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ABSTRACT

Invasion by the exotic species has become a serious problem in Nepal. Jagdishpur is
one of the Ramsar sites and Important Bird Arcas of Nepal that drives this study to
know if the invasive species are present in the site and its cffects. Land use status of
the study area was categorized as Grassland Around Reservoir, Agricultural Land and
Forest Near Reservoir. Quadrate method (size = 2m * 2m and plot number (n=40) in
each land use class) was followed as sampling method. A total of 129 species under
46 families were recorded out of which 20 were invasive alien plant species in
Jagdishpur. Important Value Index of each species in Agricultural land, Forest land
and Grassland around reservoir showed Grassland rich in biodiversity. It is also found
that Agricultural land was rich in invasive species biodiversity. Ageratina
adenophora, Ageratum conyzoides, Amaranthus spinosus, Chromolaena odorata,
Eichhornia crassipes, Ipomoea carnea, Mikania micrantha, Mimosa pudica,
Parthenium hysterophorus, Senna tora, Xanthium strumarium, €tC. aré common
invasive species found in the region. Plots with invasive species coverage more than
30 % and less than 30 % were divided in each land use classes and Shannon-Weiner
Index and Simpson’s Index were computed for differences in the biodiversity index in
each land use. Shannon’s index in grassland near reservoir is 2.76 that is highest in
the area with invasive species coverage less than 30%. Agricultural land with more
than 30% invasive species coverage was found to be the lowest Shannon’s index
(0.87) and lowest Simpson’s index (0.35) as well. The impact of invasive species on
loss of plant biodiversity is evident in the areas where the coverage of invasive
species is more and has been demonstrated with both Simpson diversity index and
also Shannon’s biodiversity index value. Jagdishpur lake has significant number
invasive plant species with potential of invasion are present in the area. The results of
this study have shown that the loss of biodiversity in and around J agdishpur reservoir
is in alarming state and need to take necessary action to conserve its biodiversity.
Potential risks of IAPs include biodiversity loss and siltation of lakes and reservoirs.
Thus, time to time monitoring of aquatic as well as invasive species in and around the
reservoir by the concern authority is recommended to take necessary precaution and
mitigation measures to conserve biodiversity of this Ramsar site and to stop further

expansion of the IAPs in the area.

Keywords: Jagdishpur, Ramsar, Important Bird Area, Invasive species, Shannon's

index, Simpson’s index, land-use, and biodiversity loss.
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CHAPTER L INTRODUCTION

L1 Background

Any species which s not native to a location and tendency 1o spread and get
established - another ecosystem 1o the extent that can cause serious damage to the
Modiversity may be termed as invasive species. Biological invasion worldwide
threatens brodiversity, ecosystem dynamies, resource availability, national economy
and human health (Ricciadi, 2000). Such invasions can alter native specics
assemblage and richness and increase biotic homogenization, with replacement of
local biotas by non-indigenous species (McKinney and Lockwood, 1999). With
steady increase in human movement and global trade, the intensity of biological
vasion has been increasing in all ecosystems and landscapes (Shrestha, 2016). The
problem of invasive species is prevalent both in developed as well as developing
countries, but their impact is likely to be higher in developing countries like Nepal
due to lack of expertise and limited resources available for their management
(Shrestha, 2016).Invasion by the exotic species has become a serious problem in
Nepal. Our country is considered to be one of the countries with the greatest threat
(ranked 3 out of 124 countries for the agriculture sector) from biological invasions
(Painiet al.,2016). Currently, 179 species of flowering plants are known to be
naturalized in Nepal (Shrestha et al., 2017a) and 26 of them are considered invasive
(Shrestha et al., 2017b). Species like Lantana camera, Mikania micrantha,
Chromolaena orodata, Ageratina adenophora, Parthenium hysterophorus  are
invasive alien species (IAS) in Nepal. IAS displaces the native plants by reducing the
amount of space, water, sunlight and nutrients that could otherwise be available to
native species (JUCN, 2005). Mikania micrantha which has been listed as one of the
six worst invasive alien species that poses the highest risk to native ecosystem (Tiwari
et al.. 2005) has invaded major parts of National Park and wetlands suppressing the
regeneration and growth of native vegetation.

a new environment and form

Many introduced exotic plants have been naturalized in

a part of existing landscapes and ecosystems out-competing the native species (IUCN,

2005). However, not all alien species are considered as harmful (TUCN, 2005). There

exists a long list of alien species throughout the world introduced intentionally and

make a valuable part of the livelihoods and cconomy of the modem world (IUCN,
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'005) Jagdishpur s one of the ten Ramsar sites of Nepal that provide vanous
coosvstem services (Mol b 2018y Baral, (2008), Bhusal 7 af (20200 and Thapa and
Saund, (201 have studied bird diverssty e Jagdishpur, Gautam er al, (2010)
cxplored Japdishpur as suntable habitat for warm water fishes, Chaudahary and
Devkota, (2018), Sapkota er al. (2021) and Thapa and Saund, (2013) have assessed
water quahity and Timnological studies of Jagdishpur reservoir and (Sapkota et al
2021) has recommended the quahty of water of the reservorr suiable for drinking and
imgation purposes and the major function of reservorr 1s irmgation. (Pokhrel ef al.,
2021) reported 81 algal species i the reservoir. IAPs should be controlled i order to
reduce impact and economic loss of ecosystem services of wetlands (Pathak ef al
2021). It negatively affects the natural beauty, biodiversity, recreational activities,
tourism activities, fish production in wetlands and disbalance the ecosysem(Pathak ef
al. 2021). So. this study focuses to know the status of invasive species present in
Jagdishpur reservoir, their impact on native vegetation and recommendation for

turther action.

According to Convention. Wetlands are defined as “arcas of marsh, fen, peatland or
water whether natural or artificial, permanent or temporary with water that is static or
flowing: fresh, brackish or salty. including areas of marine water, the depth of which
low tide does not exceed six meters”. There are total of 171 countries, 2416 wetlands
that cover an area of 254,551,385 ha in the world (Ramsar,2021). The wetlands with
high biodiversity value are categorized as Ramsar site by Ramsar Convention. The
convention was entered into Nepal from 1998, 10 sites with an area of 60,561 ha are
designated as Wetlands of International Importance (Ramsar, 2021). Jagdishpur
Reservior was declared as Ramsar site in 2003 (Bhandari, 2009) that covers an area of
225 ha and is home 45 resident bird species (Bhujuer al., 2007), 18 species of fishes,
nine species of herpetofauna and six species of mammals (Baral, 2008). The area has
record of 16 vascular plants: one pteridophyte, seven dicots, and eight monocots. The
major aquatic plant species are Ageratum conyzoides, Ceratophyllum demersum,
Cyperus spp., Hygroryza aristata, Tvpha elephantina, Ipomoea carnea ssp., fistulosa,
Leersia hexandra, Nelumbo nucifera, Vmphoides hydrophyllum, Oryza rufipogon,
Ottelia  alismoides, Paspalum  distichum,  Polygonum  hydropiper,  Vetiveria
-izaanioides, etc. Plantation of Dalbergia sissoo is common along the embankment.

The associated species in the plantation areas mainly consist of alien taxa, such as

14



Cassia occidontalis C gora. Hromolaena odorvata, Croton banplandianum Hyptis

aiveolens Parthenium hivste rr=;rhunn Vanthium fraumariim Q[ { Nt ;ui
odiversity. Resource Book, 2007) Also. ot s one of the TBA s dentified by
researchers that harbor winter migratory birds. Despite of many research activities in

Jagdishpur wetland, assessment of invasive species 1s seen as a gap

Nepal 1s a country nich m biodiversity due to its diverse topography and chimate
Forest arca covers 44.74% of the total arca of the country (DFRS. 2015) that 1s
composed of vegetation from tropical region to temperate region. Biodiversity Profile
Project (BPP) identified 118 ecosystems in Nepal (BPP. 1995), and Stantion (1972)
reported 35 forest types in Nepal. More than three percent of the world's known flora
exist here i.e.. 6,073 angiosperms; 26 gymnosperms; 534 pteridophytes: 1.150
bryophytes; 365 lichens; 1,822 fungi and 1,001 algac of which 284 flowering plants
are endemic to Nepal (GoN, 2014).With increasing globalization of trade and human
movement. the number of alien species has been increasing in all continents and
climatic regions without any sign of saturation (Seebens et al.. 2017), including in
high mountains and Polar Regions (Pauchard et al., 2016). At least 13,168 species of
plants have become naturalized elsewhere in the world outside their native
distribution range (van Kleunenes al., 2015). Similar data for animals and other
taxonomic groups is, however, lacking. With worldwide increase in the number of
naturalized species, the negative impacts of biological invasion have been considered
equally significant in countries with under-developed to developed economy.
Biological invasion in Nepal has also emerged as a challenging problem in
biodiversity conservation, ecosystem services flow, and agriculture production
(MoFSC, 2014). Physiographic and climatic diversity of Nepal is not only supporting
wide spectrum of organisms and ecosystems but also providing potential suitable
habitats for the species native to anywhere in the world. Furthermore, there is huge
imbalance in Nepal's international trade with import to export ratio at about 11
(calculated for fiscal year 2015/2016 from the data available from Trade and Export
Promotion Center — www.tepc.gov.np; retrieved on 3 June 2017). Food security and
agriculture sector is also increasingly more dependent on imported agnculture
products. seeds and seedlings/plantlets. Due to these scenarios. Nepal's agriculture
sector has been ranked third among the most threatened countries out of the 124

countries assessed (Painier al., 2016). To address the emerging threat of invasive alien

15



species. Nepal's Natonal Biodiversity: Strategy and Action Plan 2014-2020 has
targeted a number of activities mcluding impact assessments of selected invasive alien
plant species (IAPS) and release of hological control agents against TAPS (Mol SC

201
1.2 Justification

Jagdishpur wetland 1s one of the Important Bird Area that habors hundreds of bird
species along with herpetofauna, tish species and vegetation. Many studies have
prioritized the importance of the wetland as bird habitat but very few attempts have
been made to understand the vegetational diversity and their status in the area. This
study aims to find out the vegetational features, especially invasive secies that will
help in better understanding of overall ecology of an area. Biodiversity loss due to
biological invasion is the major global environmental (Bellard er al., 2016, Downey
and Rirchardson, 2016) and economic problem (Born et al., 2005), is a direct outcome
of human movement and trade across continents. Similar risk is posed at Jagdishpur
wetland as the presence of IAPS, favorable condition for its growth and multiplication
and the utility of the reservoir in irrigation of large agricultural lands. Thus, this study
is valid to know the condition of invasive species and its effect in the area to retain the

area as wetland, bird habitat and irrigation reservoir.
1.3 Objectives

General objective

o To assess the problems and potentials of invasive plant species in Jagdishpur

Tal.
Specifically, following activities will be performed,

e To study the status and distribution of various invasive plants species in the
study area

e To assess the impacts of invasive species on native plant species.
1.4 Limitations

o Sampling is more focused around the reservoir.
e Linear sampling regarding inlet canal and outlet canal is small.

e The data obtained is of short term.

16



CHAPTER 22 LTTERATURE REVIEW

20 Invasive species

Invasive Alien Species (1AS) are the species which have the capacity to compete
with native species outside ther geographical ongin (CBD. 1992). 1AS 15 of great
concern tor conservatiomsts and natural resource managers because of therr rapid
spreading nature, competitiveness and capability to colonize 1in new arcas within
short time penod (Reymanck and Richardson, 1996) These species primarily gain
entry anto new  geographie areas  through  human  activities, environmental
disturbances, detorestation and forest degradation, and forest fire which promotes
the estabhshment of the species (Early er al., 2016. McNeely, 2001) 1AS have
negative consequences o native species and ecosystem services (MEA, 2005) by
predation, competition and habitat modification (McGeocher al., 2010). Invasive
species have become a threat for 42% of the native species to fall into endangerment
n the United States (Pimentel ef al., 2005). Freshwater ecosystems are at high nisk
of invasion compared to the terrestrial ecosystems as the vulnerability of invasion

varies with biotic resistance of ecosystems (Reymanek and Richardson, 1996).

Half of the world’s wetlands have been lost, and the remaining are degraded due to
large-scale water diversion, introduction of invasive species, overharvesting,
industrial pollution and climate change (Carpenter ez al., 2011). In Nepal, wetlands
occupy approximately 5% of the total area of the country (DoFD, 2012). These
wetlands are converting into unproductive land due to exotic plant species,
expansion of cropland, siltation, overharvesting, land use change, and climate
change. Out of the total 219 alien species of flowering plants (Siwakoti, 2012;
Sukhorukov, 2014; Tiwari er al., 2005), 26 plant species including 6 species in

wetlands are invasive in Nepal (Shrestha, 2017).

Invasive species has been considered as an important component of global
environmental changes (Vitousek ef al., 1997) and a leading cause of dechine and or
Joss of native biodiversity (Ricciardi et al., 1998, Kohli ez al., 2004) and ecosystem
services (Pejchar and Mooney, 2009). With steady increase in human movement
and global trade, the intensity of biological invasion has been increasing in all
ecosystems and landscapes. The negative impact of invasive species 1s further
exacerbated by ongoing climate change because the later has been projected to

17



increase both frequency and mtensity of mological mvasion (Simberloft, 2000). The
problem of invasive species 1s prevalent both in developed as well as developing
countnies, but their impact 1s hkely to be higher i developing countries ke Nepal

due to lack of expertise and himited resources available for their management.

There are at least 219 alien species of flowering plants (Tiwar et al., 2005,
Siwakoti, 2012 and Sukhorukov, 2014) and 64 species of animals (Budha, 2015)
that are naturalized in Nepal. An assessment of invasive alien plant species (IAPS)
was undertaken for the first time by IUCN Nepal during 2002-2003 and reported 21
naturalized (i.e. alien species with self sustaining population) flowering plant

species to be invasive in Nepal (Tiwari et al., 2005).

In an assessment undertaken by IUCN Nepal during 2002-2003, 21 naturalized
plant species have been reported as invasive in Nepal (Tiwari et al., 2005). In
addition to them, four naturalized species Ageratum conyzoides, Erigeron
karvinskianus, Galinsoga quadriradiata and Spermacoce alata Aubl (Syn. Borreria
alata) have been also found to be invasive in agro-ecosystems and rangelands (BB
Shrestha, personal observation). A. haustonianum is spreading rapidly in Terai,
Siwalik and Mid Hills from east to west while E. karvinskianus is problematic
mainly in Mid Hills and Low Mountains of western Nepal (e.g., Darchula district).
G. quadriradiata is a serious weed of agro-ecosystem in Mid Hills and Low
Mountains from east to west. S. alata is commonly invading agro-ecosystems and
rangelands of Siwalik and Mid Hills, and, according to the local community of
Begnas lake area of Kaski district, it has significantly reduced forage production.
Therefore, the total number of IAPS in Nepal becomes 27 which belong to 13
families. Asteraceae is the largest family with 10 species, followed by

Amaranthaceae (2 species) and Caesalpiniaceae (2 species); remaining 11 families

are represented by single species.

Among 27 1APS, four species (Chromolaena odorata, Eichhornia crassipes, Lantana
camara and Mikania micrantha) are included in world’s 100 worst invasive species
(Lowe et al., 2000). In addition, six plant species found in Nepal are also included
in the list. However, five of them (Arundo donax L., Hedychium gardnerianum
Sheppard ex. Ker Gawl., Hiptage benghalensis (L.) Kurz., Imperata cylindrica (L)

P. Beauv. and Rubus ellipticus Sm.) are native to Nepal. The remaining one

18



Leucaena leucocephala (1Lam.) de Wit | a medium sized tree, was introduced as
fodder plant in Nepal and now 1t s naturahized within agro-ccosystem. Invasive

status of this species in natural habitat has not been reported yet

Afler mtroduction, the dispersal and establishment of TAPS at local scale depend on
resources avallabihity and  human activities Frequent  availability ot unused
resources mcreases valnerability of a habitat to invasion (Davis of al . 2000) while
human activities increase propagule pressure of invasive species (Simberloft, 2009)
Therctore. most of the TAPS n Nepal are concentrated 1in anthropogenic landscape
such as agro-ccosystem, resudential area and rangeland (e.g . shrub land. degraded
forests) winle they are less common n intact forests. For example, Parthenium
hysterophorus was present in 80% of the samphing locations in fallow and grazing
land while 1t was present only in 24% of the sampling locations in forests (Shrestha
BB, unpublished data). Out of 27 IAPS found in Nepal, 4 species are found 1n
wetland and Fichhorma crassipes 1s the most problematic among them. Species like
{geratum convzoides, A. haustonianum, Erigeron karvinskianus and Oxalis latifolta
are problematic in agro-ccosystems. In forest and shrublands, the major problematic
species nclude Ageratina adenophora, Chromolaena odorata, Lantana camara and
Mikania micrantha while the species like Parthenium hysterophorus is threatening

grass/grazing lands.

Climate change and invasive species present two of the greatest threats to
biodiversity and the provision of valuable ecosystem services (Burgiel and Muir,
2010). Climate change contributes to erratic rainfall, drying up of local springs and
streams, adjustment of species distribution, phenology and morphology, shift in
agriculture calendar, emergence of invasive species and outbreak of diseases and
pests. etc (IPCC, 2007). Precisely, climate change impacts, such as warming
temperatures and changes in CO2 concentrations, are likely to increase
opportunities for introduction of invasive species because of their adaptability to
disturbance and to a broader range of biogeographic conditions and environmental
controls (Mooney and Hobbs, 2009). Warmer temperature may also facilitate the
movement of invasive species along previously inaccessible pathways ot spread in
both natural and human-made environments (Engel et al., 2011), because invasive

species have a broader range of tolerance (Walther et al., 2009)
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It 1s estimated that biological invasions can have strong effects on structure and
function of ccosystems that are responding to a changing chmate and chimate
change is also changing the context m which potential invasive species succeed or
fail (Husain and Agnihotri, 2009). However. relationship of hiological invasion of
alien plant species and chmate change and their management are hitherto unknown
in Nepal, despite Article 8(h) of CBD urged parties to prevent the introduction of,
1d

control or eradicate those alien species which threaten ccosystems. habitats ar

specics (CBD, 1992).

IUCN (2000) defines TAS as an alien species. which becomes established in natural
or seminatural ccosystems or habitat, an agent of change, and threatens native
biological diversity. IAS occurs in all major taxonomic groups. Within each taxon,
numerous species including perhaps as many as 10 per cent have potential to invade
other ecosystems (Rejmaneket al., 2000). T1AS can transform the structure and
species composition of ccosystems (Ricchardier al., 2000) by establishing viable
populations with growth rates enough to displace elements of native biota
(Rejmanek, 1999) or to modify disturbance regimes (Brooks et al., 2004), thereby
potentially changing ecosystem structure and functioning (Dukes and Mooney,

2004), or by outcompeting native denizens for resources by changing the way

nutrients are cycled through the system.

IAS endangers the environment, economy and human welfare (Lodge et al., 20006).
It also reduces biodiversity, replaces important native species and increases
investment in agriculture and silviculture (Ricchardi et al., 2000), disrupting
prevailing vegetation dynamics and nutrient cycling (Richardson, 1998). The
estimated damage from invasive species worldwide totals more than US $1.4 trillion
a year (5 percent of the global economy) with impacts across a wide range of
sectors, including agriculture, forestry, aquaculture, transportation, trade, power

generation and recreation (Stern, 2006)

A list of invasive alien plant species is available for most regions, though the list is
to be updated and reviewed routinely. Nepal is not exempt and there are handful
studies of invasive species. Though the first study of invasive alien species of Nepal
was carried out for over five decades (Banerji, 1958), impacts and management

studies of IAS at species, ecosystem and socioeconomic levels through eco-friendly
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approaches were parsimoniously carried out. Poudel and Thapa (2012) reviewed 43
studies so far conducted in Nepal related to nvasive plant species, and they
recommended for more rescarches on documentations and impacts of invasive alien
plant specics. A total of 166 invasive alien plants species of Nepal were noted by
IUCN (Twwari ef al., 2005). However, in a milicu of changing climate, introduction
and aggressiveness of invasive alien species is being increased, urging more
researches and updates on [AS.

The world’s 100 worst invasive aliens (Lowe ef al., 2000) include 11 plant species
(Arundo  donax, Chromolaena odorata, Eichhornia crissepes, Hedychium
gardnerianum, Hiptage benghalensis, Imperata cylindrica, Lantana camara,
Leucaena leucocephala, Mikania micrantha, Opuntia stricta and Rubus ellipticus)
that are found in Nepal. However, they are not equally invasive. Seven toppers alien
invasive in the list for Asia Pacific region include: Ageratina adenophora,
Lantana

Ageratum conyzoides, Chromolaena odorata, Eichhornia crissepes,

camara, Mikania micrantha and Parthenium hysterophorus (Sankaran et al., 2005).

All these seven species are problematic in Nepal.

The impacts of those invasive plant species may be more severe as they increase
both in numbers and extent, and as they compete for diminishing resources such as
water and soil minerals. Invasive alien plant species can threaten those basic needs
and compromise ecosystem functions by taking advantage of habitat disturbance,
species under stress and other chinks in the armor of otherwise healthy systems.
This affects the multiple roles of ecosystems in providing provisioning, regulating,
supporting and cultural services (MEA, 2005 and Vila et al., 2009). Therefore,
global efforts are being made to control these invaders. Whatever the cost may be,
the unintended spread of invasive species continues unabated, despite the earnest

efforts are being made to manage them (Sankaran et al., 2005).

2.2 Wetland

Wetlands, according to Wetlands Policy (NWP, 2012) of Nepal defines as “perennial
water bodies that originate from underground sources of water or rainfall. It means
swampy areas with flowing or stagnant fresh or salt water that is natural or man-

made, or permanent or temporary. Wetlands also mean marshy lands, riverine

floodplains, lakes. ponds, water storage areas and agricultural lands™
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Wetland dependent species covers about 25 percent of the total vascular plant species
(Bhandari, 1992). TUCN (2004) have reported 318 wetland dependent plant species in
Terai’s wetlands. Similarly. the castern plain region of Nepal is reported to have 141

wetland-dependent plant species (Stwakoti and Varma, 1998).

Marcin and Jagodzinski (2020) have found that the invasive species have negative
impact on the natural regeneration of the species in the invaded region. Gaudel et al.,
(2016) have also recommended that the invasive species effects on the regeneration of
the existing species due to carpeting nature of such species like Mikania micrantha,
Ageratina adenophora, Chromolacna odorata etc. Also, 1S invaded region face
severe biodiversity loss. According to Tiwari et al., (2005), [pomoea carnea ssp.
fistulosa, Ipomoea aquatica, Paspalum distichum, Eichhornia crassipes, etc. have
dominated the Jagdishpur Reservior (a Ramsar site). According to Baral and Thapa
(2008), the Jagdishpur Wetland is being polluted due to the invasive alien species like
Mikania micrantha and use of excessive agricultural fertilizers, insecticides, and

pesticides.

As Jagdishpur Ramsar site is a man made reservoir which is important for the
migratory birds and also provides irrigation facilities to the agricultural lands.
Besides, this the reservoir is also attracting tourists from Nepal and abroad broadens
its importance from ecotourism point of view. Biodiversity around it need to be
protected for maining the ecosystem services that it has provided. But in recent years
the invasive species around it is increasing and creating a threat to the biodiversity.
Hence the present work will help understand the impact of invasive species at

different land use around the Jagdishpur reservoir.
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CHAPTER 3: MATERIALS AND METHOD

3.1 Study area
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Figure 1: Map of study area

Jagadispur reservoir is located in Jagadi village development committee, in
Kapilvastu District of Western Nepal. With a surface area of 225 ha, it is the largest
reservoir in the country and important wetland sites and it is situated at an altitude of
197 m. The maximum water depth varies between 2m in the dry season n 7m in
monsoon season. It was declared as Ramsar sites on 13 August 2003, and is also
highlighted in the directory of Asian wetland (NBRB, 2007). Jagdishpur Tal is
included in Ramsar site due to its fundamental ecological functions and their

economic, cultural, scientific and recreational value.

Sal Forest (Shorea robusta) and Acacia catechu - Dalbergia sissoo forest as major
forest types associated with Terminallia tomentosa, Terminallia beleria, Anogeisus
latifolia, and Penta gyna while other riverine forest includes small strips of forest.
The site provides shelter for an assembly of rare and endangered species (K.C er al.,

2012) including plants such as the endangered Serpentina (Rauvolfia serpentina), rare
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Pond weed (Potamogeton lucens), threatened Lotus (Nelumbo nucifera). Biological
aspects of the Reservoir cover species and habitat, including ecosystem conservation

and management (NBRB, 2007).

The Reservoir’s aquatic vegetation is represented by extensive coverage of floating
leaf species, mainly lotus (Nelumbo nucifera), followed by wild rice (Hygrorhyza
aristata), and pond weed (Potamogeton nodosus), free floating species include water

velvet (Azolla imbricata) and Duckweed (Lemnaspp) (NBRB, 2007).

3.1.1 Climatic characeristics:
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Figure 2: Ten year (2011-2020) average of minimum and maximum temperature,
precipitation and relative humidity recorded at nearby station of Kapilvastu. (Source:

DHM, 2020).

The yearly average maximum temperature ranges from 29.325 degree centigrade to
32.07 degree centigrade while the yearly average minimum temperature in Kapilvastu

ranges from 18.091 degree centigrade to 19.15 degree centigrade.

The maximum rainfall in the study area was observed in 2013 AD and the minimum
rainfall in the area was observed in 2013 AD in last ten years. The total average

rainfall of last ten years in 122.558 mm.
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3.2 Methods
3.2.1 Sampling

Quadrat sampling method was followed for ficld data collection. 2m*2m plots were
laid on the sampling points and the herbs, shrubs and seedlings of trees were counted

and noted along with coverage of each species (Baxter, 2014).

Three land-use typeviz. Grassland, Agricultural land, and Forest land were the
sampling sites with 40 plots in each category of land-use. Number of individuals and

coverage percentage were recorded.
3.2.2 Identification of the species:
Following steps were followed for species identification:

1. The morphology of the species was taken as a main feature for identification
of the species.

2. Local people familiar with the local vegetation were asked showing plants,
herbarium and photo plates of the respective species.

3. Field biologist and officials at Godavari Botanical Garden were consulted for
further identification of the species.

4. Importnt Value Index of each species in Agricultural land, Forest land and

Grassland around reservoir was calculated.

3.2.3 Measuring impact of the IAPS in native plants species:

1. First of all, the plots with invasive species coverage more than 30 percent and
less than 30 percent were identified.

2. Then the plots were divided into two categories.

3. Later, Shanon-Weiner Index and Simpson’s Index were computed for
differences in the biodiversity index in each land use.

4. Then, the biodiversity indices of plots with invasive species coverage more

than 30 percent and less than 30 percent were compared in each landuse.
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3.2.4 Statistical analysis of the data
Diversity Indices

Stpson s andex was caleulated vsing followingformula Simpson's Index of diversity

(Simpson 1949 as desenbed by Krebs 1989) was apphedtor measunmg, floral

diversity,

LDy i)

where,

D = Simpson Index of diversity
P1 = Proportion of individual species in the community i.

Simpson's Index (D)

Simpson index measures the probability that two individuals randomly selected from
a sample into the same species (or some category other than specics).
_In(n-1)
N(N-1)
Where, n = the total number of organisms of a particular species

N = the total number of organisms of all species

The value of D ranges between 0 and 1. With this index, 0 represents infinite diversity
and 1, nodiversity. That is, the bigger the value of D, the lower the diversity. This is
neither intuitive norlogical, so to get over this problem, D is often subtracted from |

to give the species diversity.

Simpson's Index of Diversity (1 — D)

The value of this index also ranges between 0 and 1, the greater the value, the greater
the samplediversity. This makes more sense. In this case, the index represents the
probability that twoindividuals randomly selected from a sample long to different

specics.

Shannon-Weiner index

Shannon-Weiner (S-W) provides a means of comparing the diversity between two or

morenecosystems which go beyond the most basic species-per-unit-area metric. While
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this simplermetric is useful, in some cases it is desirable to evaluate the equitability of

the distribution of thespecies.

H'= index of species diversity

S= species richness (1otal # of species present)

P1 = proportion of total sample belonging to the ith species
In= natural log (base ¢ = not the same of log!)

3.3 ITmportant value Index (IVI)

The important value index (IVI) of each species was calculated by summing the
percentage ofrelative dominance, relative density and relative frequency, each

weighted equally for a speciesrelative to a stand as a whole.
IVI= RD+RF+ RC

where,

RD= Relative density

RF= Relative frequency

RC = Relative coverage

1) Density and Relative density:

Density refers to the number of individuals per unit area. Density is usually used for

largeplants that have discrete individuals (Zobel et al. 1987).

Relative density:

Total number of individuals of a species / (Total number of quadrates sampled x size

of a quadrate)
i1) Frequency and Relative frequency:

Frequency of a species is the percentage of quadrates in which the particular species
occurs. Itgives an index on the spatial distribution of a species and is a measure of

relative abundance.
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Relative frequency:
(Individual frequency of a species* 100) / Total frequency
iii)  Coverage and Relative coverage:

The extent of ground covered by vegetation or plant species is known as COVErage.
Relative coverage is the ratio of individual coverage of a species to the total coverage

expressed in percentage..

Relative coverage = (Coverage of individual plant species* 100)

Total coverage of all species
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CHAPTER 4. RESULTS

4.1 Plant diversity

Altogether 129 species under 46 families of plants were recorded during the study.

The detailed description of vegetation is given in Appendix 1. The species like

Cynodon dactylon, Partheniym hysterophorous, Sida cordifolia, Imperata cylindrica,
etc. were very common in the study area and scored highest IVI value. The plant
species with highest TV value around the reservoir is given in Figure 3. The number
of herbs and shrubg species recorded are quite higher in comparison to trees species.
Cosmopolitan distribution of grass species might be the reason for higher [VI value of
herbs  (mainly grass) species. Senna tora, Parthenium hysterophorous, and

Chromolaena odoratg are some of the common invasive species found in the study
area.

90
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Figure 3: TVI of dominant 10 species in the study area.

4.2 Plant diversity in grassland around reservoir:

Grassland vegetation around reservoir includes Parthenium hysterophorous, Cynodon
dactylon, Tridax procumbens, Sachharum spontaneum, Mimosa pudica, etc. List of
some of the common species available at east, west, north and south directions are

given in table 1 and the IVI of all species are given in Annex 2.
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Table 1: Plant species around Jagdishpur reservoir in four directions and their IVI

Species name

Dalbergia sissoo (seedling)
Saccharum spontancum
Aegle marmelos (seedling)
Croton bonplandianum
Achyvranthes aspera

Sida cordifolia
(f\wc"r‘!d.\' iria

Sida acuta

| }\i\’”l’nga b,.(,",!.ﬁ)‘;,,‘;ﬁ_i -

Family IVI(F)
Fabaceac 9.50
Poaceac 6.89
Rutaccac
Luphorbiaccac | 6.31
Amaranthaccac | 9.62
Malvaccac | 8.06
('ypcfuccné ERFAYE
| Malvaceac 253
Cyperaceac 3.24

I w) [ IVIN) [ IVIS)
133 070 | 531
51 1099 | 270
127 |2;

594 |s48 | 838
§05 | 1921 |633
521 510 | 1155 '
06 1293 |168
e 1199|477

Invasive species like Senna tora, Parthenium hysterophorus, Ipomea carnea,

Amaranthus - spinosus, Mimosa pudica, Chromolaena odorata, Alyernanhera

philoxeroides, Ageratum  conyzoides, Xanthium strumarium, ~Oxalis latifolia,

Eichornia crassipes, Mikania micarantha, and leersia hexandra etc were also

recorded in each direction around the reservoir. The IVI value of invasive plants are

summarized in Table 2

Table 2: Invasive species and around reservoir and their IVI

Species name Family IVI(E) | IVI(W) |IVI(N) | IVI(S)
Senna tora Fabaceae 1.74 1.50 5.28 1.27
Parthenium hysterophorus Asteraceae 84.52 109.81 69.69 83.54
Ipomoea carnea Convolvulaceae | 3.56 5.41 4.72 1.68
Amaranthus spinosus Amaranthaceae 5.50 3.10 1.68
Mimosa pudica Fabaceae 7.25 6.01 3.69
Chromolaena odorata Asteraceac 6.72 10.91
Alternanthera philoxeroides | Amaranthaceae 3.56 1.66 4.24 4.14
Ageratum conyzoides Asteraceae 3.34 1.71 3.70 3.88
Xanthivwm strumarium Asteraceae 3.52 1.45 8.58 293
Oxalis latifolia Oxalidaceae 5.63 3.46 1.71 3.98
Eichhornia crassipes Pontederiaceae 243

Mikania micrantha Asteraceae 1.23 2.06 0.62
Leersiahexandra Poaceac 1.48 1.48
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2| IVoret : . .
4.3 Plant diversity in agricultural land near reservoir:

Major agricultural land around the reservoir are paddy ficlds. Plants like Cynodon

dactvlon, Sida IO,

[VIof

cardifolia, - Parthenium  hysterophorous, Inranthies
ete.were common species recorded around the agricultural land near reservort.
different plant species around the apgricultural ficlds recorded in the study 15 shown

Annex 3 and some of the common plants are given in Table 3.

T « Pl AN N . . . . ' =4
Table 3: Plant species in agricultural land in four direction and their IVI

Species name Family VIE) | IvIw) [IVEN)
iR sitog Fabaceac 4,74
Saccharum :\‘];;)-i;ftli‘ft’lml Poaceae 703 671 563
“Croton bonplandianin Tt | s
Acyranthesaspera | Amaranthaceas | 1161 | 192|844
Sida cordifolia Malvaceae | 173|384 | 1S1
Cyperus iria Cyperaceac - T()r -
Cynodon dactylon Poaceae 98.11 WWZZ’TA
Bothriochloa ischaemum Podceat 189 T S
Commelina benghalensis Commelinaceae | 10.09 7.T

Senna tora, Parthenium hysterophorus, Ipomoea carnea, Amaranthus spinosus,
Mimosa pudica, Chromolaena odorata, Ageratum conyzoides, Xanthium strumarium,
Eichhornia crassipes, Mikania micrantha, Ageratina adenophora, Ageratum
haustonium, Galinsoga quadriradiata, Spermacoce alata, Senna occidentalis, and
Erigeron karvinskianus are the invasive species recorded around the agricultural land
of the study area. The IVI value of invasive species around the agricultural land is

given in Table 4

Table 4: Invasive species in agricultural land near reservoir and their 1VI

Species name Family IVI(E) | IVI (W) | IVI(N) | IVI(8)
Senna tora Fabaceae 2449 | 1221 4.77 15.49
Parthenium hysterophorus | Asteraceae 22,67 |9.84 19.86 | 9.20
Ipomoea carnea Convolvulaceae | 3.67 1.75 1.84
Amaranthus spinosus Amaranthaceae 3.84 1.50 0.92
Mimosa pudica Fabaceae 1.97 5.39 4.84
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Chromolaena odoyq 1a

L—
Mikania micranthq

Ageratina adenophoyq

-
Xanthium strumayiyy,

Eichhornia crassipes

.‘\StCl‘{lC(;l—L‘- h
Aslcraccuc

)ﬂ .

I nnlcdcnaccnc

Asteracene

—— Asteracene
Ageratum haustoniym A
) ) Steraceae
Galinsoga quadriradia Astera
R o StCraceae
Bidens pilosa T =
Steraceac
Spermacoce alata “&Eﬁwi‘a R
ceace
_
Senna occidentalis “ﬂm;—\¥ -
C
Erigeron karvinskianys Asteraceac
.
g‘—“—\\

—_—1

—
ASICraccaC T

,_—_—_*—K_\.\——‘L
Ageratum conyzoideg T

[og0 T

4.4 Plant diversity in forest edge near the reservoir:

223 [381 |
715 '!"1“f76"_
1.92 {4.’0({
150
| 4.35
3.93 2.17
i
548 913 ‘
309 | I
225|440 _i |

don d. -
Cynodon dactylon, Desmoszachya bipinnata, Commelina benghalensis, Saccharum

! indyi .
spontaneum, Imperata cylindrica, Parthenium hysterophorus, etc. are common

species recorded during study in the forest near the reservoir. V1 of different species

recorded in the forest near reservoir are shown in Annex 4 and some of the common
species 1s given in Table 5

Table 5: Plant species and their IVI in the forest near the reservoir

Species name

Family vl ;
Dalbergia sissoo Fabaceae 13.28 A
Saccharum spontaneum Poaceae 20.31 }
Aegle marmelos Poaceae 033
Croton bonplandianum Euphorbiaceae 3.06
Achyranthes aspera Amaranthaceae 3.59
Sida cordifolia Malvaceae 0.67
Cyperus iria Cyperaceae 1.69
Sida acuta Malvaceae 1.13 '
Kyllinga brevifolia Cyperaceae 0.52
Cynodon dactylon Poaceae 70.21
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vasive plant species recorded . . ]
Invi pli pecies recorded g the forea edpe near reservoir are Sennd tord,

sarthenium hysterophoy
Par phorus, Ipomoea carnea, Amaranthus spinosus, Mimosa pudica.

hromolaena odor i .
Chror lorata, Ageratum onyzoides, Xanthium strumarium, Oxalts latifolia,

ikania micran -
Mik tha, Ageratim haustonium, Bidens pilosa, Spermacoce alata, and
Y occrde v The )
Senna flentalis, ‘The 1v) value of invasive plants found at the forest edge are

summarized in Table 6,

Table 6: Invasive pl

ant species recorded 1n forest near reservorr and their 1V

'Spccics name Family L1V
Senna tora Fabaccac | 11.27
ParihenfmBysterophorss Asteraceae 1532
Ipomoca carnea Convolvulaceae r 1.60
Amaranthus spinosus | Amaranthaceac ‘L 203 o
Mimosa pudica Fabaceac T 271 ]
" Chromolaena odorata  Asteraceae l 247 |
Ageratum conyzoides Asteraceac | 0.40 - |
" Xanthium strumarium Asteraceae ' 1.91 -
Oxalis latifolia Oxalidaceae | 5.98 |
Mikania micrantha Asteraceae 2.11
Ageratum haustonium Asteraceae 1.14 ]
Bidens pilosa Asteraceae | 0.45 ‘
Spermacocealata Rubiaceae 172 Ji
Senna occidentalis Fabaceae 1.42 4,

4. 5 Impact of invasive alien plant species in existing plant diversity

To understand the impact of invasive species on existing native plants, the plots were
categorized as uninvaded (i.e. coverage of invasive species less than 30 %) and

invaded plots(i.c. the coverage of invasive species more than 30 % ).
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Figure 4: Coverage of invasive species and non-invasive species in the study arca
The figure shows the coverage of invasive and non-invasive species at different sites
of the reservoir. Non-invasive plant species haye dominated the coverage of the study
arca al most sites but at prassland around the reservoir in the cast has more or less
same coverage and in the west the coverage of invasive is higher than non-invasive
plants (fig 4.) Invasive species is recorded.
in all the three observational sites of the study area.Also, the differences in the
coverage of invasive specics at different sites is seen. The coverage of invasive species
is more scen in western and southern part of the reservoir in agricultural land. In the
forest, coverage of invasive species was more in the peripheral region than in the
larger canopy region.
4.6 Comparison of biodiversity indices:

The values of biodiversity index in each land use and their respective directions is

tabulated in table 7.
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Table 7: Biodiversity Indices Bifferent jq
o he

R T k| Wou | Nort
Shanon-Weiner Indey Girasslang 2”;‘: |":Hl 2(7'7
T LI . .i |
.S:mpﬂ.ﬂﬂ $ Index Grasslang 0y 065 |08
? T | H
Ming“mdu /\grlcul(uml fand 33 (o8 |os
,m_.ggf_)ijmdw Apriculiry land 059 (o5 017
Shanon-Weiner indey Fores
Kty : 1 79
Simpson’s index Foresy
L ‘ (475
Sl - . ) . . .
lanon-Wejye, diversity index
3
2
1 g
West North South
" Grassland " Agricultural land  * Forest
Simpson's diversity index
1
0.8
0.6
0.4
0.2

East West North

B Grassland  w Agricultural land

Figure 5: Shanon-Weiner diversity index and Simpson’s diversity

land use
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The biodiversity of prasqlang around reservorr s highest as compared to other land

o tollowed b » p .
use followed by forest lang and agricultural land is found to be less diverse In

qassland near reservg & AE=Eo = cive
grassie ", the west region s comparably more covercd by nvast

plmﬂ specics followed by Cast, north, and south as shown in Figure 5 [Later. it1s
dm.m'crcd ”HH lll\- west region i\.’ls. the I”““" hlll(ll\(‘l‘i!f‘f indes (175% (1 65). easl

. =
(2'51/().8). and north (2.7170.85) In agricultural land. the plant biodiversity 18 LT

high in the region with moye coverage of invasive specics The calculated value of

Shanon’s index is and SIMpson’s index in the forest near reservoir is | 79 and 0.75

respectively. Ttindicates quite fayy score of biodiversity in the forest

4.7 Impact of invasive species in biodiversity:

Table 8: Biodiversity indices 1 (he of the plots with more than 30% coverage and

less than 30% coverage of invasive spe

Cics
Land usc | Shanon's index | Simpson's index
m;ﬁ_‘%% more  than 30% | less than 30% | more than 30%

Invasive cover invasive cover | invasive cover Invasive cover
Cigssiorid |5 230 Toss 075
Agricultural | 093 g7 7 ?'70.35 . -
land ‘
Forest 1.76 1.58 0.74 ; —

Table 4.8 shows the value of biodiversity indices calculated according to our
methodology. Generally, biodiversity of the sites with less than 30% invasive species
coverage 1s higher than the sites with more than 30% invasive species coverage as
seen in the table. Shanon’s index in grassland near reservoir is 2.76 in the area with
invasive species coverage less than 30%. Agricultural land with more than 30%
invasive species coverage has lowest Shanon’s index (0.87) and lowest Simpson’s

index (0.35) as well.
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Figure 6: Shanon’s i i s
g n's index and Simpson’s index of the plots with more than 30%

coverage an 9 i i ]
8¢ and less than 30% coverage of invasive species

Figure: 6 clearly shows Jess biodiversity in the arca with more than 30% invasive

cies coverage iodiversity i i '
spe ge and more biodiversity in the area with invasive species coverage is
more than 30%.
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CHAPIER & DISCUSSION
5.1 Plant Diversity

120 speaies of plants under 44 § ipecie

amilies were recorded in the study ares

(28 famhes) were recorded from prisg| ! farmihies )

L }
}Iilif_ (v, trom agri nllur‘lf r-il"' {.
!

3 VR [ 4 y e i 'hl
and 88 species (35 families) were recorded from the forest that 14 higher than

O [ i 4 16
vegetation diversity recorded by (Dhakal et al . 2015) n Jagdishpur 20 out ©
‘hrectha 2 naive )
(Shrestha, 2016) invasive species; 13 from grassland, 17 from agricultural land, and
I'f

14 from forest arce present in Jagdishpur. The checklist of TAPs shows the risk

rapid invasion and cause Jogg of biodiversity

Comparatively, highest vegetation diversity was seen in the grassland followed by
forest and agricultural land was least diverse in terms of bodiversity. Lower
biodiversity in the agricultural land s seen due to agriculture management
intervention  (Kettenring & Adams,  2011) Ageratina — adenophora Ageratum
conyzoides, Amaranthus spinosus, Chromolacna odorata, Fichhornia crassipes
Ipomoea carnea, Mikania micrantha, Mimosa pudica, Parthenium hysterophorus
Senna tora, Xanthium Strumarium, ete. are common nvasive species found in the

region.

Ageratina adenophora grows well in pasturelands, warm areas, overgrazed arcas
and poorly managed areas (Auld & Martin, 1975: CABI. 2022) and hence it also
poses risk to native biodiversity in Jagdishpur. Open space 1s domunant in
Jagdishpur reservoir and agriculture is practiced in most of the arca with human
settlement. Human mobility promotes multiplication and growth of Agerating
adenophora (Malla et al., 2021). Similarly, another invasive species Senna tora was
found to be distributed in cropped land, pastures, roadsides, woodland, waste land
and natural grasslands and this could be due to their ability to survive in difterent
types of soil (CABIL. 2022).Parthenium hysterophorus s another most common
invasive species in all three land use types (grassland, agricultural land and forest)
around Jagdishpur reservoir. It is more frequent and dominant all over the land use
around the reservoir. The reproductive capacity ot Parthenium hvsterophorous 1s
better in warm and moist soil condition (Nguyen et al., 2008) and causes adverse
biodiversity loss in the arca of its occurrence (Nigatu ef al., 2010) that ultimately

risks the future of the agricultural land and forest land around the reservoir. Ipomea
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carnea 1s an amphibioys Invasive plany speci
C1eS

5 (Shaltouter al., 2010), reproducing
oth sexually and asexualyy y X :
b h ‘hr“ukhﬂm the year, cannot be effectively controlled by
31 c d Ch 1CH » ] ~
phyblcal an emical means (Shaltouter af _ 2010) and also has allelopathic effect

over oth(}f vcgctati()n. ],(JSR of hlu(h\,(_‘[‘-;ﬂ\.«

allelopathic effect, siltanon of lake or
reservolr ete. are the major effects of Ipomea carnea (Kumar er al_. 2018).
Xanthium strumarium was dominant in agncultural land. Degradation of soil and loss
of soil productivity and biodiversiy, with Xan

thium strumarium has been i’t“[-"(’ﬂe‘d by
Igbal et al., (2021). Igbal e 4/

(2021) explored that Xanthium strumarium 1s onc 01

the palatable invasive species found

In grassland and agriculture ecosystem.

Herbivores graze on them and the height of Xanthium strumarium s maintained but

at the same time the thorny fruits are dispersed through the

help of animals feeding
on it.Besides this, the ability of Xanthiym

strumarium to phenological and

morphological changes makes it abje to invade larger areas (Ullah er al., 2022).

Mikania micrantha was recorded in al] the land use areas around the reservoir. It is

one of the fastest multiplying Species as it reproduces both sexually and asexually
(Swamy & Ramakrishnan, 1987). Vigorous multiplication and growing capacity of

Mikania micrantha has depleted habitat of Rhinoceros unicornis in Chitwan National

Park (Ram, 2008), and in the present study sites it has raised the concern to protect
the habitat of many migratory, resident and passerine birds in Jagdishpur (Thapa &

Saund, 2013). However, disturbance in agricultural land and grassland might oppose

its invasion (Weidlich er al., 2020) but the risk in the forest land remains same.

5.2 Impact of invasive species in plant biodiversity:

This study has found out that the presence of invasive species in an area causes loss
of biodiversity. Areas with invasive species coverage more than 30% have lower
Shanonweiner index and Simpson's biodiversity index indicating the reduced plant
diversity.Invasion by the exotic and invasive species leads to ecological disturbance
(Weidlich er al., 2020) and biodiversity loss. Gaudeler al. (2016) have also
recommended that the invasive species effects on the regeneration of the existing

species due to carpeting nature of such species like Mikania micrantha. A4 geratina

adenophora, Chromolaena odorata etc. According to Tiwan er al.. (2003). Ipomoea

carnea ssp. fistulosa, Ipomoea aquatica. Paspalum distichum. Eichhornia cras

e ]
na cras

Sipes,

etc. have dominated the JagdishpurReservior, a Ramsar site. Marcin and Jagodzinski



5020) have found that (e INVasive c. )
(_() ) NVasive Peies have negative impact on the nztumi

nvaded region Invasive species has been
AN IMportang COMponent of glohal enn itonmental
3 . v | s !

.. 1997) and a leading canse
al..

1_Cg,mcraliun of the species in

conmdcrcd as

hanges ( Vitouscke!
decline aned

or loss of pative hiodiversity (Ricciards
Bl Lohly er al oo
o al.. V998, K et al., 2004) and e Osystern services (Peichar and Mooney. 2009)
rasive species richness . . . 4
Inva ! > More in agricultural 1and than other land use. however
overall plant diversity 44 e

8810 comparison 1o

grassland ared forest
pichness i agncultural land -

More ;pﬁ’.i““"‘
due to disturbance factor

anure, fertilizers and pesticides (Kettenring and Adams.
2011). Ipomea carnea inside the reservoir has ¢

floral diversity. 42% of native species of US

due to farming activities
such as tillage, use of m

aused siltation and loss of aguatic

A are in danger to fall into nsk due to
invasive species (Pimentel er g/ 2005). The vulnerability of invasion by mvasive
species also depends on the biotic resistance of ecosystems which states that
freshwater ecosystems are more vulner

able to invasion (Regyméanek and Richardson.
1996). The sole purpose of the Jagdishpur reservoir is irria

gation. This rmgation
facilities from the reservoir helps in

promoting the dispersal of invasive species
faster in agricultural land and finally it leads to degradation of agn

cultural land and
reduction of crop production as well. With increase of coverage of IAPS, there was

increase of species richness of [APS, More coverage of IAPS results secretion of

high amounts of allelopathic and phytotoxic chemicals. Such chemicals can affect
the species richness of other vegetation in one hand while on

the other hand u would
be favorable for species richness and infestation of IAPs (Kettenring & Adams,

2011). High abundance of IAPS modifies the micro-habitat in such a way that 1t
becomes hostile for seed germination and seedling growth due to which might result
less density of saplings with increasing of coverage of IAPs. IAPS are also
considered as biological polluters (Westbrooks. 1991) and are capable of
hybridizing with native plant relatives that result in unnatural changes to aplant's
genetic makeup (Richburg 2008, Kunwar and Acharya., 2013) Invasive Alien
Species (IAS) as one of five major drivers of biodiversity loss in inland waters
(MEA, 2005). IAPS invasion affected native species in almost ey ery ecosystem on
Earth and have caused hundreds of species extinctions (McNeely o o/ 2001)
through competition, predation, hybridization, transmission of pathogens and the

disruption of local ecosystems andecosystem functions and can recover its
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Llisu'ibulinn after removal of IAPS (Andreu and Vila, 201 1). The IAPS has
ccolngicul and evolutionary g well as economie impacts. The ceological and
evolutionary impacts  include extinction  of species. modification  ofecosystem
procch'-“' (c.g., nutrient cyching, fire regime, hydrology). and evolution pimentel ¢t
al. (2000) suggested that, abouy 42% of the species on the threatened or cml;mgcrcd
specics list are at risk primarily due 1o alien species. Reduced plant diversity 15 scen
in the areas covered by invasive species, this might be due to the allelochemicals
produced by invasive species. All [APg listed haven't shown invasive property in
the study arca but poses risk of cruption of invasive nature. Easy dispersal due to
light weight seeds and short life cycle of invasive species also adds to the risk of
invasive speeies eruption in the area, Ipomea carnea is distributed both in and out
around the reservoir, adds up to the risk of plant biodiversity loss and siltation of the

reservoir.
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CHAPTER 6: CONQ USI0N AND RECOMMENDATION

| ('mu‘luslon
[\

J“g‘“shpm' FESCIVOIN 1S one of the IMportant ctlands and 1BAs of Nepal. This study
on the INVasive species in Tagdishpur Feservorr and its impact has venfied the
m_“".l.(_.nuc ol 20 species of 1ADPs. They are found to be distributed in gmss};\nd.
:l}“'"i"”l“"'“l land and forest around the reservoir. Invasive species is distributed more

w.n_.;,qlzmd and have impact on biodiversity 1o

in
[nvasive species With significant voverage has found to have negative impact in plant

) 4" ) o > ] W e -
biodiversity. Parthenium hysterophorus, Senna tora, Ipomoea carnea, Amaranthus

. i L A ) A = - v
Spinosus, Mimosa pudica, Chromolaeng odoratacte. are the commonly found invasive
gpecies 1N the study area. Cynodon dactvlon and Sachharum spontaneum are the

commonly found grasses. More biodiversity in grassland might be due to availability

of favorable condition and less disturbance. Plant diversity in forest has more invasive

species 10 peripheral region due to favorable condition of undergrowth invasive

species under canopy cover. Due to continuous farming intervention activities.

invasive species are less common in terms of population in agricultural land. Invasive

gpecies are abundantly distributed in different land use in and around Jagdishpur

reservoir.

The impact of invasive specieson loss of plant biodiversity is evident in the areas

where the coverage of invasive species is more and has been demonstrated with both

Simpson diversity index and also Shanon's biodiversity index value. Significant

changes in the values of these indices adds to the proof that the IAPs have negative

impact in the native plant diversity and ecology.

From this study, it is clear that one of the mmportant wetlands and Ramsar site of
Nepal, Jagdishpur lake has significant number of invasive plant species.The results of
this study have shown that the loss of biodiversity in and around Jagdishpur reservoir

is in alarming state and need to take necessary action to conserve its biodiversity.
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APPENDICES

Appendix 1: List of specics recorded in Jagdishpur reservoir

S.No. | w_ng name o Family

If% B Acacia catechu e nd | Fabaceae
s \lmr B Acacia nilotica m Ly 9N | Fabaceae

3 Achyranthes as aspera (- | Amaranthaceae
H Acmella oleracea (L. v b g .uJQ.) «/QD | Asteraceae
rm}. Aegle marmelos L an. Covy- Poaceae

0. Ageratina adenophora . steraceae
J Ageratum conyzoides M.m.?@ g u ik & i vvwm.ﬁ,mnoma
R
% Ageratum haustonium || . Asteraceae
% Albizia procera ( Rox vrv Benth . Fabaceae
/_o. Alternanthera philoxeroides ngax_u (wrseb Amaranthaceae

11. Alternanthera sessilis mﬁ(u R. By.exBc. Amaranthaceae

12. | Amaranthus spinosus |\ pypy . Amaranthaceae

13. Argemone Mexicana | . Papaveraceae

14. Artemisa indica L. Asteraceae

15. Artocarpus heterophyllus {_qy . Moraceae

16. | Artocarpus lacucha  (),q]) . Moraceae

17. Axonopus compressus g cc.u 0. Bea v - | Poaceae

18. | dzadirachta indica  [}. \yg¢ Meliaceae

19. Bahunia purpurea |_. Fabaceae

20. Bambusoideae [ exss. Poaceae

21. Bidens pilosa L- Asteraceae

22. Blyxa japonica g uag ex Rich Hydrocharitaceae

23. Bothriochloa ischaemum L) IRo . Poaceae

24. Brachiaria mutica Loy <k v rﬂJ.&,(w ﬂ Poaceae

25. Brassica campestris L \vqye Saycon Prai Brassicaceae

26. Cajanus cajan (. fb mill < p- Fabaceae

27. Calocasia esculenta () < chott Araceae

28. Calotropis gigantean (|- Y Dy &05& Apocynaceae

54




Cannaly, Yalive [ Cannubace
30. e |
. ('u.\ru/n'/(l thevetiy (( S f&) ‘) ) A APOCY it e
"m- ( cntelly astaticg [ | 0Ny UK b | Mackinlayiceas
32, ( 'hrumu/m';m odo T AnleTacenc
lala , A U P TMERTA
. — ata (| ) f m ]m)r} AT
33, Mysopogong clerlatg (Pol~ ) ™10 Poacene
34, Cissampelog pareira (. Menispermaceac
35. ¢ 'I""f’l/vm/rum /n/mnm,,/mn { . [amiaceae
36. Coccinia Rrandis ( [ ) Vo) {}‘ | Cucurbitaceae
37. Commeling benghalensis L ¢ Commelinaceae
8. Croton bonplandianum L. Fuphorbiaceae '
39, Curcuma caesiq Q(‘S“)( b. Zingiberaceae ‘
40. | Cynodon dactyley 0aceac |
Ynodon dactylon CL ) () oCrs Poaceae
41, Cyperus compacius folts . Cyperaceac
42 C f)/})o,-u.'s"cnmprcaswu.s‘ L. Cyperaceac
43. Cyperus difformis L. Cyperaceac
44. (.'}-)pc)?hjs'- iria L. CAypcraccac
5. | Cvperus rotundus L. | Cyperaceae
46. Dactyloctenium derplium w%\l I’oaccarew N
47. | Dalbergia sissoo La xf)m Fabaceae
48. Desmodium gangeticum @W , Fabaceae
49. Desmostachya bipinnata (L J 4 O“fF Poacea
50. Digitaria sanguinalis ( L_) Sco p- Poaceae
51. Echinocholoa colona ( L:) Link . Poaceace
52 Eclipta prostrata ¢ | ) . Asteraceae
53. Eichhornia crassipes marxk Pontederiaceae
54. Eleusine indica L») (Noy £n Poaceae
55. Emilia sonchifolia CL) De. X WQ'QH,- Asteraceae
56, l:'i‘(t;é;;().s'ti.s' amabilis U_) UUQ{('C})‘\’{ Za?ﬂﬂ .Q;(n@yoaccac
57. Eragrostis atrovirens (&B P) TRei0- O SHeyPoaceae
58. Eragrostis spectabilis (Pu gh) SHeud - Poacc§cn B
. 59. Eragrostis unioloides (VQ\Q{'?-'J- MQQA %ﬁsj : Poaceae
) Erigeron karvinskianus "D C. Asteraceae
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e —
“Ucalypy,s /
s ¢
Ybtuy amaldulepy;

Euphorbea hirg Dehnh. Moo
[i"/f/’.()"biu Pemr— . “ 2 n. l'.,uplu)rhluccuc
,\Em Il "Hmmu/,,,-,‘,,‘\(‘;_;m ’( ; n . Euphorbiaccae
| Ficus bemghaioner . e flower) | . Convolvulaceac
e s (e o
’I"“‘”S "eglosa L. M()r;cc;c
~»?‘»I;m;(‘“(‘(‘IAG'V"""/”'” preris Onocleaceae
TMOristylis coms : :
v |
m;;wh\”;;h‘dc\"‘( L)_\/ah\ . éﬁypcraceac
Ga/jns(,g;a quadri “’f ¢ L') vahl. Cyperaceae
. £ . iradiata IQW‘?_ Yd Pav .| Asteraceae
4484 pinnata Rox b . Burseraceae
:aldina cardifolia (Rox b ) Rids dale Rubiaceae
'ymenac P
76. Hymenoc:;:sal:f:l::ll;auhs CRle@e) s Poaceale :
I Imperata cylindyi (TGCZ) Salfgb- | Amaniidaceas
Yiindrical (') P Beauy - Poaceae
78. Ipomoea carnea Tach - Convolvulaceae
L 79. | Jasminum auriculatum vah! - Oleaceae
80. Jatropha gossypiifolia kO\’\' L. Euphorbiaceae
81. Kyllinga brevifolia RO‘H‘b 3 Cyperaceae
82. Leersia hexandra S ¢y , Poaceae
83. Leucaena leucocephala (" |q D)J d€ uyd{, | Fabaceae
84. Ludwigia adscendens ( L) H. Hq a Onagraceae
85. Mallotus philipensis  (__qm.) Muel ]9}.7 . | Euphorbiaceae
86. Mangifera indica  L- ¥ | Anacardiaceae
87. Melia azedarach |_. Meliaceae
88. Mikania micrantha — Aynth Asteraceae
80, | Mimosa pudica L- Fabaceae
00, | Mitragyna parvifolia_( fox b-) Koyth | Rubiaceae
~ 90]1. | Morusalba L Merageac
__7'_—— Virraya Toenigii (L ) 5@7@ 80 l Rutaceae
R
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| 93 Ty
| O YMphoide shvdr
—_— / , :

04 : Oplie ophvila ( Oy Vtu)\*) ¢ Menyvanthaceae i
T\\“()'- | Plsmeny, burman;, (‘\pc_ i \ . 0o % - }
o \ { ()"\‘:ll ruii,'mlqnn (, X P ’7\’\)1 p l %
; 9. | O R .(\f\ . oaceae l
L ‘ “d sativg { {

—=— ) - Poaceae |

97 i

‘ ( )N“/hi d,l.\yn')“](»\ . '\ |
98 | ’ ' (1 Peg, . Hydrochantaceae ;
, Ovalis Idflfl)ha R | ‘
5 - KRS N Oxalidaceae
o ‘ "””t‘mn Fepens L . Poaccae
100, [ p o freae s
= | Parih nium h_\'xlvn)phm-u\- (. Asteraceae i
01, Phylq ' | |
| Thvia n : I
o T J N @ nodiflorg CL ) ( VBN o Verbenaceae i
| = | Phyllantiy, nirur L. Phyllanthaceae
)3 ' Dr N '
103, | Piper longum L. Piperaccac
| Plomeria pgrg Apocynaceac

5 Pohyegi5——— —
' 10s. Polygonum barbatum L Polygonaceae
\ A .

1 S — : =i ——
L Pierocarpys marsupium ROXb- Fabaceae

107. Ricinys communis b . Euphorbiaceac
\
; 108. W Acanthaceae

109. W‘_\M
“\ﬂ
| 110. Schefflerq digitata IR, Ronl. o} - Eoy s Araliaceae
;\\

I11. Schleicherq oIeosctLoLw ) o ]'('U\ Sapindaceae
—_—

112. Sch 1 .

oenoplectiella mucronatq CL.J - anq Cyperaceae N

113. Senna occidentalis L. \J | Fabaceae
EE———

114, Senna tora ( LJ ROX b- Fabaceae

15, Setaria pumila (Po'p() Roem g Schy)k | Poaceae ]

116. Shorea robusta lha o~ M. Dipterocarpaceae
| 117. Sida acuta  Qy, sm. B Malvaceae
{ 118. Sida cordifolia L. Malvaceae
| 119. Solanum nigrum L. Solanaceae -
120. Spermacoce alata A Ub] ) Rubiaceae
i 121. Syzygium cumini C L'_) SVPO‘T\‘ Myrtaceae
|

12 Tamarandus indica  |_. Fabaceae

123, Tectona grandis - Q. . Verbenaceae

124. Terminalia arjuna ( Rox b) wTdhtX-, B"m Combretaceae
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Appendix 2: 1kt of

Ames ol wpeckes, family and 1V1 in r wastuaned e

TR L vkt

S ._.
o, Species name Famils vi i | iveow) [1IvEe VI (%) |
| feacta nitotica Fabinc e TR 104
2o\ Achvranthey aspera Amatnntlncene | 962 K5 19.7) i
b 'L 7,‘('}{7/(' mearmeloy T | 204
T4 M’:,;‘!“"””"” CONVEOrdey Asteracene IRY! |71 v ki
5. rllh';'uru}rktlui';'rr/vlnlrm'mnlm Amaranthacene | 450 166 424 i
ISR )
O. | Alternantherq sessiliy Amaranthacence | 64
7| Amaranthus spinosus Amaranthaceac 551 W )64
8. | Avtemisa indica k\.’"ﬂ'l:l(i(‘..’l[‘; 0.75 V! 2.04 240
9. | Axonopus compressus | Poncene 1091 I.44 () %4
VO Bothriochloa ischacmum _—“p.’;{.’cm;;—“”“ 4.5 %O 542
VU Brachiaria mutica [ Votcens 1139 2.51 2.0
12| Calocasia esculenta [ Araceae 075 I.62
13| Calotropis gigantea Apocynaceac 500 433|302 2.63
14| Cannabis sativa Cannabaceac 0.83 I,i"/ 1 7»17 7} B
15 Centella asiatica Mackinlayaccac | 0.91 1.79 206 |
16| Chromolaena odorata Asleraceae 6.72 1091 | -
171 Commelina benghalensis Commelinaceac | 5.79 Lol 423 1T
181 Croton bonplandianum Euphorbiaceae | 6.31 594 5.48 838 |
19{ Cvnodon dactvlion Poaceac 3006 31.59 2717 [ 36.55
20{ Cvperus compactus Cyperaceac 062  F 1
21 Cyperus compressis Cyperaceae 1.7 | T :
221 Cyperus difformis Cyperaceae 2 oga 7
S




23 Cvperus irg Cperaceas 514 6.00 2.93 .65

241 Cyperus rotundy Cyperaccae 1.03 2.06 4.38 W—
2] Dactyloctenium q ceyplium | Poaccac 0.75 1.48 1.54 T

26] Dalbergia sisson - 956 133 9.71 T

270 Desmodium gangeticum Fabaceac 974 5.44 11.45

28 Desmostachya bipinnata Poaceae 243 3.07 5.01 3,47’_A

29| Digitariaq sanguinalis Poaceac 1.83 2.71

30{ Echinocholoa colong Poaceae 1.11 1.27 2.38 4.08

31} Eclipta prostrata Asteraceae 2.45 0.69

32| Eichhornia cr assipes Pontederiaceae | 2.43

33| Eleusine indica Poaceae 0.79 1.31

34| Eragrostis atrovirens Poaceae 2.59 1.66 1.49

35| Eragrostis spectabilis Poaceae 1.03 2.92 1.24 4.57

36| Euphorbea hirta Euphorbiaceae 237 3.32 1.73

37| Evolbulus

mmmidariusivhite flowier) Convolvulaceae | 1.03 2.81 3.56 3.11

38| Fimbristylis complanata Cyperaceae 5.46 1.11

39| Fimbristylisdichotoma Cyperaceae 0.75 0.79

40) Fimbristylis miliaceae Cyperaceae 1.41 0.64

41| Hymenachne amplexicaulis | Poaceae 0.79

42| Hymenocallis lirtoralis Amaryllidaceae | 1.66 1.6 0.59 1.63

43| Imperata cylindrica Poaceae 1.43 0.64 171

44| Ipomoea carnea Convolvulaceae | 3.56 5.41 4.72 1.68

45| Jarropha gossvpiifolia Euphorbiaceae 0.75 1.53

46| Kyllinga brevifolia Cyperaceae 3.24 1.39 172 5.23
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N Leersig hi \andrg

Poaceac |
: | 48 | 48
8] g ——__|
IH(IN 2 (i(!\\ (7;(](,,“ —
Onagraceac 079
: q\_
i [”(I”Uill\‘])hlh]){'m‘l\'
- Euphorbiaceac | 1.62 1.45 0.62
S0 Mikaniq mcranthg
Asleraceae 2 2.06 0.62
ST Mimosq pudica .
Fabaccac 725 6.01 3.69
521 Ny, :
Nvmphoides hydropiiia v\ :
- cnyanthaceae | 2.02 2.83
53| Oplismenys burmani; Pozcons
oaceae 0.79 1.89 1.59 1.96
54 Oryza rufipogon o
Poaceae 2.63 1.31 0.89 1.73
55
Ottelia alismoides Hydrocharitacea
0.87
e
56| Oxalis latifpl; :
ifolia Oxalidaceac | 563 | 346 | 171 [3.98
57| Pani
icum repens Poaceae 0.79 175 3.34
58 i
Parthenium hysterophorys Asteraceae 84.52 | 109.81 |69.69 |83.54
59 Phyla nodiflora Verbenaceae 2.73 4.68
60( Phyllanthus niruri Phyllanthaceae | 1.82 3.91 3.01 3.83
61{ Polygonum barbatum Polygonaceae 3.567 | 1.83 1.40
62| Ricinus communis Euphorbiaceae | 3.24 1.27 8.79
63| Rungia pectinata Acanthaceae 2.81 1.51 4.17 5.21
64| Saccharum spontaneum Poaceae 6.89 22.53 1099 271
65| Schoenoplectiella mucronata | Cyperaceae 1.15 0.89 251
66| Senna tora Fabaceac 1.74 1.5 5.28 1.27
67| Setaria pumila Poaceae 3.81 144 0.72 2.78
68| Sida acuta Malvaceae = 02 o H
601 Sida cordifolia Malvaceae 8.00 5.21 Sl 11.55
: 1.95
70| Solanum nigrum Solanaceee
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A 994 |79 iR
Asleraceac :
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Typha angustifoliy ['yphaceae = 2.93
Xanthiym Strumariym Asleraceae ’ 417 8.94
- 6l 1.22 '
Ziziphus nummulariq Rhamnaceae !
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Sonast “f n
AMes ¢ X .
' species, family and IV Ein agricultural band near

Teseryvory

: N, \n: i -
{ Snect .
| | Spect § ’ p
% | PPecies name Famil Nt lve v [Vl
! "y
— )y 1wy | (N (5
| oo
| acia nuonca B ——— - L . ul [—
Fabaceae 212 | 86
l Achvranthes apera o R
Amaranthaccae 1161|192 [844 |0 44
: Acmella “/‘C!'«I(‘( d —-—-ﬂ.-———————-.__-——-'_____———
Asteraceace 324 | 208
4 docrati
' Ageratina adenophor, |
ophora Asteraceae 435 | 868
5 {oer
- Ageratum convzoides ]
zoides Asteraceae 7.15 176 [ 6.19
6 {oer
: Ageratum haustont I D S
austontum Asteraceac 393 | 2.17 15.32
7 Amaranthus spinosus
WS SRIROSwS Amaranthaceae 384 | 151|092
8. Artoca — __———___——____——_____—
rpus heterophvilus Moraceae 1.73
2 Axonopus b ;____________‘__________
pUS COMPressus Poaceae 735
- L . . - 4———‘_—————'_———-—‘ -
10. | Azadirachta indica Meliaceae 173
11. | Bahunia purpur — 1|
: purpured Fabaceae 1.72
, __.___———___-_____-__.______d
12. | Bambusoideae Poaceac 217 |6.91
. ¥ __——_————————-—‘_————..—————*
13. | Bidens pilosa Asteraceae 0.93
s . .--—-———__'—___—-_--‘'——_"__-''—'—'—__'"——_—"1‘—‘____q
14. | Bothriochloa ischaemum Poaceae 1.89 [2.19
I : L
15. | Brassica campeslris Brassicaceac 218 0.92
| o) | (Vi
Ly : " N Q)
16. | Cajanus cajan Fabaccac 1.92 0.92
e ] ________—————__———,____-—__—-____‘
: : R 5 4|54
17. | Calocasia esculenta Araceae 5.21 11.14 | 541
L+
ati Mackinlayaccac 3.71 0.93
18. | Centella astaticd é aya :
8 2.23 381 [4.24
o ede ¢ : 2
19. Chromolaend odorata Asleraceac 0.81 | 2.2 h
’__—__________—-______________r____—_,____——-
1 3 Poaceac 6.84 201 |20l
20. | Chrysopogon aciculanis ¢
_————”‘// Lamiaceae 246 441
21. |C /t’}'Otl’L’Hd}‘Ilm uq/or!zmamm
////___—_____-J____—__/J
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64

- Cucuthitaccae 092
<Y Commye ‘ ‘
1eling b mehalensiy
- Commehniceae 1009 743 | 2065
C roj ,
L /"”I’/mhhmmm T 20
. Fuphorbincene 1.51 205
28 Mo
Chrcuma Caesg i
. Zimpiberaceac 6.32
20
( . . S —
Ve u{m, da ‘”.I“” , 1172 146.4
Poaceac 98.19 94.02
I 3 3
27. | Cvborpe
; YPCrus comproysuy |
Cyperaceac 4.18
"W \
<8 Cvperus irig :
Cyperaceae 3.01 2.79
Y ~
29. | Cyperus rotundus '
Cyperaccac 405 |7.11 5.09 | 1.12
30. ”‘l”’t'rgiu SISS00 I's
‘abaccac 474 | 4.36
31| Desmostac —
esmostachya bipinnata Poaceac 5.25 1.29
320 | Eichhornia crassi
ornia crassipes Pontederiaceae 151
33, | Emilia sonchifoli
fa sonchifolia Asteraceac 372 245 (312 |252
34. | Eragrostis amabilis Poaccae 1.1
35. | Erigeron karvinskianus Asteraceae 225 | 441 3.31
36. | Evolbulus — nummularius(white
Convolvulaceae 1.14
Sflower)
37. | Galinsoga quadriradiata Asleraceae 1.09
ga q
38. | Imperata cylindrica Poaceae 4592 [ 7432 | 942 | 3998
39. | Ipomoea carnca Convolvulaceae 3.67 1.75 | 1.84
40. | Jasminum awriculatum Oleaceac Ll
41, | Leucaena Jeucocephala Fabaccac 2.95
EEE—
42, | Mangifera indica Anacardiaceae 151
_—T.‘v. Vatteuccia struthiopteris Onocleaceae 1.51
= 174|205
44. Melia :J:(’t/(f!‘m'/l Meliaccac




Mikana i, rantha

Aslenicci alf
A6 Mimosa pudie Fabacen [To7 530 Jase |
A Morus alha Moraceae T 0,92
W Orvea sativa Poncene 1765 | 441 [ 175 | 1.27
40 f'urrlh'r.n;ﬁﬁﬁn'\h';‘ﬁph(h';t.\' [ Asteracen 2267|984 [ 1986 | 9.2]
S0, n"h;l!;m!}lr:,\'-r:ﬁ'l?ru - Phyllanthaceace 192 203
st -"NWW“M Piperaceac 3.51
Bl Saccharum spontancim Poaceac 703 [6.71 563 [9.69
33| Senna occidentalis Fabaceae 3.09 241
S| Senna tora Fabaceae 2449 11221 [4.77 15.49
S5 | Setaria pumila Poaceae 6.62 1.74
56. | Sida cordifolia Malvaceac 1.73 | 3.84 1.51 ]5.32
ST 1 Solanum nigrum Solanaceae 2.19 547 (245
S8 Spermacocealata Rubiaceac 548 1913 4.68
59. | Typha angustifolia Typhaceace 0.92
00. | Vigna mungo Fabaceac 6.80 1.75
O1. | Xanthium strumarium Asleraceae 1.92 496 |5.78
02, | Ziziphus nummdaria Rhamnacceae 174 | 3.84 2.02
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Appendix

4 List ol gy

mes ot species, family wnd [VEin forest near reservoir

s. No. Species name Family A

l. Acacia cateehy IFabacene 118
2. [Acacia mik hica Fabacene 03

L (Chvranthes asper, Amaranthacene | 3,59

[ J‘m | :Itlr)l(‘//(t (’f(‘!‘m‘('.: Asteracene 7 ),’7
5 _Hg.ﬂlc‘_x;l;' nr:;zﬁl-‘nn'h )’ o Ponceac 6({ i
6 .l:u—t-'}":ir:;r;:' (—'(’i;;'.‘t-)l'lf; ' - | Asteraccac | 0.41
7 Ageratum h'c—:;}x_r;u_,,i;;,_s“”“‘  Astetacene | il14 i
8 Albizia procerq Fabaceae 0.60
O | Amaranthus spinosus Amaranthaccae | 2.03
10. | Argemone mexie ‘any Yapaveraceae (.78
L1 | Artemisa indica Asleraceae 0.39
12, | Artoc ‘arpus lacucha Moraceae 1.05
[3. | Axonopus compressus Poaceac 0.45
4. | Bahunia purpurca FFabaceac 0.33
15. | Bambusoideae Poaccac 0.33
16. | Bidens pilosa Asleraccae 0.45
17. | Blyxa japonica Hydrocharitaceae | 1.26
I8 | Bothriochloa ischaemum Poaccac 0.34
19. Calocasia esculenta Araccac 0.58
20. | Cascabela thevetia Apocynaceae L1
71 | Centella dsidlica Mackinlayaceae | 4.36
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2, Chromolacnq odorata Asteraceae 247
[~ 22 |-y
23 |« /u-\'\\'npu_x,'m; actculatus Poncenc 007
2. ('I(‘r'mi(‘nzl‘m:— ;;;m-nlm,”,m, IL.'.m;nl.vt':ll' o )‘()(,' :
23, | Commelma benghalomy T Commelmaceae | 2929
20, | Croton 1"mlirnu-:;_ o = | anr
Fuphorbiaceae 1.00
27| Cvnodon dactylon T romecne ET
28 | Cvperus compactus Cyperaceac 0.63
| Coperus compressus Cyperaceace 0.43
30. | Cyperus irig Cyperaceac 1.69
31| Cyperus rotundus Cyperaceac 1.44
32. Dactyloctenium aegvptium Poaccac 0.33
33. | Dalbergia sissoo Fabaceae 13.28
34. Desmostachya bipinnata Poaccac 31.56
35. | Digitaria sanguinalis Poaceac 0.41
36. | Echinocholoa colona Poaccae 0.33
37. | Emilia sonchifolia Asteraccac 1.27
38. | Eragrostis spectabilis Poaceac 0.41
39. | Eragrostis unioloides Poaccae 1.66
40. | Eucalyptus camaldulensis Myrtaceae 0.33
41. | Euphorbea hirta Euphorbiaccac 1.52
42. | Fuphorbia prostrata Euphorbiaccac | 0.54
43. | Evolbulus nummularius(white flower) Convolvulaceac | 3.073
4. | Ficus benghalensis Moraccae 0.606
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45 | Ficus hispi

a | Moracea _ TRE
46 x\l_., L,IL\F.::: Moraceae 1.01
R ArA an uLa pinnata - :‘___Acm_ﬂ,m._c‘i - : 13
| \l\.;_‘k.:w:\, ardifoha Rubiaceac — Ton
99 [ Imperata cvlimdrion— B Ewere— NTT TR
30 %f Convolvulaccace _ﬂI\L
S1. | Kyllinga brevifolia Cyperaceae 0.52
52| Leucaena leucocephala Fabaceac 0.72
33| Mallotus philipensis Euphorbiaceae 0.33
3. | Mangifera indica Anacardiaceac 0.66
55, | Matteuccia struthiopteris Onocleaceae 0.68
36. | Melia azedarach Meliaceae 321
37. | Mikania micrantha Asteraceae 2.11
38. | Mimosa pudica Fabaceae 2.71
39. | Mitragyna parvifolia Rubiaceae 0.66
60. | Murraya koenigii Rutaceae 0.52
61. | Oplismenus burmanii Poaceae 0.52
62. | Oxalis latifolia Oxalidaceae 5.98
63. | Parthenium hysterophorus Asteraceae 15.32
64. | Phyllanthus niruri Phyllanthaceae | 1.39
65. | Plumeria rubra Apocynaceae 0.33
66. | Pterocarpus marsupium Fabaceae 0.56
67. | Rungia pectinata Acanthaceac 0.53
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68. | Saccharum spontancum Poaccac 20.31
‘ﬂl% Arahaccac ‘\I\Tﬂﬂmnl

70| Schicichera olcosa Sapindaceac (067 |

71| Senna occidentalis Fabaccac \_Mm\\

72. | Senna tora Fabaceac l_\_m\.\.l

73. | Setaria pumilq Poaceae dﬂl

74. | Shorea robustq Dipterocarpaceac I_\.\m\l

75. | Sida acuta Malvaceae 1.13

76. | Sida cordifolia Malvaceae 0.67

77. | Solanum nigrum Solanaceae 1.01

78. | Spermacoce alatq Rubiaceae 171

79. | Syzygium cumini Myrtaceae 0.79

80. | Tamarandus indica Fabaceae 0.38

81. | Tectona grandis Verbenaceae 1.18

82. | Terminalia arjuna Combretaceae 0.39

83. | Tridax procumbens Asteraceae 1.12

84. | Typha angustifolia Typhaceae 0.39

85. | Xanthium strumarium Asteraceae 1.91

86. | Ziziphus nummularia Rhamnaceae 1.02
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Photo Plates:

AR
o o
- e

Counting species in 5 quadrat Photo of [pomea carnea

Photo of Eichhornia crassipes
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