdf
https://portals.iucn.org/library/sites/library/files/documents/2000-126.pdf
https://doi.org/10.1007/s11258-014-0296-0


Page 13 of 14Dhungana et al.   Journal of Ecology and Environment (2024)48:19

Maharjan S, Shrestha BB, Devktoa A, Aryal PC, Rangaswami M, Jha 
PK. Impact of the leaf-feeding beetle Zygogramma bicolorata Pallis-
ter on the growth of Parthenium hysterophorus L. in climatically dif-
ferent locations of Nepal. Nepal J Sci Technol. 2021;20(1):61-72. 
https://doi.org/10.3126/njst.v20i1.43355.

Margules CR, Pressey RL. Systematic conservation planning. Nature. 
2000;405(6783):243-53. https://doi.org/10.1038/35012251.

Ministry of Culture Tourism and Civil Aviation Planning and Evaluation 
Division. Nepal tourism statistics 2012. Kathmandu: Ministry of 
Culture, Tourism and Civil Aviation Planning and Evaluation Divi-
sion, Government of Nepal; 2013.

Ministry of Forests and Soil Conservation. Nepal national biodiversity 
strategy and action plan 2014-2020. Kathmandu: Ministry of Forests 
and Soil Conservation, Government of Nepal; 2014.

Mishra A. Effect of Lantana camara leaf aqueous extract on transpiration 
rate of some plants. Zenith Int J Multidiscip Res. 2015;5(1):130-4.

Murphy ST, Subedi N, Jnawali SR, Lamichhane BR, Upadhyay GP, Kock 
R, et al. Invasive mikania in Chitwan National Park, Nepal: the threat 
to the greater one-horned rhinoceros Rhinoceros unicornis and fac-
tors driving the invasion. Oryx. 2013;47(3):361-8. https://doi.org/10. 
1017/S003060531200124X.

Muscolo A, Bagnato S, Sidari M, Mercurio R. A review of the roles of 
forest canopy gaps. J For Res. 2014;25:725-36. https://doi.org/10. 
1007/s11676-014-0521-7.

Namkeleja H, Tarimo M, Ndakidemi P. Allelopathic effects of Argemone 
mexicana to growth of native plant species. Am J Plant Sci. 2014;5: 
1336-44. https://doi.org/10.4236/ajps.2014.59147.

Napit R. Species diversity, forest community structure and regeneration 
in Banke National Park. Nepal J Sci Technol. 2015;16(1):17-30. 
https://doi.org/10.3126/njst.v16i1.14354.

Negi GCS, Sharma S, Vishvakarma SC, Samant SS, Maikhuri RK, Prasad 
RC, et al. Ecology and use of Lantana camara in India. Bot Rev. 
2019;85:109-30. https://doi.org/10.1007/s12229-019-09209-8.

Neupane A, Acharya KR. Status and impact assessment of invasive alien 
plant species (IAPS): a case study from Galyang Municipality, 
Syangja Nepal. Paper presented at: International Conference on Nat-
ural Resources, Agriculture and Society in Changing Climate (NRACC 
2019); 2019 Aug 17-19; Lalitpur, Nepal. Kathmandu: Kathmandu Uni-
versity, 2019.

Panedy K, Poudel G, Neupane A, Acharya KR, Adhikari S. Status of in-
vasive alien plant species in urban forest of Hetauda, Nepal. For J 
Inst For Nepal. 2021;18(1):107-18. https://doi.org/10.3126/forestry.
v18i01.41764.

Parsa National Park. Parsa national park and its buffer zone management 
plan (FY 2075/76-2079/80). Bara: Parsa National Park Office; 2018.

Paudel PK, Bhattarai BP, Kindlmann P. An overview of the biodiversity 
in Nepal. In: Kindlmann P, editor. Himalayan biodiversity in the 
changing world. Dordrecht: Springer; 2012. p. 1-40.

Pertin N, Sutradhar J, Das AP. Allelopathic effects of two important exot-
ic weeds, Ageratum houstonianum Mill. and Chromolaena odorata 
(L.) R.M. King & H. Rob. on some crop plants. Pleione. 2018;12(1): 
45-51. https://doi.org/10.26679/Pleione.12.1.2018.045-051.

Potgieter LJ, Gaertner M, O’Farrell PJ, Richardson DM. Perceptions of 
impact: invasive alien plants in the urban environment. J Environ 

Manag. 2019;229:76-87. https://doi.org/10.1016/j.jenvman.2018.05.080.
Poudel AS, Shrestha BB, Joshi MD, Muniappan R, Adiga A, Venkatra-

manan S, et al. Predicting the current and future distribution of the 
invasive weed Ageratina adenophora in the Chitwan-Annapurna 
Landscape, Nepal. Mt Res Dev. 2020;40(2):R61. https://doi.org/10. 
1659/MRD-JOURNAL-D-19-00069.1.

Poudel M, Adhikari P, Thapa K. Biology and control methods of the alien 
invasive weed Mikania micrantha: a review. Environ Contam Rev. 
2019;2(2):6-12. https://doi.org/10.26480/ecr.02.2019.06.12.

Prins HHT, Liefting Y, de Jong JF. Marginal farmers carry the burden of 
damage caused by Asian elephants Elephas maximus in Bardiya Na-
tional Park, Nepal. Oryx. 2022;56(1):73-81. https://doi.org/10.1017/
S0030605319001431.

Radosevich SR, Prather T, Ghersa CM, Lass L. Implementing sci-
ence-based invasive plant management. In: Inderjit, editor. Manage-
ment of invasive weeds. Dordrecht: Springer; 2009. p. 345-59.

Rai PK, Singh JS. Invasive alien plant species: their impact on environ-
ment, ecosystem services and human health. Ecol Indic. 2020;111: 
106020. https://doi.org/10.1016/j.ecolind.2019.106020.

Rico-Sánchez AE, Sundermann A, López-López E, Torres-Olvera MJ, 
Mueller SA, Haubrock PJ. Biological diversity in protected areas: 
not yet known but already threatened. Glob Ecol Conserv. 2020;22: 
e01006. https://doi.org/10.1016/j.gecco.2020.e01006.

Roy HE, Bacher S, Essl F, Adriaens T, Aldridge DC, Bishop JDD, et al. 
Developing a list of invasive alien species likely to threaten biodiver-
sity and ecosystems in the European Union. Glob Chang Biol. 2019; 
25(3):1032-48. https://doi.org/10.1111/gcb.14527.

Saha B, Devi C, Khwairakpam M, Kalamdhad AS. Vermicomposting and 
anaerobic digestion - viable alternative options for terrestrial weed 
management - a review. Biotechnol Rep (Amst). 2017;17:70-6. 
https://doi.org/10.1016/j.btre.2017.11.005.

Sapkota J, Pant RR, Pokhrel CP, Thapa LB. Plant communities and alien 
invasion in Kalika community forest, Kailai district, Sudurpashchim 
Province, Nepal. Geogr J Nepal. 2023;16:97-110. https://doi.org/10. 
3126/gjn.v16i01.53487.

Satyal P, Chuong NTH, Pham VT, Hung NH, Hien VT, Setzer WN. 
Chemical composition of the essential oils of Pogostemon auriculari-
us, a Vietnamese medicinal plant. Nat Product Commun. 2018;13(5): 
617-20. https://doi.org/10.1177/1934578X1801300524.

Shackleton RT, Biggs R, Richardson DM, Larson BMH. Social-ecologi-
cal drivers and impacts of invasion-related regime shifts: conse-
quences for ecosystem services and human wellbeing. Environ Sci 
Policy. 2018;89:300-14. https://doi.org/10.1016/j.envsci.2018.08.005.

Shah KK, Tiwari I, Tripathi S, Subedi S, Shrestha J. Invasive alien plant 
species: a threat to biodiversity and agriculture in Nepal. Agriways. 
2020;8(1):62-73. https://doi.org/10.38112/agw.2020.v08i01.008.

Shiferaw W, Demissew S, Bekele T. Invasive alien plant species in Ethio-
pia: ecological impacts on biodiversity a review paper. Int J Mol Biol 
Open Access. 2018;3(4):171-8. https://doi.org/10.15406/ijmboa. 
2018.03.00072.

Shilpa V, Rupesh Kumar M, Harshitha HS, Chinthana HB, Ramesh B. 
Pharmacological and phytochemical evaluation of Chromolaena odo-
rata. Int J Pharm Drug Anal. 2020;8(6):1-5.

Shrestha BB. Invasive alien plant species in Nepal. In: Jha PK, Siwakoti 

https://doi.org/10.3126/njst.v20i1.43355
https://doi.org/10.1038/35012251
https://nepalindata.com/media/resources/bulkuploaded/Nepal_Tourism_Statistics_2012_Eng_Jan18.pdf
https://nepalindata.com/media/resources/bulkuploaded/Nepal_Tourism_Statistics_2012_Eng_Jan18.pdf
https://nepalindata.com/media/resources/bulkuploaded/Nepal_Tourism_Statistics_2012_Eng_Jan18.pdf
https://nepalindata.com/media/resources/bulkuploaded/Nepal_Tourism_Statistics_2012_Eng_Jan18.pdf
https://www.cbd.int/doc/world/np/np-nbsap-v2-en.pdf
https://www.cbd.int/doc/world/np/np-nbsap-v2-en.pdf
https://www.cbd.int/doc/world/np/np-nbsap-v2-en.pdf
https://www.researchgate.net/publication/278620380_Effect_of_Lcamara_leaf_acqeous_extract_on_transpiration_rate_of_some_plants
https://www.researchgate.net/publication/278620380_Effect_of_Lcamara_leaf_acqeous_extract_on_transpiration_rate_of_some_plants
https://doi.org/10.1017/S003060531200124X
https://doi.org/10.1017/S003060531200124X
https://doi.org/10.1007/s11676-014-0521-7
https://doi.org/10.1007/s11676-014-0521-7
https://doi.org/10.4236/ajps.2014.59147
https://doi.org/10.3126/njst.v16i1.14354
https://doi.org/10.1007/s12229-019-09209-8
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20210296906
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20210296906
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20210296906
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20210296906
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20210296906
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20210296906
https://doi.org/10.3126/forestry.v18i01.41764
https://doi.org/10.3126/forestry.v18i01.41764
https://dnpwc.gov.np/media/publication/Parsa_National_Park__Management_Plan_2075.pdf
https://dnpwc.gov.np/media/publication/Parsa_National_Park__Management_Plan_2075.pdf
https://doi.org/10.1007/978-94-007-1802-9_1
https://doi.org/10.1007/978-94-007-1802-9_1
https://doi.org/10.1007/978-94-007-1802-9_1
https://doi.org/10.26679/Pleione.12.1.2018.045-051
https://doi.org/10.1016/j.jenvman.2018.05.080
https://doi.org/10.1659/MRD-JOURNAL-D-19-00069.1
https://doi.org/10.1659/MRD-JOURNAL-D-19-00069.1
https://doi.org/10.26480/ecr.02.2019.06.12
https://doi.org/10.1017/S0030605319001431
https://doi.org/10.1017/S0030605319001431
https://doi.org/10.1007/978-1-4020-9202-2_17
https://doi.org/10.1007/978-1-4020-9202-2_17
https://doi.org/10.1007/978-1-4020-9202-2_17
https://doi.org/10.1016/j.ecolind.2019.106020
https://doi.org/10.1016/j.gecco.2020.e01006
https://doi.org/10.1111/gcb.14527
https://doi.org/10.1016/j.btre.2017.11.005
https://doi.org/10.3126/gjn.v16i01.53487
https://doi.org/10.3126/gjn.v16i01.53487
https://doi.org/10.1177/1934578X1801300524
https://doi.org/10.1016/j.envsci.2018.08.005
https://doi.org/10.38112/agw.2020.v08i01.008
https://doi.org/10.15406/ijmboa.2018.03.00072
https://doi.org/10.15406/ijmboa.2018.03.00072
https://www.neliti.com/publications/409507/pharmacological-and-phytochemical-evaluation-of-chromolaena-odorata
https://www.neliti.com/publications/409507/pharmacological-and-phytochemical-evaluation-of-chromolaena-odorata
https://www.neliti.com/publications/409507/pharmacological-and-phytochemical-evaluation-of-chromolaena-odorata
https://d1wqtxts1xzle7.cloudfront.net/49096205/2016_Shrestha_BB_Invasive_alien_plant_species_in_Nepal-libre.pdf?1474772515=&response-content-disposition=inline%3B+filename%3DInvasive_Alien_Plant_Species_in_Nepal.pdf&Expires=1714655351&Signature=ThlN9Z8b6-Gf6sqJLlZnb0fQJ66KT00OZAR4aw8hK5p0iHbJRlXkgCjUpVvDzIc~akQf05jfGSZMsqmQ5afxq0Q-mdqvkxaNgrsCHZMusbViZqzQPXttiQ1XZcCqutkQrVqgKNIZz0kZkhQm2oqndQyH8~Lo0iP5gMFz9u0WNIcXQ2T6ICs3U-MK8Z0np462Sxb07Sgj5ITpTNJDKwpnX1hq74GcfROvrlsnDJyAHloGyQmcRdmVHAQVheMG~9xY0950ZIMLdGRZsyo0CwtefZhgzGLF1ng-oFBCcTVbqjdkgnF~pKSR070PdQxYDrfC1MGqkKH3n-l8SKLBO18yrw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA


Page 14 of 14Dhungana et al.   Journal of Ecology and Environment (2024)48:19

M, Rajbhandary S, editors. Frontiers of botany. Kathmandu: Central 
Department of Botany Tribhuvan University; 2016. p. 269-84.

Shrestha BB. Management of invasive alien plants in Nepal: current 
practices and future prospects. In: Garkoti SC, Bloem SJV, Fulé PZ, 
Semwal RL, editors. Tropical ecosystems: structure, functions and 
challenges in the face of global change. Singapore: Springer; 2019a. 
p. 45-68.

Shrestha BB, Joshi S, Bisht N, Yi S, Kotru R, Chaudhary RP, et al. Inven-
tory and impact assessment of invasive alien plant species in Kailash 
sacred landscape (ICIMOD Working Paper 2018/2). Kathmandu: In-
ternational Centre for Integrated Mountain Development (ICIMOD); 
2018.

Shrestha BB, Pokhrel K, Paudel N, Poudel S, Shabbir A, Adkins SW. 
Distribution of Parthenium hysterophorus and one of its biological 
control agents Zygogramma bicolorata in Nepal. Weed Res. 2019b; 
59(6):467-78.

Shrestha BB, Shabbir A, Adkins SW. Parthenium hysterophorus in Nepal: 
a review of its weed status and possibilities for management. Weed 
Res. 2015b;55(2):132-44. https://doi.org/10.1111/wre.12133.

Shrestha BB, Shrestha UB, Sharma KP, Thapa-Parajuli RB, Devkota A, 
Siwakoti M. Community perception and prioritization of invasive 
alien plants in Chitwan-Annapurna Landscape, Nepal. J Environ 
Manag. 2019a;229:38-47. https://doi.org/10.1016/j.jenvman.2018. 
06.034.

Shrestha K, Shakya B, Adhikari B, Nepal M, Shaoliang Y. Ecosystem 
services valuation for conservation and development decisions: a re-
view of valuation studies and tools in the Far Eastern Himalaya. 
Ecosyst Serv. 2023;61:101526. https://doi.org/10.1016/j.ecoser.2023. 
101526.

Shrestha S. Distribution, effect and utilization of Mikania micrantha on 
livelihood: case study of Janakauli buffer zone community forest of 
Chitwan National Park. J Agric Nat Resour. 2019b;2(1):95-108. 
https://doi.org/10.3126/janr.v2i1.26049.

Shrestha S. Impact of invasive alien species and gender. Int J Res 
Granthaalayah. 2021;9(1):78-84. https://doi.org/10.29121/granthaa-
layah.v9.i1.2021.2859.

Simberloff D, Martin JL, Genovesi P, Maris V, Wardle DA, Aronson J, et 
al. Impacts of biological invasions: what’s what and the way forward. 
Trends Ecol Evol. 2013;28(1):58-66. https://doi.org/10.1016/j.
tree.2012.07.013.

Singh AG, Ghimire RK. Impact of invasive alien plant species on native 
vegetation of Chhatrakot rural municipality, Gulmi District, Lumbini 
Province. Butwal Campus J. 2022;5(1):123-42. https://doi.org/10. 
3126/bcj.v5i1.50193.

Singh NP, Gajurel PR, Rethy P. Ethnomedicinal value of traditional food 
plants used by the Zeliang tribe of Nagaland. Indian J Tradit Knowl. 
2015;14(2):298-305.

Subba B, Kandel RC. Chemical composition and bioactivity of essential 
oil of Ageratina adenophora from Bhaktapur District of Nepal. J Nepal 
Chem Soc. 2012;30:78-86. https://doi.org/10.3126/jncs.v30i0.9350.

Thapa LB, Kaewchumnong K, Sinkkonen A, Sridith K. Impacts of inva-
sive Chromolaena odorata on species richness, compositionand seed-
ling recruitment of Shorea robusta in a tropical Sal forest, Nepal. 
Songklanakarin J Sci Technol. 2016;38 (6):683-9.

Ulak S, Awasthi KD, Pradhan DK. Effect of invasive Mikania micrantha 
in regeneration diversity and biological sequestration in Kumrose 
buffer zone community forest: a study from central Nepal. In: Thani 
PR, Rajendra KC, Sharma BK, editors. Proceedings of a national 
workshop Mainstreaming Biodiversity and Ecosystem Services into 
Community Forestry in Nepal. Kathmandu: Bird Conservation Ne-
pal; 2016. p. 89-94.

Vitousek PM, Walker LR, Whiteaker LD, Mueller-Dombois D, Matson 
PA. Biological invasion by Myrica faya alters ecosystem develop-
ment in Hawaii. Science. 1987;238(4828):802-4. https://doi.org/10. 
1126/science.238.4828.802.

Wenny DG, Devault TL, Johnson MD, Kelly D, Sekercioglu CH, Tom-
back DF, et al. The need to quantify ecosystem services provided by 
birds. The Auk. 2011;128(1):1-14. https://doi.org/10.1525/auk. 
2011.10248.

Winston RL, Schwarzländer M, Hinz HL, Day MD, Cock MJW, Julien 
MH. Biological control of weeds: a world catalogue of agents and 
their target weeds. 5th ed. Morgantown: USDA Forest Service; 2014.

https://d1wqtxts1xzle7.cloudfront.net/49096205/2016_Shrestha_BB_Invasive_alien_plant_species_in_Nepal-libre.pdf?1474772515=&response-content-disposition=inline%3B+filename%3DInvasive_Alien_Plant_Species_in_Nepal.pdf&Expires=1714655351&Signature=ThlN9Z8b6-Gf6sqJLlZnb0fQJ66KT00OZAR4aw8hK5p0iHbJRlXkgCjUpVvDzIc~akQf05jfGSZMsqmQ5afxq0Q-mdqvkxaNgrsCHZMusbViZqzQPXttiQ1XZcCqutkQrVqgKNIZz0kZkhQm2oqndQyH8~Lo0iP5gMFz9u0WNIcXQ2T6ICs3U-MK8Z0np462Sxb07Sgj5ITpTNJDKwpnX1hq74GcfROvrlsnDJyAHloGyQmcRdmVHAQVheMG~9xY0950ZIMLdGRZsyo0CwtefZhgzGLF1ng-oFBCcTVbqjdkgnF~pKSR070PdQxYDrfC1MGqkKH3n-l8SKLBO18yrw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/49096205/2016_Shrestha_BB_Invasive_alien_plant_species_in_Nepal-libre.pdf?1474772515=&response-content-disposition=inline%3B+filename%3DInvasive_Alien_Plant_Species_in_Nepal.pdf&Expires=1714655351&Signature=ThlN9Z8b6-Gf6sqJLlZnb0fQJ66KT00OZAR4aw8hK5p0iHbJRlXkgCjUpVvDzIc~akQf05jfGSZMsqmQ5afxq0Q-mdqvkxaNgrsCHZMusbViZqzQPXttiQ1XZcCqutkQrVqgKNIZz0kZkhQm2oqndQyH8~Lo0iP5gMFz9u0WNIcXQ2T6ICs3U-MK8Z0np462Sxb07Sgj5ITpTNJDKwpnX1hq74GcfROvrlsnDJyAHloGyQmcRdmVHAQVheMG~9xY0950ZIMLdGRZsyo0CwtefZhgzGLF1ng-oFBCcTVbqjdkgnF~pKSR070PdQxYDrfC1MGqkKH3n-l8SKLBO18yrw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://search.worldcat.org/ko/title/1121133442
https://search.worldcat.org/ko/title/1121133442
https://search.worldcat.org/ko/title/1121133442
https://search.worldcat.org/ko/title/1121133442
https://search.worldcat.org/ko/title/1121133442
https://www.researchgate.net/publication/324720315_Inventory_and_Impact_Assessment_of_Invasive_Alien_Plant_Species_in_Kailash_Sacred_Landscape
https://www.researchgate.net/publication/324720315_Inventory_and_Impact_Assessment_of_Invasive_Alien_Plant_Species_in_Kailash_Sacred_Landscape
https://www.researchgate.net/publication/324720315_Inventory_and_Impact_Assessment_of_Invasive_Alien_Plant_Species_in_Kailash_Sacred_Landscape
https://www.researchgate.net/publication/324720315_Inventory_and_Impact_Assessment_of_Invasive_Alien_Plant_Species_in_Kailash_Sacred_Landscape
https://www.researchgate.net/publication/324720315_Inventory_and_Impact_Assessment_of_Invasive_Alien_Plant_Species_in_Kailash_Sacred_Landscape
https://doi.org/10.1111/wre.12133
https://doi.org/10.1016/j.jenvman.2018.06.034
https://doi.org/10.1016/j.jenvman.2018.06.034
https://doi.org/10.3126/janr.v2i1.26049
https://doi.org/10.29121/granthaalayah.v9.i1.2021.2859
https://doi.org/10.29121/granthaalayah.v9.i1.2021.2859
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.3126/bcj.v5i1.50193
https://doi.org/10.3126/bcj.v5i1.50193
https://www.researchgate.net/publication/283734975_Ethnomedicinal_value_of_traditional_food_plants_used_by_the_Zeliang_tribe_of_Nagaland
https://www.researchgate.net/publication/283734975_Ethnomedicinal_value_of_traditional_food_plants_used_by_the_Zeliang_tribe_of_Nagaland
https://www.researchgate.net/publication/283734975_Ethnomedicinal_value_of_traditional_food_plants_used_by_the_Zeliang_tribe_of_Nagaland
https://doi.org/10.3126/jncs.v30i0.9350
https://www.researchgate.net/publication/316661056_Impacts_of_invasive_Chromolaena_odorata_on_species_richness_composition_and_seedling_recruitment_of_Shorea_robusta_in_a_tropical_sal_forest_Nepal
https://www.researchgate.net/publication/316661056_Impacts_of_invasive_Chromolaena_odorata_on_species_richness_composition_and_seedling_recruitment_of_Shorea_robusta_in_a_tropical_sal_forest_Nepal
https://www.researchgate.net/publication/316661056_Impacts_of_invasive_Chromolaena_odorata_on_species_richness_composition_and_seedling_recruitment_of_Shorea_robusta_in_a_tropical_sal_forest_Nepal
https://www.researchgate.net/publication/316661056_Impacts_of_invasive_Chromolaena_odorata_on_species_richness_composition_and_seedling_recruitment_of_Shorea_robusta_in_a_tropical_sal_forest_Nepal
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://www.researchgate.net/profile/Sunita_Ulak/publication/368365234_Effect_of_Invasive_Mikania_micrantha_in_Regeneration_Diversity_and_Biological_Sequestration_in_Kumrose_Buffer_Zone_Community_Forest_A_study_from_central_Nepal/links/63e4c344c002331f7266a85f/Effect-of-Invasive-Mikania-micrantha-in-Regeneration-Diversity-and-Biological-Sequestration-in-Kumrose-Buffer-Zone-Community-Forest-A-study-from-central-Nepal.pdf#page=98
https://doi.org/10.1126/science.238.4828.802
https://doi.org/10.1126/science.238.4828.802
https://doi.org/10.1525/auk.2011.10248
https://doi.org/10.1525/auk.2011.10248
https://search.worldcat.org/ko/title/903221592
https://search.worldcat.org/ko/title/903221592
https://search.worldcat.org/ko/title/903221592

