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ABSTRACT

Wetlands including lakes support high biodivergioviding essential ecosystem
services, yet they are among the most vulneralid@édia worldwide. Several invasive
alien plant species (IAPS) have invaded Nepal'slames. However, the available
data are insufficient to inform policy and managetndecisions. This research was
carried out in the Lake Cluster of Pokhara ValleZRV), a Ramsar site in central
Nepal, with the objectives to 1) analyze the digref naturalized plant species in
the LCPV, 2) identify IAPS and their spatial dibtrtion in Pokhara valley, 3) assess
the level of eutrophication in the LCPV, 4) ideptthe pathways of introduction and
dispersal of the IAPS, and 5) assess the impad&sR$ on ecosystem services in the
study area.

Altogether 89 plots (20x5 ) were sampled to record flowering plants and their
cover along the shoreline of the nine wetlands toatstitute the LCPV. The species
were identified, classified based on their lifenigr (Raunkiaer’'s life forms), and
categorized into native and naturalized specieg Vidriation of naturalized species
richness with native species richness was analgyedgeneralized linear model. The
relations of environmental variables with speciesnposition were analyzed by
ordination. A survey of roadside vegetation (201 %rdm plots) was carried out to
record the diversity and distribution of the IAP% Pokhara valley. To assess the
eutrophication status, altogether 89 water sampége collected from all nine lakes,
and estimated nitrate nitrogen and total phosphofias analyze the impacts of
nutrient contents on species richness and coverati¥e and naturalized species,
multiple regression was used. To trace the souacek dispersal pathways of the
IAPS, residents (n=56, age >37 yrs) living arounel wetlands with a high level of
plant invasions (Begnas, Phewa, and Rupa) werevietged. To assess the impacts
of IAPS on ecosystem services, household survey87@), focus group discussions
(n=19) and key informants’ interviews (n=23) wer®nducted among the
beneficiaries of the LCPV such as the farmers,dysahoteliers, and fishermen.

The study recorded a total of 258 species of flavgeplants (73 families and 191
genera). The most species-rich family was Astema¢2a spp), followed by Poaceae
(26 spp), Fabaceae (19 spp), and Cyperaceae (19 Bberophytes (29%) and
Hemicryptophytes (27%) were the most common ambedite forms. The richness
of naturalized species increased with increasiniy@aichness whereas the nutrients
had no significant effect on the species richnéssturalized plants. The study found
a total of 22 IAPS in Pokhara valley. Four of tleearded IAPS, vizChromolaena
odorata, Lantana camara, Mikania micrantrendPontederia crassipesere among
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the 100 of the world’s worst invasive species. Thest frequently encountered
species werdidens pilosa(63%), Ageratumhoustonianum(61%), andL. camara
(61%).

In water samples of the LCPV, the phosphorus leve$ 0.29-1.25 mg/L and the
nitrate nitrogen 0.04-0.17 mg/L. Based on these matrients, the wetlands of the
LCPV were classified as eutrophic. According to thsidents, most of the aquatic
IAPS found in the LCPV were brought from the souath€arai region of Nepal and
northern India between the 1970s and 1990s. AmbeglAPS,P. crassipesand
Pistia stratioteswere brought for their ornamental values #paimoea carneaubsp.
fistulosa was introduced for fencing purposes. It appearat #lternanthera
philoxeroideswas introduced accidentally to Phewa lake recefubserved for the
first time in 2019). Local respondents had beenilfamwith Leersia hexandrdor a
long period (>50 years) and were not aware of ithe and mode of its introduction,
suggesting that this species could have the longissbry of introduction to the
LCPV. The study enlisted 18 ecosystem servicesirgdarom the LCPV. The most
cited services were water for irrigation, fish famy livestock fodder, traditional mat
materials Kachaerinarubiginosg, habitat protection, and natural beauty. Theltota
economic benefit generated by the provisioningisesvof the LCPV in 2019 was
estimated to be International $ 0.10 million pemusehold per year. Before the
proliferation of the IAPS (1989), the estimated remmic value was almost triple
(International $ 0.29 million per household perryed@he decline in economic value
was the most pronounced in fish production (Inteomal $ 151.1 thousand) and
supply of lotus (International $ 24.1 thousand).

The study revealed that the Ramsar enlisted wetlandhe Pokhara valley and the
surrounding landscape have been invaded by sei&PS8 including some of the

globally worst invasive species with significant gave impacts on wetland

ecosystem services. As a recommendation, this stighjights science-based policy
management for preventing the further spread ofSA#Pthe LCPV. It is suggested to
prevention of the IAPS spread to non-invaded weahrough public awareness and
regular monitoring, and their control in the invedeetlands through participatory
approaches. Nonetheless, a well-managed IAPS itanagst such as the LCPV not
only supports the livelihood of the local peopld biso helps to meet national and
global targets to conserve wetland biodiversity hakiitats from further degradation.

Keywords: Biological invasion, Dispersal pathways, Ecosyssavices, Floristic
diversity, Native-naturalized relationship, Spatiatribution, Wetland
eutrophication

Vi



LIST OF ACRONYMS AND ABBREVIATIONS

ANOVA
APG
CCA
CDB
DCA
DHM
EDS
EICAT
ES
FGD
GLM
GPS
IAPS
INT. $
IUCN
KATH
Kl
LCPV
MEA
MoFE
MoFSC
MRT
NPR
PAs
PPP
TU
TUCH
US$
WWF

Analysis of Variance
Angiosperm Phylogeny Group
Canonical Correspondence Analysis
Central Department of Botany
Detrended Correspondence Analysis
Department of Hydrology and Meteorology
Ecosystem Dis-services
Environmental Impact Classification of Alidaxa
Ecosystem Services
Focus Group Discussion
Generalized Linear Model
Geographical Positioning System
Invasive Alien Plant Species
International Dollar
International Union for Conservation of Negu
National Herbarium and Plant Laboratories
Key Informant Interview
Lake Cluster of Pokhara Valley
Millennium Ecosystem Assessment
Ministry of Forests and Environment
Ministry of Forests and Soil Conservation
Minimum Residence Time
Nepalese Rupees
Protected Areas
Purchasing Power Parity
Tribhuvan University
Tribhuvan University Central Herbarium
United States Dollar
World Wildlife Fund

vii



Table 1:

Table 2:

Table 3:
Table 4:
Table 5:

Table 6:

Table 7:

Table 8:

Table 9:

Table 10:

Table 11:

Table 12:
Table 13:

Table 14:
Table 15:
Table 16:

LIST OF TABLES

Page No.

Trophic status in lakes in Nepal and neighboringintoes.
Information on nitrogen and phosphorus level inioas
wetlands in Nepal including Ramsar sites and lewél
eutrophication was predicted using the standaestiold level............. 12

General information on the Lake Cluster of Pokh¥elley,

= = | 19
Land use type of Pokhara Metropolis from 1977 tb@0..................... 20
Total number of plots studied in each wetland oPMC................uue.... 22

Trophic status with nitrate nitroger{NOs-N) and total
PROSPNOTUS (TP) ..o 25

Number of participants in the focus group discussibeld in
Lake Cluster of Pokhara Valley, Nepal ..o, 27

Household survey in the vicinity of Lake Cluster Bbkhara

The number of native and naturalized species ates&siomic
hierarchies and life-forms ..........ccoiceeeee 30

Results of multiple regression of species richreess cover of
native and naturalized species with nitrogen andsphorus
CONENTS OFf WALET ...covviii e 34

Number of species under different plant familiesorded from

the Lake Cluster of Pokhara valley, Nepal ...cccceevvvvviiiiiineiiiieeeeeee, 37
Floristic diversity of IAPS in LCPV and associateddscape of
Pokhara valley ..o 38
Uses of the plant species reported from the LCRV........................... 41
Mean value of nitrate nitrogen and total phosphowith

standard deviation .............uuueueiii e 45
Approximate time of the introduction of IAPS in LEPR....................... 46
List of aquatic IAPS present in each lake ....ccccooeiiiiiiiiiiiiiiiieeii, 48

Local people’s response on the ecosystem serviagsegsponse
percentage for different ecosystem services inslakePokhara



Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

LIST OF FIGURES

Page No.

Ombrothermic diagram showing the climatic statu®akhara

Map of Nepal (A), Kaski district (B) and lake clastin

Pokhara Metropolitan City (C) ........oovvvvvieememeiieie e eeeeeeeeeeeeeiienns

Number (within bar) and percentage (in y-axis) afive and

naturalized species in the studied wetlands.......................c.....

Box-whisker plot illustrating a variation of nativand
naturalized species richness (#species/10) atross the
studied wetlands. The wetlands with different al@ta above

the box-whisker plots had significantly differeneam species

richness at p<0.05 (ANOVA followed by Tukey’s rartgst) ........

Variation of the species richness (#species/100) wof
naturalized species with the richness of nativecigige The

fitted line was obtained from a generalized lineadel................

CCA biplot diagram showing the association of ratplant
species with study wetlands and environmental g
(nitrate nitrogen and total phosphorus content iatew.
Species names were concatenated using the finstdttars of

generic and SPECIES NAIMES ............uvvrummmmmmmmieeeeeeeeeereeeeeeeeernnnnne

CCA biplot diagram showing the association of nalined
plant species with environmental variables (nitrateogen
and total phosphorus content in water). Speciesesawere

concatenated using the first four letters of genarid species

Percentage of alien species recorded from Pokhaliayy

Nepal and their place of Origin .........ooviceceeeveeee e,

iX



Figure 9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Figure 16:

Figure 17:

Percentage (y-axis) and number (within bar) of wveatand
naturalized alien plant species categorized undtarent life

forms. Values inside the bars represent the numibgpecies ......

Frequency of different alien plant species in Po&khaalley,

Variation of IAPS richness across land-use type®akhara

Metropolitan City, Nepal ..........ccooiiiiiiiemmcii e

Spatial pattern of the species richness (specigdatplot) of

IAPS in the study area ..............uveeiiic e

Causes of introduction of IAPS in LCPV ...

Prioritized ecosystem services in the peripherylaies in

Pokhara by different stakeholders ..........ccccceevvviiiiiiiiciiiieeneenn.

Economic values of provisioning services from lakefs

Pokhara valley Nepal in 2019............uuvimcmiieeeeeeeeeeeeeeiiiiie

Comparison of economic values of provisioning ssifrom

lakes of Pokhara valley Nepal in 1989 and 2019 ..ccoooviveeeninnnnns

52



Table

Page No.
Declaration [
Recommendation ii
Letter of Approval ii
Acknowledgements v
Abstract %
List of Acronyms and Abbreviations Vil
List of Tables viii
List of Figures IX
Table of Contents Xi
CHAPTER 1
1. INTRODUGCTION ...t e et e e e 1
1.1 2 7 Tod (o | {010 Lo LS 1
1.2 RALIONAIE ... e 5
1.3 HYPOTNESES ... e e e e e e e e e e eeeeee b sennnnreees 6
1.4 (@] 0] =01 11V 6
1.5 LIMITALIONS ... e 6
CHAPTER 2
2. LITERATURE REVIEW ... 8
2.1 BiologiCal INVASIONS .......ccevvviiiiiiiimmmmce et e e e e e e e e e e e e e e eeeeeeeeenens 8
2.2 Biological invasion in wetlands ... Q...
2.3 Diversity of naturalized plant SPECIES . caeeeeecieveeeeiiiiiiiiiiieeeeiin 9
2.4 Wetlands eutrophiCcation ................ecoeeeeeeeeeeeecceeeee e 10.
2.5 Introduction and dispersal pathways of IARS..............cce e, 14
2.6 Impacts of biological invasion on ecoSystenvises................cccceuvvnn... 15
2.7 Biological invasion in wetlands of Nepal e ..coooieeiieeeiiiiiiiieiiiiiiiins 16
2.8 (ST YC T ol 0 = 1 16

of Contents



CHAPTER 3

3. MATERIALS AND METHODS ... 18
3.1 Y (80 |V T == 18
3.2 Diversity of naturalized SPECIES .......coeeeeeirriiiiiiieee e 1.2
3.2.1 RECONNAISSANCE SUIVEY ......cceviiiiiiiieiiiiiiiiiiaaea e e e e e e e e e e eeeeeeeeeennnnes 21
3.2.2 Vegetation and water Sampling........cceeuueeeeeiiiiiinnneeeeeeeeeeeeeeeiiiiieens 1.2
3.2.2.1 Inventory of wetland flora..........ccceeeiiiiiiiiiii s 21
3.2.2.2 Vegetation SAMPIING .....coooviiiiiiieeeeemeceee e 22
3.2.2.3 Plant identification and species categtigpa...............cccccceeeeeeeeeeeeeenn. 22
3.2.24 Data @NalYSIS ....eeevveveeeeeeneee s et s s s e e e e e e e e aeeeeaeeeaearnrnnn————aan 23
3.2.3 Water sampling and laboratory analysis w..cccocvvvveeeveiiiviniciinnnn... 24
3.3 Distribution MapPinNg ......eeeeeeee e ceeeeeeceee e 25
3.4 Assessment of eutrophication in freshwaterdake..............cccccvvnnnnnnn. 25
3.5 Introduction and dispersal pathways of the IAPS.............ccccceeeeeen. 25
3.6 Impacts of the IAPS 0n eCOoSyStem ServiCeS...cc....ccoevvvvveverirvinnnnnnnnnn 26
3.6.1 Questionnaire survey and diSCUSSIONS cceeemmmmieieeeeeeeeeeiieeeeieiiiiiiiiinn 26
3.6.2 D= 1= U= L P 1A £ 28
CHAPTER 4

4. RESULTS oo mrmmm e e e eeees 30
4.1 Diversity of native and naturalized plantS...............cccceeeiiiiinnneeennnnn. 30
41.1 Relation between native and naturalized spa@thness....................... 33
4.1.2 Nutrients and plant iINVaSIoN ... 33
4.1.3 Community composition and environmental \J@és. ........................... 34
41.3.1 Native plant COmMMUNILY ............oicceeee e e e e e e e eeeeeeeaeees 34
4.1.3.2 Naturalized plant COMMUNILY .........coeevviiiiiiiiiiiiiee e 35
4.1.4 Floristic diversity Of LCPV ......ciii i 37
4.2 Spatial distribution of the IAPS ... 1.4
42.1 Frequency of the TAPS ... e 41
4.2.2 Distribution of the IAPS ... e 42

Xii



4.2.3 SPECIES MCNNESS ... e 43

4.3 Eutrophication iN [aKeS.........ccoouiii e 45
4.4 Introduction and dispersal pathway of the IARS............cccccceeiieenennn. 45
4.5 Impacts of the IAPS 0N eCOoSyStem ServiCeS.......coovvvvveerevivvnnnnnnnnnnn 47
45.1 AQUALIC IAPS IN LCPV ..ottt a7
45.2 Ecosystem services provided by the lakeS............cooovvvviiiiiiiiiciennn. 48
45.3 Prioritizing €COSYStEM SEIVICES ......ccceeeeeeeeeiiieee e e e e e e 49.
45.4 Valuation of provisioning SEIVICES ..o eeiviiiiiieeeeierrre e 50
CHAPTER 5

5. DISCUSSION ...oiiiiiiieiie ettt e e e e e e e e e aaeaaaaaaaasanannnnns 53
5.1 Diversity of naturalized plants ... 53.
5.2 Spatial distribution of IAPS ..o 55.
5.3 Introduction and dispersal pathway of IAPS .ccc....coooooiiiiiiiiiiee 56
5.4 Eutrophication in l[ake water ............ccccceeiiiiiieeiiiieee 58.
5.5 IMPACES O IAPS ..o eeeebenees 60
5.5.1 Aquatic IAPS in LCPV and their impacts .............cuvveeiiiiiinnniieeeeeee, 60
5.5.2 Ecosystem services from LCPV ... 61
5.5.3 Impacts of IAPS 0N eCOSYSteM SEIVICES.......ccceeeeeeeeeeieeeeeiiiin 62
554 Economic costs due to IAPS ... 62.
CHAPTER 6

6. CONCLUSION AND RECOMMENDATIONS .......ccvviiiiimiiiiiiieeeenn. 64
6.1 (0] o Tod U7 [0] o P UPPUUTT 64
6.2 ReCOMMENMALIONS .......cooiiiii e 65
CHAPTER 7

7. SUMMARY .ttt e e r e e e e e e e e e e s 67
REFERENGCES. ..ot sttt ettt e e e e e e e e e e e e sear e e e 71
APPENDICES

PHOTO PLATES

Xiii



CHAPTER 1

1. INTRODUCTION

1.1 Background

Biodiversity and ecosystems have their own intanglues, and also contribute to
societies providing benefits to people (IPBES, 20b8t are recently impacted
negatively by biological invasions and other drsvef environmental degradation
(Vila & Hulme, 2017).Biological Invasion is a significant component afnhan-
induced global environmental change (Shackletoral., 2019). Plant and animal
species have been moved from one place to anathémuhdreds of years. Not only
the materials associated with trade and culturee\vegchanged and transported along
with trades and travel but also plant and animategs, intentionally or accidentally,
and sometimes without any special goal. Unfortugatine redistribution of the
world's species by humans is proving to be bothrenmentally and economically
destructive, and the consequences are the risimp@uof alien and invasive species
(Vitousek, 1996; Meyerson & Mooney, 2007; Seebees al., 2017; Yanget al.,
2021). Globally, biological invasion has created adteration of the temporal and
spatial pattern of disturbance which may be thetmpagound on ecosystem structure
and function (Mack & D'Antonio, 1998; Ehrenfeld, 120). It has increased the
ecological and evolutionary pathways of natural sgsteems and impacted
biodiversity (Aloo, 2013; Esstt al., 2020) and ecosystem services (IPBES, 2019)
affecting ecosystem functioning and causing disasi{Xie et al., 2003). The
consequences of biological invasion are directlgteel to global climate change and
biodiversity loss (Lodge, 1993; Williamson & Griffis, 1996; Wilsoret al., 2009).
International trade is the main driver of globadlbgical invasion (Hulme, 2021). For
damages such as crop losses, habitat degradaties,of ecosystem services, and
management such as removal, restoration, and mniingaan estimate of the cost of
invasive species globally was found to be US$162lion for the year 2017 (Diagne
et al.,2021).

In various parts of the world, plant species hawrtplace of origin called native
range. Species from native ranges cross geograpbdcendaries such as oceans,
mountains, and deserts and arrive in a new area @&sult of various means of

introduction, such as global trade and travel (Baailal.,2015). They are called non-



native, exotic, or alien plant species. Non-napilants become established as a result
of human intervention, either directly or indirgc(Wilsonet al.,2009). The majority

of alien species do not create self-replacing patparis in the wild, but those that can
are called naturalized (Sax & Brown, 2000). Theasive alien species are the
naturalized plants that produce offspring in vemgé numbers, at distances from the
parent plants, and thus have the potential to dposar a large area (Pysek al.,
2004). Non-native cultivated plants that escapéh¢owild but are unable to establish
self-replacing populations without human help arewn as casual.

The IAPS have invaded several wetlands including&ta sites in Nepal (Tiwagat
al., 2005; Bhatt & Shrestha, 2021) and elsewhere imibréd (Lazaro-Lobo & Ervin,
2021). Wetlands including lakes are among the vsnraost productive life support
systems, and they are vital to humankind becawseplovide fresh water, food, and
construction materials, as well as biodiversity,pmut flood management,
groundwater recharge, and climate change mitigdtiails, 1997). The introduction
of alien species in lakes has been found to caheeldss of biodiversity and
degradation of ecosystem services (Rodriguez, 2009he lakes and water bodies,
the invasions also bring eutrophication that letmlsspecies loss due to oxygen
deficiency and insufficient light penetration (Chanet al.,2012). Wetlands account
for 40.6% of worldwide ecosystem services valuenfBar Convention on Wetlands,
2018). IAPS can have a significant impact on therises because they develop
quickly and eventually cover the entire water stefalhey restrict light penetration
below the water surface, which has an impact omtagplants and animals, and they
deplete oxygen (Mailu, 2001; Tellet al., 2008). IAPS have an impact on species
diversity, water supply, drainage systems, hydragowmputs, river water flow,
nutrient cycling, restricts people's access to watereases disease vectors, sustains
mosquito larvae, biological activity, and biocheatioxygen demand, and has the
potential to obliterate native aquatic biota (Hodvak Matindi, 2017). Many
ecosystem services, such as water supply, floodimhitat provision, power
generation, and recreation, are affected by thebewnrand distribution of IAPS in
freshwater. The IAPS affect water through their pblpgy, morphology, behavior,

and interactions with other species (Catford, 2014)

There are several hypotheses proposed to understanchechanisms of biological
invasions (Jeschket al., 2012). These hypotheses have highlighted the rotes



different biotic and environmental factors that nafect the diversity of naturalized
and invasive plant species. Two of these factaesttae diversity of native species in
an ecosystem (Biotic resistance hypothesis, Codinal., 2007) and fluctuations of
nutrients and other resources including eutroptuoat(Fluctuating resources
hypothesis, Davi®t al., 2000). Test of these two hypotheses using empidata

generated from wetlands can provide useful insifiitshe management of IAPS in

the wetlands.

Periodic spatial distribution mapping is helpful kmow the recent invaders and
implement appropriate control measures. The standamogram of mapping
distributions, predicting future ranges, modelimppdes spread, assessing impacts,
developing management guidelines, and screeningsgiezies are the steps of
invasion studies with some limitations (Hulme, 20&patial distribution mapping of
invasive alien species using geographic informasgatems (GIS) is in common
practice (Chuvieko & Salas, 1996; Dark, 2004; Martei et al.,2020; Sayaret al.,
2021).

Plant invasions in wetlands are driven by a ranfeervironmental factors and
anthropogenic disturbances. Among them, eutropbitatis a major factor,
particularly in inland freshwater wetlands. Frestewaeutrophication enhances
invasion success due to an increase in plant greawith in propagule pressure
(Mormul et al., 2020). For example, nitrogen addition (eutrophacgt in San
Francisco Bay increased the density and biomagskeoinvader and decreased the
density of the native (Tyleet al., 2007) Nitrogen-enriched eutrophication has a
significant contribution to the successful invasiwinSpartina alterniflorain China
(Zhaoet al.,2015).

Species are introduced outside of their native @abgth intentionally as well as
accidentally (Hulmeet al.,2008). While trade and travel are major causegetiss
introduction globally (Hulme, 2021), at a local é\(e.g. landscape) anthropogenic
disturbances (e.g. deforestation), infrastructueeetbpment (e.g. road construction),
natural processes (e.g. flooding), and other biaigents (e.g. birds) also play
important roles in propagule dispersal and estaivient. For example, waterbirds are
found to act as important dispersal vectors fostveater invasive species (Reynolds
et al., 2015). The world’s worst aquatic invasive aliere@ps are introduced as
ornamental species (Krishnakumetr al., 2009). In China, 50% of invasive alien



plants were intentionally introduced as pastur@nahfeed, textile plants, medicinal
plants, vegetables, ornamental plants, or lawntpldout 25% of invasive alien plants
were intentionally introduced as crops, ornamepiahts, or biological control agents
(Xu et al.,2006).

Nature and its contributions to people, which tbgetsymbolize biodiversity and
ecosystem functions and services, are decliningdwatte (IPBES, 2019)The IAPS
are known to have a variety of impacts on ecosystemices (Vila & Hulme, 2017).
The ecosystem services are the benefits that theystem provides to humanity
(MEA, 2005; Steinmaret al., 2017). Ecosystem services connect ecological and
economic factors with human well-being and life goip systems, conservation and
development, and private and public policy (Costiagizal., 1997; Akinsete teal.,
2019). Ecosystem services are generally classifge(d) provisioning, (2) cultural, (3)
regulating, and (4) supporting services (MEA, 2006Yyasive species can limit the
availability of ecosystem services. Habitat invaslay alien species has become a
global issue with serious consequences for ecaggsconomic, and social systems
(Dutta, 2018; Kuldipet al., 2010). IAPS have been shown to lower local plant
population and variety, enhance ecosystem prodtytiand change the pace of
nutrient cycling, all of which have a negative imp@&n ecosystem services and
human well-being (Charles & Dukes, 2008; Kek¢al.,2011).

Nepal harbors 183 species of naturalized plantsobuthich at least 28 species are
invasive including 6 aquatic ones (Shrestha & Shees2021, Shresthet al., 2021,
Adhikari et al., 2022). The number of naturalized plant specieshés highest in
central Nepal followed by eastern and western Népladttaraiet al.,2014). They are
gradually spreading towards western Nepal and thiy hegion. Present
anthropogenic climate change may amplify the planasion in areas which is
currently less suitable for IAPS (Shrestha & ShrasP019).The IAPS in Nepal has
caused a range of impacts including losses of algmre production, increased labor
cost, suppression of native species, and healdbecklproblems for humans and
livestock (Shrestha, 2016). They are also degratiedrabitats thereby impacting the
ecosystem structure and function (Haeelal., 2015). Several wetlands including
Ramsar sites have been invaded by a number of (AR&ri et al., 2005; Bhatt &
Shrestha, 2021), threatening the biodiversity thayport and the ecosystem services
they deliver. In this context, the present studwyed to find the diversity, distribution,



and impacts of IAPS in the lake cluster, and theoasted landscape in Pokhara

valley, Nepal.

1.2 Rationale

Wetlands are important ecosystems that provide abddu ecosystem services, yet
wetlands are degrading fast due to various antly@mo activities (Charles & Dukes,
2008). Wetlands are particularly prone to biologicevasions. Wetland invasive
species account for 24% (8 of 33) of the world'ssimavasive plants (Zedler &
Kercher, 2004). The IAPS develop mono-dominantdsaaitering habitat structure,
reducing biodiversity, altering nutrient cyclingdaproductivity (often boosting it),
and altering food webs (Zedler & Kercher, 2010)e Tinoblems of IAPS in wetlands
are increasing in recent times. Sporadic effortsnemage them had remained less
effective in Nepal. Long-term and systematic manag# planning requires detailed
information on the diversity, distribution, and pissal of naturalized and invasive
plants in wetlands.

In Nepal, the impacts of biological invasions oro®stem services provided by
wetlands have not been studied. Several attemptslieen made around the world to
explore the effects of invasive alien species oosgstem processes (Charles &
Dukes, 2008). Ecosystem services provided by soimiheowetlands of the Lake
Cluster of Pokhara Valley (LCPV) have been evaldiak®r example, Paudyadt al.
(2018) studied land-use change and ecosystem esrdelivery from the Phewa
watershed. Similarly, Thap&t al. (2020) investigated the ecosystem services
provided by the Begnas watershed. However, studiesring all nine wetlands of the
LCPV were lacking. Furthermore, the impacts ofngsiplant invasions in these
wetlands have never been accounted while investgatosystem services. Globally
worst species likePontederia crassipetave invaded major lakes of the LCPV
including Phewa, Begnas, and Rupa (MoFE, 2018b}Hmit impacts on ecosystems

and livelihood was largely unknown.

Pokhara is a famous mountain valley of beautifkéfain Nepal. In 2016, the cluster
of nine lakes in Pokhara valley has been declar&®hmsar site (Shresthet al.,
2020). Local people depend on the ecosystem senpoavided by this wetland.
Direct and indirect impacts of anthropogenic attg have degraded most of these

wetlands. A recent rise in the abundance of theSIA® an emerging management



challenge. Understanding the diversity of invasigben plants, their spatial

distribution patterns, drivers affecting plant isian including water nutrient content
and dispersal pathways, and impacts of invasivetplan ecosystem services of the
lakes can inform policy and management decisionsdoservation and sustainable

utilization of wetland resources.

1.3 Hypotheses

This research tested the following two hypotheses:

l. The diversity of naturalized plant species dexdi with the increasing diversity

of native plant species.

[I. Diversity and abundance of IAPS are positivelgrrelated to the nutrient

content of lake water.

1.4 Objectives

The general objective of the study was to analyee diversity, distribution, and
impacts of IAPS in the Lake Cluster of Pokhara &al(LCPV), central Nepal. The

specific objectives of the study were:

1. To analyze the diversity of naturalized plant spsdn the LCPV.

2. Toidentify the IAPS and their spatial distributionPokhara valley.
3. To assess the level of eutrophication in the waittse LCPV.

4.  To identify the pathways of introduction and disgaérof the wetland IAPS in

the study area.

5.  To evaluate the impacts of IAPS on ecosystem ses\pcovided by the LCPV.

1.5 Limitations
The following are the limitations of the presentdst:

a. For the floristic diversity study, plants were eafled within the area of 15 m

from the lakeshore (wetlands).

b. Among various ecosystem services, only provisiorsegvices accounted for
economic benefit estimation because provisioningises could be obtained

from the household survey of the beneficiaries thé other services like



regulating services, supporting services, and mlltservices were obtained by

value transfer method that could not be realistic.
Only flowering plants were included in the study.

Vegetation sampling was limited to the shorelind did not cover the interior
of the lake.

Determination of introduction and dispersal pathwegs limited to aquatic
IAPS only.



CHAPTER 2

2. LITERATURE REVIEW

2.1 Biological invasions

Biological invasion is a significant component ofinman-induced environmental
change in the world (Canadell & Mooney, 2002; Whkatgt al.,2008; Wilsonret al.,
2016; Shackletoret al., 2019). The principal environmental implications thie
biological invasion include species extinction, itatb loss, biodiversity loss,
ecological succession disruption, and difficultypglying ecosystem services to
people (Charles & Dukes, 2008).

Most of the invasive plants can actively flourishdaspread outside of their native
distribution. This plant can be particularly inwasiwhen it is introduced into an
ecosystem where it may receive support from the seW plant, animals, and
microbes and there are no organisms that are édapors (Maclet al., 2000). The
invasive alien plant species (IAPS) grow fast, ageequickly, and cause serious
damage to the native species and habitats in théd ildoward & Matindi, 2017).
Invasion of habitats by invasive plants and animialsa global problem, with
detrimental impacts on ecological, economic, araadsystems (Dutta, 2018; Kuldip
et al., 2010). One-sixth of the global land surface ishhigvulnerable to invasion
including developing countries and biodiversitygpaits (Earlyet al, 2016). Risks of
invasions are increasing globally due to expandingnsportation networks,
technological advancements, landscape transformatidimate change, and
geopolitical events such as warfare, and movemgRikciardi et al., 2017). For
example, areas occupied by the IAPS increased #yib(Bouth Africa between 2000
and 2016 (Henderson & Wilson, 2017). Internatiotrade and transport in the
modern era of globalization have played importate in the spread of IAPS rapidly
in the world (Hulme, 2009; Chapman, 201IA)tourist visit sites, the abundance and
diversity of alien species are substantially gne#ttan in control sites (Andersaat
al., 2015). Similarly, urban areas serve as hotspatshfe establishment of IAPS
(Gaertneret al., 2017). Novel ecosystems created by new combiraidrihe native
and alien species, have been developed by humaridwide (Buckley & Catford,
2016). Invasive species are creating a signifitlargat to agriculture globally both in
developed and developing economies (Patnal., 2016). They are also the major
drivers of the extinction of native species (Ballat al.,2016).



2.2 Biological invasion in wetlands

Biological invasion, land-use change in watersheds;ophication, and pollution are
the major threats to the wetlands (Eatyal.,2016). Invasion in wetlands are affected
by native biodiversity, nutrients, disturbancesd aavailability and dispersal of
propagules (Theoharides & Dukes, 2007). Despitdatiethat wetlands make up only
6% of the earth's surface, wetland species acdourt4% (8 of 33) of the world's
most invasive plants (Zedler & Kercher, 2004). \Wietls are landscape drains that
collect garbage, sediments, water, and nutrietitsf avhich promote invasions by
creating a favorable environment for the estableshinvand spread of invasive alien
species (Zedler & Kercher, 2004). The potential ¥egtlands to be invaded by
invasive species is the combined influences ofdaade sinks, including imports of
effectively growing hydrophytes, although no singlgothesis or attribute of plants
can explain all invasions of wetlands (Zedler & &wsr, 2004; Cronk & Fennessy,
2016). Invasive species in wetlands modify the r@tanvironment and negatively
affects ecosystem process and services (Martin &ntime, 2011). Many wetland
invaders also change habitat structure, biodiyerailitrient cycling, and production,
as well as food webs (Davis & Froend, 1999).

Freshwater ecosystems are particularly sensitiviag¢ointroduction of alien species
for two reasons: there are multiple routes througtich alien species might enter
freshwater systems and freshwater systems areeindgumpacted by various types
of human activities (Rodriguez-Merirgt al., 2018). Freshwater wetlands of South
Asia have been already invaded by a number of IA@Eexample, 71 wetland IAPS
have invaded wetlands of Kashmir Himalaya, Indiaa{®& Reshi, 2014). Similarly,
wetlands of Nepal are primarily invaded by six IARISey arePontederiacrassipes
Pistia stratiotes Leersiahexandra I[pomoeacarneasubsp.fistulosg Alternanthera

philoxeroidesandMyriophyllumaquaticum(Shrestha, 2016).

2.3 Diversity of naturalized plant species

According to the biotic resistance hypothesis, ggedch communities should be
more resistant to invasive species establishmeah thpecies-poor populations
(Collins et al., 2007). Negative relations between native and ahned species
richness had been reported by Cleral. (2010). The richness of naturalized and
invasive plant species was found to decline witlinanease in native species richness
in a study at inner Tarai valley in central Negza(dekt al.,2022).



In contrast to the wide belief that alien plantsnpetitively exclude native plant
species, a positive correlation was reported betweative and invasive species
richness in 58 Ontario inland wetlands (HoulahanFi&dlay, 2004). While this
concept predicts that naturalized species in am@ismore native species will be less
diverse, macro-ecological analyses have found tin relationship between
naturalized and native species richness is posihe¢ negative (Bartomeust al.,
2012). It was similar to the Sax (2002) finding,vitnich naturalized plant richness
patterns follow native plant richness patterns iediMerranean scrub populations.
Another study found that the richness of invasind aative species was strongly and
positively associated (Ackermaat al, 2017). These findings corroborate previous
research that found a favorable relationship betw#ee number of native and
introduced species (Espinosa-Garetal, 2004). Native plants have no strong
association with functional qualities and the eowment, whereas naturalized plants
do, and thus they do not compete and are indepeiisi#anovic et al, 2020). The
biological invasion uncertainty refers to the cegamce of various lines of support
implying both a negative and a positive link betwea®ative biodiversity and the
diversity of invasive species (Fridley al, 2007). Hence, the native richness cannot
always affect the success of naturalized specieskiiaret al.,2017).

The aquatic alien plant species richness is neggtigorrelated with the relative
coverage and biomass of native plants but posytiveirelated with the total nitrogen
(TN), total phosphorus (TP), and chemical oxygemaled (COD) in the water (Yet
al., 2018). This underpins the idea of biotic resiséaas well as the nutrient impact
on native plants and their diversity.

The diversity and abundance of naturalized plantiséurbed sites were substantially

higher than at undisturbed sites (Jaetmal.,2015). In particular, the disturbance has a
positive effect on naturalized plant species. B@naple, there was a stronger role of
anthropogenic activities in shaping diversity paiseof naturalized plants across

Pacific regions (Wohlwendt al, 2021).

2.4 Wetlands eutrophication

Eutrophication is characterized by excessive péanat algal development due to the
increased availability of one or more growth comgus required for photosynthesis
(Schindler, 2006). The overall nitrogen and totdlogphorus ratio are used to
determine whether a lake is oligotrophic or eutropBignificant levels of nitrogen
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and phosphorus are claimed to be present in thee fakking it eutrophic (Downing
& McCauley, 1992). Based on the nitrogen and phosghcontent in water, lakes are
classified into ultraoligotrophic, oligotrophic, swrophic, eutrophic, and
hypertrophic (Table. 5, Material and Methods segticExcess fertilizer uses in
farmlands, and detergents that contribute nitrayah phosphorus to lakes, and other
bodies of water are all eutrophication issues. fbnmation of dense blooms of toxic,
foul-smelling phytoplankton, which impair water tg and harm water quality, is
the most visible result of anthropogenic eutroptibeca (Chislock, 2013). Algal
blooms in littoral zones limit light penetrationtust growth, and kill plants by
blocking light and catching prey. Eutrophicatiorfeafs the amount of light and
nutrients available in a given ecosystem. As altethe species’ makeup changes,
and only the most adaptable species survive, wigl® competing species emerge
and out-compete the original population (King, 20These out-competitors could be
invasive alien plants. Microbial breakdown redudessolved oxygen greatly when
these dense algal blooms die, resulting in a hypokianoxic 'dead zone (Chislock,
2013). Alien invaders, on the other hand, benefibranfrom increased food
availability than native species (Dukes, 2000).

Changes in nutrient levels in water bodies are harotwell-known feature of
biological invasion by fluctuating resources coric@pavis et al., 2000). If the
ecological impacts of invasive species are to lerstood and eventually predicted,
revealing the linkages between all factors of glottaange, and their effects on
ecosystem processes (Scherer-Lorereteal., 2007) in terms of biological invasion,
alien invaders normally profit more from increasedtrition availability than
indigenous species (Ehrenfeld, 2003; Scherer-Lamatal.,2016). The availability
of light and certain nutrients in an ecosystemegm@s a result of eutrophication.
Thus, the species composition changes, and onlyntbre tolerant species survive,
while new competitive species invade and out-compet original residents.

According to the nitrate nitrogen and/or total phtusrus content in most of the
Nepalese lakes in the recent past, Koshi Tappu Iiféil®Reserve (based on nitrate
nitrogen), Maipokhari (based on phosphate as garPp, Gosaikunda (based on TP),
Ghodaghodi lake (based on both nitrate and TP)e Wwgpertrophic. Beeshazari Lake
(based on TP), and Gokyo (based on TP) were eutrtgites. Begnas, Phewa, Rara,
Tilitso, and Rupa were oligotrophic lakes (Table Ajnong them, four lakes were
hypertrophic, two were eutrophic, five were oliggthic and rest of the others were
mixed type based on nitrate nitrogen and total phosis concentration in water.

11



Table 1: Trophic status in lakes in Nepal and neighboriogntries. Information on nitrate nitrogen

and total phosphorus level in various wetlands iep&l including Ramsar sites and level of

eutrophication was predicted using the standaestiold level

SN Wetland  Elevation Nitrogen content* Phosphorus content* Reference
(name and Value Measured ~ Method Value Measured Method
location) and parameter and parameter
unit unit
1 KTWR, Sunsari 75-100 m5.21 + Nitrate APHA, 1998 0.18 + Phosphate APHA, 1998 Pandeyet
1.65 0.05 al., 2020
mg/L mg/L

2 Beeshazariand 286 m 13249 TN APHA, AWWA, 2187+ TP APHA, Niraula
associated lakes + and WPCF, 135.7 AWWA, and 2012
lake, Chitwan 501.8 “Standard Methods ug/L WPCF,

ug/L for Examination of = .22 “Standard
=132 Water and Waste mg/L Methods for
mg/L Water,” Examination
of Water and
Waste
Water,”

3 Jagdishpur 197m 551+ TN Trivedi & Goel, - - - Chaudahary
reservoir, 1.321 1984 & Devkota,
Kapilbastu mg/L 2018

4 Maipokhari, 2150 m 0.261 Ammonia Phanate method  <0.1 Phosphate Stannous  Joshi &
llam mg/L mg/L chloride Sharma

5 Raralake, Mugu3000m 0z

0.01 mg/L
mg/L
6 Ghodaghodi 206m 145+ Nitrate APHA,1998 09+ TP
lake, Kailali 0.90 0.07
mg/L mg/L
7 Gosaikunda and4,380 m 153 TN Standard Methods0.12 (+ TP
associated lakes, (* for the Examination 0.026)
Rasuwa 0.774) of Waterand  mg/L
mg/L Wastewater
(APHA, 1998)
8 Gokyo and 4,700- 1.05+ TN Colorimetric ~ 0.57 £ TP

associated lakes, 5000 m  0.71 method (Trivedi & 0.71

Solukhumbu mg/L Goel,1984) mg/L
9 Lake1,Panch 4,100 m 2.29( Nitrate uv
Pokhari, + Spectrophotometric0.018)
Sindhupalchowk 0.448) (Screening) method mg/L
mg/L

12

method 2017

Nitrate  Tripathiet al.,2016 0 + 0.01 Phosphate APHA, 1998 Gurunget

al., 2018

APHA, 1998 Bhattaet
al., 2019

Standard Rautet al.,

Methods for 2012
the

Examination
of Water and
Wastewater

(APHA,
AWWA &
WEF, 1998)

Colorimetric Ghimireet
method al., 2013

(Trivedi &

Goel, 1984)

0.09 (+ Phosphate Ammonium Raut,et al.,

molybdate 2014

ascorbic acid

reduction
method



Lake 2

Lake 3

Lake 4

Lake 5

10 Phewa lake,
Kaski

Begnas lake,
Kaski

Rupa lake,
Kaski

11 Pangong Tso
lake,

Ladakh, India
| lake

Il lake

4,100 m 2.53 Nitrate
(*
0.661)

mg/L

4,100 m 1.78 Nitrate
(*
0.212)

mg/L

4,100 m 2.32 Nitrate
(*
0.000)

mg/L

4,100m 232 Nitrate
(*
0.014)
mg/L

742m 015 TN

mg/L

0.30
mg/L

650 m TN

0.28
mg/L

600 m TN

281 + Nitrate
340

ng/L

=0.28

mg/L

4,225 m

315+,
42

ng/L
=031

4,225 m

[l Lake, 225 m 4225m 302+

12 Tilitso lake,
Manang

44
ng/L
=0.30

4919m 0115 TN

mg/L

Autoanalyzer
(Technicon, AA 1I)

Mackerettet al.

0.18 (+ Phosphate
0.153)
mg/L

0.11 (£ Phosphate
0.014)
mg/L

0.09 Phosphate

(£0.014)

mg/L

0.07 (£ Phosphate
0.014)
mg/L

0.01
mg/L

TP

0.01
mg/L

TP

0.03 TP

mg/L

autoanalyzer Nakanishi
(Technicon, etal.,1988
AAl)

420 + Phosphate Mackerethet Bhatet al.,

(1978), CSIR 31 pglL

Pretoria (1974),
and APHA (1998)

Otsukiet al.,1984

Autoanalyzer

465 + ,
109

Ho/L

507 £ ,
66 ug/L

0.04
mg/L

TP

al. (1978), 2011
CSIR Pretoria
(1974), and

APHA (1998)

Aizaki et
al., 1987

Otsukiet al.,
1984

Autoanalyzer

*TP: Total phosphorus, TN: Total nitrogen

13



2.5 Introduction and dispersal pathways of IAPS

Alien species may be introduced to a new regioroupn three mechanisms:
importation of a commodity, the arrival of a traodpvector, and/or natural spread
from a neighboring region where the species idfiséeen (Hulme,et al., 2008).
There are six principal pathways of these three haeisms: release, escape,
contaminant, stowaway, corridor, and unaid&pproaches to describe and quantify
pathway attributes and how they interact with specitraits and regional
characteristics are important for management mresin four broad fields of pathway
research and management: pathway classificatiorplicapon of pathway
information, management response, and managemepdctmEsslet al., 2015).
Recreational boaters' migration between lakes appta be the most important
overland distribution channel for many aquatic tess including IAPS
(Bossenbroelet al., 2001). Boater traffic to individual lakes, distasctraveled to
reach these lakes, Great Lakes utilization, andraii@n from the Great Lakes to
inland waterways were identified as four indicatofrpathway features (Leurej al.,
2006). The Salt cedar distribution in Buenos Aicdy, Argentina was found to be
linked to watercourses and human-caused distursaBesides, the roads were found

to be important for propagule introduction into neettings (Natalet al.,2012).

Those species that are accidentally introducedbaedme invasive are, nevertheless,
as extensively distributed as those that are imteally introduced. Those introduced
as contaminants create havoc on a wider spectruseraf-natural environments. In
terms of invasion success, there are two typesnwbductions: planned species
introductions using commodities and not plannectiggeintroductions (Pysedt al.,
2011). Human-mediated extra-range dispersal whghthe cause of biological
invasions is frequently the result of many intraglues from multiple sources to
multiple regions (Wilsoret al.,2009).

Knowledge related to the introduction and dispergathways of most of the
naturalized as well as IAPS is anecdotal withoupieical data (Shrestha & Shrestha,
2021). Only a very few previous studies have attechjpo identify dispersal pathways
of wetland IAPS in Nepal. For example, intentiomatoduction for fish feed was the
main pathway ofPontederia crassipeslispersal in the wetlands of Kanchanpur
district, Western Nepal but the pathway was unkndemthe other three wetland
IAPS (Bhatta & Shrestha, 2021).
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2.6 Impacts of biological invasion on ecosystem s&ces

By modifying nutrient and pollutant cycling, hydooly, habitat structure, and
disturbance regimes, many invasive alien specigeimce ecosystem functioning and
the supply of ecosystem services (Pysedl.,2020). Impacts are also creating threats
in the world, causing losses in biodiversity, chem@n ecosystems, and impacts on
economic sources such as agriculture, forestr\hefis power production, and
international trade. The influence of invasive $pgcon ecosystem services has
garnered worldwide attention. The importance ofbglocost for avoiding and
controlling biological invasion is highlighted bgrge expenses around at least US$
1.3 trillion between 1970 and 2017 (Nowetaal.,2021).

The integration of ecology and economics into deanisnaking about the impacts of
invasive species on ecosystem services is crifaratepairing and maintaining the
life-support systems on which all creatures relyfontheir life cycle (Pejchar &
Mooney, 2009). Negative impacts from IAPS can benst if caused by floating
aquatic plants that reduce access to freshwaterdfwnestic uses, reduce fish

collection, and change water cycling and compasitbwater (Kelleret al.,2018).

Invasive species have a significant negative impacquatic community abundance,
particularly macrophytes, zooplankton, and fishli@do, 2016). Increased amounts
of water turbidity, nitrogen, and organic mattervénabeen found in invaded
environments, all of which are linked to invadexsility to change habitats and cause
eutrophication (Gallardet al., 2016). A strong negative impact of IAPS had been
reported in a meta-analysis on the abundance ofat@gcommunities, viz.
macrophytes, zooplankton, and fishes, howeveretivas no evidence for a decrease
in species diversity in invaded communities of duacosystems (Gallardet al.,
2016). There remains a time gap between rapid amoed changes and local
extinctions. Most city dwellers have a bad impressof IAPS (i.e., agreeing to
produce ecosystem dis-services), but many of themenstand their value in
delivering ecosystem services. While the majoritycitizens were not opposed to
IAPS management, it was not seen as a high priavitgn compared to other
environmental concerns (Potgiegtral.,2019). To get rid of the impacts of the IAPS
on wetlands, habitat management, mechanical centaold direct interventions,
chemical control by using herbicides, and biolobicantrol by herbivory are the
possible options for wetland IAPS management (La#alvo & Ervin, 2021).
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2.7 Biological invasion in wetlands of Nepal

There are about 163 lakes in Tarai, and 79 in tfheednd mountains of Nepal (Bhuju
et al., 2010). The country has 10 Ramsar sites in Nepaimdar sites have been
designated for major lakes in Nepal. Ramsar sitdddapal include the Koshi Tappu
wildlife reserve, Bishazaari and associated lakdwdaghodi lake area, Jagadhispur
reservoir, Gosaikunda and associated lakes, Gokgloaasociated lakes, Phoksundo
lake, Rara lake, Maipokhari lake, and Lake ClustdPokhara Valley (MoFE, 2018a;
Shresthaet al., 2020). The Lake Cluster of Pokhara Valley (LCP¥)the most
recently (February 2, 2016) declared Ramsar sitdegfal (WWF-Nepal, 2016). The
LCPV includes nine wetlands: Phewa, Kamalpokhaegas, Rupa, Dipang, Khaste,
Gunde, Maidi, and Niureni. Although government itostons and several
international organizations such as WWF-Nepal ad€N are working on the
wetlands of Nepal, the study on the impact and memant of the invasive plants is
limited (Shresthat al.,2020).

Mikania micranthaspreading as climbers infested in the Tarai amehl${s, blocked
sunlight eventually killing native plants. Their nmiestations were observed in
KTWR, Chitwan valley, and are spreading furthetha westward direction in Nepal.
For the conservation of lakes, an integrated lad®nomanagement approach, Nepal
has drafted plans of Lake Cluster of Pokhara Val@gidahawa lake, and Rajarani
lake and stated that Nepal further needs to quaarifl add value to wetlands benefits
and services.Pontederia crassipes, Ipomoea carnsabsp fistulosa, and M.
micranthawere creating problems in the Terai wetlands (M@PESa).

At least six IAPS have invaded wetlands in NepairéStha & Shrestha, 2021). They
are Water hyacinth Pontederia crassipedvart), Alligator weed Alternanthera
philoxeroides(Mart.) Griseb), Bush morning gloryppmoea carnealacq. Enum),
Water lettuce Ristia stratiotesL.), Parrot's featheyriophyllum aquaticuniVell.)
Verdc.) and Southern Cutgras®érsia hexandr&w).

2.8 Research gaps

The diversity of native and naturalized plant specithe level of eutrophication in
lakes, the dispersal pathways of IAPS, the impatttAPS on ecosystem services,
and biological invasion in wetlands are among tpcs covered in a brief review of

the literature. The gaps found in the reviewedaedeare: 1) Although, substantial
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works have been carried out in the field of divgraif the naturalized and invasive
species in Nepal (Paudet al., 2022, Bhatteet al., 2020, Shrestha 2019, Shrestha
2016, Bhattaraiet al, 2014, Siwakotiet al, 2016), little was known about the
diversity and distribution of IAPS in the Ramsatesi including the LCPV; 2)
Scientists from different parts of the world arngrig to trace out the factors leading to
invasion success at a place. They put forward réiffietheories and hypotheses in this
regard. There is no information about the factavsegning plant invasions in the
LCPV; 3) Various Ramsar sites, including LCPV, hhdir nitrogen and phosphorus
levels estimated, but their association with piantasions has not been explored; 4)
The LCPV was suspected to have a diverse pool oataglAPS but their detail
account had been lacking; 5) Water Hyacinth haaded Phewa, Rupa, and Begnas
Lakes but there has been no previous study al®digpersal pathway to these lakes;
5) In spite of the works by Thap al. (2020), Paudyagt al. (2019), Sharmat al.
(2015), Bhattaet al.(2014), Birchet al.(2014) on ecosystem services, there is lack of
studies examining the impacts of IAPS on wetlanasgstem services in Nepal. The
generation of empirical data to address above meadi research gaps will help to
make informed policy and management decisionsHercdonservation of the LCPV

and other wetlands of Nepal that have been degrddedo plant invasions.
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CHAPTER 3
3. MATERIALS AND METHODS

3.1 Study area

The study area comprises the Pokhara valley inotuBiuranchaur and Gagangaunda
villages in the north and south respectively. Pokhaalley floor is surrounded by
Hemja towards the north, Panchase towards Northt VMethudada towards North-
East, and Bharat/Nirmal-pokhari towards the so@tbkhara in Kaski district and
Gandaki province, is one of the most attractivéeyalin Nepal, located in the central
midlands and in front of the snow-capped AnnapWwinaintain range. The valley is
located between 27.55° and 28.23° north latitudd 88.48° and 84.11° east
longitude, within an elevation range between 580-8basl| (Figure 1). The Pokhara
Metropolitan City occupies an area of 464.24 sq Ruokhara valley forms caves,
sinkholes, and pinnacles here and there becaubke pbrous underground.

Pokhara Awrport (827 m)
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Figure 1: Ombrothermic diagram showing the climatic statu$okhara valley (Data source: DHM,
2016)
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The climate of the Pokhara valley floor is tropjcalith summer monsoons. The
minimum temperature in Pokhara airport area was {@&uary) and maximum
temperature was 31.4°C (July). The average temperatas 21.8°C in the valley's
airport area. Similarly, the average annual préaiigin in Pokhara airport was
determined to be 3515 mm. The valley has wet saaban last from mid-February to
mid-November, with intense wet seasons lasting fkdanch to October and peaking

in June/July (Figure 1).

Pokhara valley has a cluster of nine lakes (LCP&8ighated as a Ramsar site (Table
2). The freshwater wetlands (mountain springs) mar8ardikhola, Bhhurjungkhola,
Khudikhola, Lastikhola, Chitrepanikhola, Yamdikhol&halikhola, Kahunkhola,
Phusrekhola, Bijayakhola, Harpankhola are the fegedburces to these lake systems.
Seti river is the main outlet of the valley to theuth. Shorea robustdorest, and

mixed Schima-Castanopsferests are found in the Pokhara valley.

Table 2: General information on the Lake Cluster of PokRalley, Nepal (Source: MoFE, 2018b)

Name of wetlands ~ Catchment area Max. depth  Elevation Latitude (°) Longitude (°)

(km? (m) (m asl)

Phewa 119.39 24 742 28.24 83.89
Rupa 26.02 4.5 600 28.17 84.13
Begnas 18.6 10 650 28.18 84.11
Khaste 2.69 2.0 723 28.20 84.15
Dipang 2.39 2.5 726 28.19 84.07
Maidi 1.6 2.0 850 28.18 84.08

Kamalpokhari 1.35 1.5 850 28.23 84.01
Gunde 0.61 0.5 766 28.19 84.04
Niureni 0.18 0.5 723 28.19 84.05

Pokhara is one of the most popular tourist destinatin Nepal. Almost one million

tourists visit Pokhara valley annually (FFYP, 2019)s estimated that some 40% of
the foreign tourists visiting Nepal reach PokhaPakhara is also the provincial
capital of Gandaki province (Figure 2). It is ab@00 km away from Kathmandu, the

capital city of Nepal.

Land use types in the Pokhara valley include hupltareas, waterbody, forest cover,
open fields, cultivated land, and sandy area (TaéhleRimal, 2011). Land use
percentage of the urban area/built-up area hasased; waterbody decreased; open

area was in decreasing order; forest cover slighdhined but after 1991 it increased;
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cultivated land declined; and, the sandy area #jighcreased from 1997 to 2011.

Land cover and land use change (2000-2018) rewmisges in water bodies by -
0.23%, forest by 18.85%, cultivable land by -34.32%rassland by 13.18%, barren
land by -0.18%, and built-up area by 2.56% (Rsl.,2020). The land use and land
cover map of Pokhara valley (Figure. 2 C) depidtat tthe study wetlands are

surrounded by agricultural fields and forests. Heasity of the population of the

Pokhara Metropolitan City is 1025 persons?kttps://worldpopulationreview.com/

world-cities/pokhara-population, www.pokharamun.gq.

Table 3: Land use type of Pokhara Metropolis from 1977Ga2@(Rimal, 2011)

Years 1977 1990 1999 2010
Land-use type km2 % km? % kmz % km?2 %
Urban/built-up 3.50 6.33 11.11 20.08 18.62 33.66 .428 51.42
Waterbody 773 1397 685 1238 7.10 1284 7.02 692.
Open field 6.46 11.68 4.44 8.03 3.53 6.38 4.26 7.70
Forest cover 0.84 1.52 0.75 1.36 0.87 1.57 122 122
Cultivated land 3359 60.73 29.18 5276 21.40 38.701.21 20.27
Sandy area 3.19 5.77 2.98 5.39 3.79 6.85 3.16 5.71
Total 55.31 100 55.31 100 55.31 100 55.31 100
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Figure 2: Map of Nepal (A), Kaski district (B) and lake clesin Pokhara Metropolitan City (C).
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3.2 Diversity of naturalized species

3.2.1 Reconnaissance survey

During the initial survey of Pokhara valley in Awgju2018, voucher specimens of
IAPS were collected and their identification wasnfooned by comparing with
previous publications (Tiwaret al., 2005; Shrestha, 2016). The specimens were
obtained as part of a spatial distribution mappsogvey. The voucher specimens
were deposited at Tribhuvan University Central Feikom (TUCH) in Kathmandu.

3.2.2 Vegetation and water sampling

3.2.2.1 Inventory of wetland flora

From June 2018 to December 2020, nine lakes oL@V were visited multiple
times, representing monsoon (Jun-Aug) and post-omns(Sep-Nov) seasons.
Flowering plant specimens were collected alongdhkees, within lakes, and around
lakes (15 m from the lakeshore). Following Hayn&88@) the collection of free-
floating and submerged species growing within 1%enseof the lakeshore was carried
out. The specimens were pressed into the newspapkrdried by paper-change
method. The prepared specimens were identifiedgusgional floras [the Flora of
Bhutan (Grierson & Long, 1983-2001), the Flora dfir@ (Wuet al., 1994-2008),
and the Flora of Nepal (Watsat al., 2011)]. The Tribhuvan University Central
Herbarium (TUCH) and the National Herbarium andhPlaaboratories (KATH) were
visited for further identification and verificatiaof the species. Expert opinions were

also considered for species identification.

The nomenclature of the families was based on APGANgiosperm Phylogeny
Group, 2016; Chase, 2016), while that of the geme@ species was based on the
Catalogue of Life (Roskoet al.,2020). Field observations and consulted florasswer
used to determine the species’' habits. Raunkieatiegjorization was used to classify
the life forms (Kent, 2012), and Plants of the WoiOnline (POWO, 2021,
www.plantsoftheworldonline.org) was used to deteemithe native ranges.
Traditional uses of the plant species were compilean the literature (e.g.
Manandhar 2002; Saét al.,2002; Bishokarmat al., 2005; Baral and Kurmi 2006;
Acharya 2009; Joshi & Joshi 2009, Kunweral., 2010, Conservat al.,2012: and
Adhikari et al.,2019).
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3.2.2.2 Vegetation sampling

Vegetation sampling plots were established aloegstiorelines of water bodies. The
vegetation was sampled using a rectangular pld (&) 20 m x 5 m) (Ellenberg &

Mueller-Dombois, 1974; Harper & Macdonald, 2002heTplots were sampled along
the shoreline in such a way that one-half of the plas on land and another half on
the water surface. The distance between subsequeist was approximately 400
meters in large wetlands (such as Phewa, Begngsa,Rand Dipang) and it was
approximately 200 meters in small wetlands (e.gamidlpokhari, Gunde, Maidi,

Khaste, Niureni).

Table 4: Total number of plots studied in each wetland oPMC

SN Wetland Number of plots
1 Phewa 23
2 Rupa 12
3 Begnas 21
4 Khaste 6
5 Dipang 7
6 Maidi 9
7 Kamalpokhari 2
8 Gunde 6
9 Niureni 3

Each plot was divided into five 20°n4 m x 5 m) sub-plots. In each sub-plot, plant
species present were recorded and their cover stanated visually (Kent, 2012).
Cover of each species was categorized into on afifferent classes: 0-5%, 5-25%,
25-50%, 50-75%, 75-95%, and 95-100% (Daubenmirg@9L%or this, the percentage
of sub-plot area covered by the canopy of eacht [glpacies was visually estimated.
During sampling, plant specimens were collected lagdbarium prepared for future

reference.

3.2.2.3 Plant identification and species categoritian

Plant specimens were identified as described eanli@.2.2.1. With the use of online
databases such as Plants of the World Online (Wiamtgoftheworld.org) and e-flora
(www.efloras.org), the identified species were sifesd as native and naturalized
alien species established in the wild (Pyseél.,2004). Plant species in their place of
origin are native plants whereas the alien plamcis to their non-native range
capable to self-replication in wild at least fontgears without human help are
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naturalized plants and the naturalized plants pinatiuce reproductive offsprings in
very large numbers away from their native range eaquhble to spread over a large
area are called invasive plants (Pysek 2004). Ukimgsive Alien Plants of Nepal
(Adhikari et al.,2022), naturalized species were further categoriz non-invasive

and invasive species.

3.2.2.4 Data analysis

Species richness was defined as the number ofesppasent in each plot (Magurran,
2004). For each plot, the species richness of #iverand naturalized species was
calculated separately. The species richness atlresstudied wetlands was compared
by the Analysis of the Variance (one way ANOVA)lldaved by Tukey’s range test.
Statistical outputs of these analyses were predexgdox-whisker plots. Variation of
naturalized species richness with native specwmess (hypothsis | of this study)
was analyzed by the Generalized Linear Model (GIMgCullagh & Nelder, 2019).

Multiple linear regression analyses among the eslnand coverage of native and
naturalized species with Nitrogen and Phosphoruswasents were carried out

(Olive, 2017). In this case, the richness and cyeiof native and naturalized species
were the dependent variables, and nutrients (NParwdere the independent variables.
This analysis helped to test the second hypotluésise present study. The GLM was
based on the nutrient content of the lake in thenfef N and P as dependent

variables, as well as the plots' richness, andregeeas independent variables.

Ordination was done using the vegan package of Ksd@enet al., 2013) to
determine the relationship between species composand environmental variables
(in this case, nitrate nitrogen and total phospbarantents of water, and wetland
identity). Ordinations like Detrended CorresponaeAnalysis (DCA) and Canonical
Correspondence Analysis (CCA) were performed. Thesalyses were done
separately for the native and the naturalized pdaeties. For both categories of the
species, the DCA first axis length was greater i@rand the eigen value was greater
than 0.5. Therefore, the CCA was used for furtmadyses (Leps & Smilauer, 2003).
The interpretation of the position for each speeied environmental variable in their
space was based on the species and environmeottaes scquired after the CCA. The
values of these scores assisted us in determihmgeilationship between them and

each of their axes.
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3.2.3 Water sampling and laboratory analysis

From each of the vegetation sampling plots, onemsample was collected so that
the vegetation and the nutrients in the water cinddelated. Altogether 89 water
samples (1000 mL per plot; 200 mL/sub-plot) wadeotéd in a clean bottle from the
water surface. The collected water samples werenpily transported to the lab
(Central Department of Environmental Sciences, Atitan University, Kirtipur) at
Kathmandu, where they were kept in refrigerator4&°C. They were used to
determine the levels of nitrate nitrogen and tgiabsphorus in water samples
following the method described by Trivedi and G{£184).

Nitrate nitrogen was obtained by Brucine methodv@ddi & Goel 1984). For this,
water sample was taken with the addition of 2 mLNaiCl, 10 mL of HSO, and
mixed with 0.5 mL of Brucine. The nitrate and bnereact to produce yellow color.
Its intensity was measured at 410 nm. The teststubth the mixture were kept in a
boiling water bath for 20 minutes. The content wasled and the reading was taken
using a spectrophotometer (SSIUV2101). Then, eitrérogen was determined from
the standard curve prepared. About ten water sampith known concentrations
were taken and their absorbance was determined gpiectrophotometer. A line of
fit was obtained in graph (by regression analytsia) provides the equation of a curve
in the form of y=mx+c. From the value of the absorte of the sample water

obtained, the concentration of the nutrient wasmeined.

Total phosphorus was also estimated using the mdstlescribed by Trivedi and
Goel (1984). For this, the water sample was digeliethe HSO,-HNO3; method (25
mL was taken in Kjeldahl flask with addition furthef 1mL H,SO, and 5mL of
HNQOs). The sample was heated until the solution beccoharless after the complete
removal of HNQ. To the digest, 20 mL of distilled water and 1 naf
Phenolphthalein was added. The acid was neutratigéirating it with 5SN NaOH till
the solution turns to pink. The pink color of Phigithalein disappeared after the
addition of Ammonium Molybdate. The Phosphorus eohtwas determined by
preparing a standard curve for total Phosphorusnanidiplying it with the dilution
factor. All forms of Phosphorus were convertednorganic forms (Orthophosphates)
after the digestion process. The concentrationotdl tphosphorus was determined

using a spectrophotometer.
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3.3 Distribution mapping

During a survey of IAPS in the Pokhara valley, abgl positioning system (GPS
Model Garmin etrex 10) was utilized to record tie@graphic coordinates of the areas
where the IAPS were found. Because the roads ameected with trade and travel
and mean of IAPS dispersal (Hulne¢ al., 2008), road networks were used for
distribution mapping. Regarding road length in Rakh black-topped, concrete,
H&W road was 891.65 km. and earthen, gravel was37k®m with a total of 1646.95
km. (unpublished data obtained from Pokhara MetitapoCity official, received on
27 January 2022). The IAPS were studied at 201 apipts (size: 5 m x 5 m) along
roadside vegetation located at the intervataf500 m. At each plot, the presence or
absence of IAPS, the land use type, and geograqgdinates (latitude, longitude,
and elevation) were recorded. Data were used tpapeedistribution maps of
individual IAPS in Pokhara valley using ArcGIS (ARttGhaniet al.,2011).

3.4 Assessment of eutrophication in freshwater lalse

The concentration of nitrate nitrogen and totalg@imrus in water samples collected
from the lakes of the LCPV was obtained in milligaper liter (see section 3.2.3).
By comparing the concentrations of nitrate nitrogew total phosphorus (Table 5)
with the concentrations of the water sample obthinbe lakes were classified

whether oligotrophic, eutrophic, or hypertrophic.

Table 5: Trophic statuses with nitrate nitrogen (NW) and total phosphorus (TP)

SN  Trophic status NG-N (mg/L)* Total phosphorus (mg/L)**
1 Ultraoligotrophic — <0.005

2 Oligotrophic <0.3 0.01

3 Mesotrophic 0.3-0.5 0.01-0.035

4 Eutrophic 0.5-1.5 >0.035

5 Hypertrophic >1.5 0.1

* MassWWP. Massachusetts Water Watch Partnersl@g, 2021
** |stvanovics, 2010

3.5 Introduction and dispersal pathways of IAPS

To know the possible sources and local disperdawegys of IAPS, local inhabitants
(n=56, age >37 yrs) of lake territories in Begnas1@), Phewa (n=20), and Rupa
(n=17) were interviewed. The interview was conddotth inhabitants from these

three lake territories because they were impacighlyhby the major IAPS such as
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Pontederia crassipes, Pistia stratioteand Ipomoea carneasubsp fistulosa For
interviews, elderly boaters and fishermen and asme elderly inhabitants were
selected from Pokhara valley. Open-ended questimmaas well as photographs of
all aquatic IAPS from NepaP@ntederia crassipes, Pistia. stratiotes, Ipomoaanea
subsp fistulosa, Leersia hexandra, Alternanthera phéiaides,and Myriophyllum
aquaticum, were prepared. The determination of introductiod dispersal pathways
was mainly focused on the aquatic IAPS. Interviewese taken and recorded with the
permission of the respondents. The names of timonelents have been included in
Appendix 1.

Alien species may have been introduced to a newmetprough three mechanisms:
importation of a commodity, the arrival of a traodpvector, and/or natural spread
from the introduced range where the species i aien (Hulmeet al.,2008). There
are six principal pathways of these three mechasiiselease, escape, contaminant,
stowaway, corridor, and unaided. The dispersalvpaylk for the wetland IAPS in the
study area are also identified, accordingly.

3.6 Impacts of IAPS on ecosystem services

3.6.1 Questionnaire survey and discussions

With the help of research papers (e.g., Costatzal., 1997; Sharmaet al., 2015;

Mcinnes & Everard 2017; Steinmagt al., 2017), a list of potential ecosystem
services of freshwater inland lakes was constru¢tgmpendix 2). The ecosystem
services provided by the studied lakes were detexthithrough focus group
discussions (FGDs), key informant interviews (Kllgnd individual household

surveys.

FGDs were held along the wetlands to gain a beajtasp of the stakeholders'
collective understanding of the ecosystem servisapplied by the wetlands.
Following Tayloret al. (2016), 19 focus groups with 5-10 people from ailgim

occupational background such as farmers, boateiserinen, and hoteliers were
conducted. An open-ended questionnaire and a dleak ecosystem services
(Appendix 2) were employed to facilitate the distass. Participants were urged to
speak up about their experiences. The FGDs' dimnsssvere recorded (with the
participants' agreement) and photographs were talkkenong the total 152

participants, the majority (75.6%) were male (Apghizr8).
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Table 6: Number of participants in the focus group discussibeld in areas of the Lake Cluster of

Pokhara Valley, Nepal

SN Lake Number of Participants

focus group

discussions Total Male Female
1 Phewa 4 47 42 5
2 Rupa 3 24 13 11
3 Begnas 4 31 19 12
4 Khaste/Niureni 3 12 9 3
5 Dipang 2 12 12 -
6 Maidi 1 7 4 3
7 Kamalpokhari 1 11 10 1
8 Gunde 1 8 6 2

Total 19 152 115 37

Nineteen groups of people were interviewed, reprtasg a variety of stakeholder

groups i.e. Boaters, Hoteliers, Fishers, and Fasrfieable 6).

There were altogether twenty-three persons (Appefidinvolved in Key Informants
Interview (KII). Among them, were boaters (n=4),tdéleers (n=5), fishers (n=5),
social worker (lake conservation committee, Mafdgl), businessmen (n-1), farmers

(n=5), retired government officials (n=1), and cantor (n=1).

The interviews with key informants were conductaedorder to acquire particular
information about the lakes' ecosystem servicesyelsas to cross-validate and/or

confirm the data obtained through FGDs (Appendix 5)

Individual interviews and local market prices oé thoods were used to quantify the
economic value of the ecosystem services, partigular provisioning services. To
gather information on the IAPS' influence on thelare ecosystem services offered
by the lakes, household surveys (Appendix 6) wereluacted among beneficiaries in
the vicinity of the lake clusters. Members of thekd committees assisted in
estimating the number of households in a 1 km areand the lake. For the survey,
10% of the houses were sampled using the snowdralblsng method (Etikan, 2016).
Interviews were conducted with the elderly memlmdrghe families. A total of 273
households were interviewed (Table 7), with farm@®&2), boaters (47), hoteliers
(35), and fishermen (29) (Appendix 7).
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Table 7: Household survey in the vicinity of Lake ClusteRifkhara Valley

SN Lakes Farmers Boaters Hoteliers Fishermen

1 Phewa 21 35 19 11

2 Rupa 16 - 5 8

3 Begnas 17 12 10 5

4 Khaste- Niureni 29 - 1 3

5 Dipang 13 - - 2

6 Maidi 23 - - -

7 Kamalpokhari 18 - - -

8 Gunde 25 - - -
Total 162 47 35 29

3.6.2 Data analysis

An inventory of the IAPS found in the lakes was eleped based on the field survey.
Following the grading technique, the ecosystemiseswvere prioritized (Mclnnes &
Everard, 2017; Shrestle al., 2019). This assisted in determining the relatisti®
of various ecosystem services. For the purposeiofijizing ecosystem services, all
individual comments obtained during the interviewsre categorized under four
categories: hotel, fisheries, boaters, and farnoeganizations. To prioritize the value
of all 18 ecosystem services, they were given felues for the most important
ecosystem service and one value for the leastfgigni ecosystem service. The final
score was calculated by adding all of the scorgsth®r. By dividing the score by the

total score and multiplying by 100, the scoringge@tage was computed.

The economic value of the main ecosystem serviBesvisioning services) was
estimated using direct and indirect market pricehmg@ologies (Sharmet al.,2015).
The average yearly value of directly utilized wetaproducts per household was
determined for the provisioning services based ovantties harvested and prices,
without considering what proportion was sold. Therage annual value of resources
harvested per household multiplied by the expedtd#dl number of dependent
households was used to compute the total valuleeofvetland's provisioning services
for all dependent households residing within 1 Knthe lake territory (Sharmet al.,
2015). The following equation was used to deterntireetotal economic value of the

provisioning services (Viboonpun, 2000 as citedSharmeet al.,2015).
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TVPi= ) (%hhxHHxNV)

i=1
where,
i represents the different wetland provisioning seyj

% hh is the percentage of total households sampledndiel: on théth provisioning
service (i.e., dependency weight);

HH is the total number of households residing in XHam the territory of the study
wetlands, and

NV is the average annual net benefit per user holgeho
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CHAPTER 4
4. RESULTS

4.1 Diversity of native and naturalized plants

Altogether 155 plant species were recorded in 88spkampled across all nine
wetlands of the Lake Cluster of Pokhara Valley. Aigpahem, five species were
cultivated, and one specigSdratophyllumsp.) could be identified only to the genus
level. These six species were excluded from furdrelyses. Of the remaining 149
species, 80% species were native and 20% wereatiaad (Table 8, Appendix 8).
Three of the families (Onagraceae, Oxalidaceae \@arbdenaceae) were represented
only by the naturalized species. The largest nunabenative species (27%) were
Phanerophytes but this life form was absent amdwg naturalized species. The

largest number of naturalized species (40%) wermiihytes.

Table 8: The number of native and naturalized species aceo®nomic hierarchies and life-forms

Categories Native Naturalized Total
Species 119 30 149
Genus 100 25 123
Family 53 14 56
Dicot species 89 25 114
Monocot species 30 5 35
Raunkiaer’s life forms Therophyte 23 12 35
Phanerophyte 32 0 32
Hemicryptophytes 31 7 38
Cryptophytes 18 5 23
Chamaephytes 15 6 21
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Figure 3: Number (within bar) and percentage (in y-axis)native and naturalized species in the
studied wetlands

The naturalized species accounted for 20-30% oflthveering plants in each of the
individual wetlands. The percentage of naturaligpdcies was the highest in Gunde
and the lowest in Begnas lake (Figure 3). The gsedchness of the native and
naturalized species varied significantly across ghelied wetlands (Figure 4). The
native species richness was the highest in Pheddh@nlowest in Maidi and Gunde.
Similarly, the richness of naturalized species thashighest in Phewa and the lowest

in Khaste and Dipang.
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4.1.1 Relation between native and naturalized sped richness

Species richness of naturalized species had statigt significant positive linear

relations with the richness of the native spedi®¥s<0.06, p=0.011) (Figure 5).
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Figure 5: Variation of the species richness (#species/18)0amnaturalized species with the richness

of native species. The fitted line was obtainednft generalized linear model

4.1.2 Nutrients and plant invasion

Regression of naturalized and native species rahmath nutrient content showed

that there was no significant relationship betwiem (Table 9). Similarly, when the

regression was performed between nutrients andctiverage of the native and

naturalized species (Table 9), the relation wasnaigaignificant. The results showed

that the nutrients have no definite relationshighvihe diversity and coverage of the

native as well as the naturalized species in tindysarea.
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Table 9: Results of multiple regression of species richraass cover of native and naturalized species

with nitrate nitrogen and total phosphorus conteftsater

Coefficients Estimate  Std error tvalue pr(>t)

A. Native species richness with nutrients

(Intercept) 13.3359 0.7660 17.411 2e-16***

N -0.6273 5.1470 -0.122 0.903
P -1.8506 15297 -1.210 0.230
B. Naturalized species richness with nutrients

(Intercept) 1.35953 0.12198 11.145 >2e-16%**
N -0.60185  -0.93873 -0.841 0.523
P 0.04232 0.25141 -0.161 0.867
C. Coverage of native species with nutrients

(Intercept) 26.39567 2.83401 9.314 1.13e-14***
N -0.911412  19.04365  0.479 0.633
P 0.04286 5.65990  0.008 0.994
D. Coverage of naturalized species with nutrients

(Intercept) 8.955 1.737 5.155 1.6e-06***

N -0.7884 11.674 -0.675 0.501
P 2.250 3.470 0.648 0.518

4.1.3 Community composition and environmental varibles

Present/absent (frequency), coverage, and richokgke plant species were the
components of the vegetation composition and theemis in the form of nitrate
nitrogen and total phosphorus along with the lakese the environmental variables
which were used to generate the CCA biplot (Apped)li

4.1.3.1 Native plant community

The native plant community composition of Phewaelakas distinctly different from
rest of the other studied wetlands (Figure 6). Gaulgjcally closely located Begnas
and Rupa lakes had similar species composition,theg were distinctly different
from the remaining wetlands. The remaining wetlangse closer to each other in
their native plant species composition. Speciee Kicus auriculata, Falconeria
insignes, and Clocasia fallashow affinity with Phewa lake and high nutrient).(N
Elephantopus scaber, Litsea monopetala, Pontede@asatahad strong affinity with
Rupa lake Species likeOsbeckia stellata, Ficus benghalenkad strong affinities
with Begnas lakeKoenigia campanulata, Trapa natans, Salomonia caettsis,

were among other species correlated with DipangjdiMaunde, Khaste, and
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Kamalpokhari lakes (Figure 6). Nitrate nitrogen tscbng affinity with the native
plant species in Phewa lake whereas the total ploogp had affinity with the native

plant species from the Begnas lake.
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Figure 6: CCA biplot diagram showing the association of v&plant species with study wetlands and
environmental variables (nitrogen and phosphorudest in water). Species names were concatenated

using the first four letters of generic and speciasies (Appendix 10).

4.1.3.2 Naturalized plant community

Among nine wetlands, Phewa lake was distinctlyedéht from the rest of the other
wetlands in naturalized species composition (Figdje Among the naturalized

species, some notable IAPS suchPastederia crassipes, Ilpomoea carngaosp
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fistulosa, Lantana camarandAgeratinaadenophoravere more likely to be present
in Phewa than in other wetland&geratum conyzoidesn agricultural weed, was
common in Rupa and Maidi whilgenna toraa weed of grazing lands, was common
in Begnas area. Other IAPS such Ageratum houstonianunand Galinsoga
guadriradiata were associated with the plots having high nitroged phosphorus
content in water (Figure 7). Most of the naturalizgant species had strong affinity

with the total phosphorus and Phewa lake.
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Figure 7: CCA biplot diagram showing the association of raimed plant species with environmental
variables (nitrate nitrogen and total phosphorustextt in water). Species names were concatenated

using the first four letters of generic and speciasie (Appendix 10).
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4.1.4 Floristic diversity of LCPV

In the LCPV, there were 258 flowering plant speciedonging to 191 genera and 73

families (Appendix 8). There were 187 dicot spe@rd 71 monocot species among
them. There were two or more species in 37 of @ik denera, while the rest were

represented by a single species. The families thighmost species were Asteraceae
(27 species), Poaceae (26 species), Fabaceae ddi@gp Cyperaceae (19 species),
and Lamiaceae (12 species) (Table 10). Herbs, shara trees accounted for 182,

47, and 9 species, respectively. There were 8lasiand 177 perennials in total.

Table 10: Number of species under different plant familiesoreed from the Lake Cluster of Pokhara

Valley, Nepal

SN  Family Number of species

1. Asteraceae 27

2. Poaceae 26

3. Fabaceae 19

4. Cyperaceae 19

5. Lamiaceae 12

6. Polygonaceae 10

7. Rubiaceae, Acanthaceae 8

8. Moraceae 7

9. Malvaceae 6

10. Orchidaceae 5

11. Amaranthaceae, Commelinaceae, Rosaceae, Solanbcteaceae, 4
Vitaceae, Euphorbiaceae,

12. Hypericaceae, Phyllanthaceae, Primulaceae, Lindezai, 3
Convolvulaceae, Dioscoreaceae, Boraginaceae

13. Apocynaceae, Araceae, Caryophyllaceae, Balsamiaacea 2
Nymphyaceae, Oleaceae, Onagraceae, Oxalidaceataditemceae,
Pontederiaceae, Melastomataceae, Fagaceae, Lydbra@iraceae

14. Remaining 34 families 1

The IUCN red list category of the plant species wained. Out of the 258 species,
84 plant species were under the Least Concernaategd the rest of the others (174

species) were not assessed to any threat category.

The majority of the species were native (212 sgdorehile 46 species were alien
species. Out of the 46 species, most of them wefererican origin (Figure 8), 22

alien species were invasive (Table 11).
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Figure 8: Percentage of alien species recorded from PoklaieyyNepal and their place of origin

Table 11:Floristic diversity of IAPS in LCPV and associataddscape of Pokhara valley

SN Name of IAPS Family Local name Common Native Major
name range invaded
habitats
1 Ageratina adenophora Asteraceae  KalobanmarzCrofton Center Road and
(L.) King & Robinson weed America streamside
(Mexico)
2 Ageratum conyzoidds Asteraceae  Setogandhe Billy goat South Farmland
weed, Chick America
weed
3 Ageratum houstonianunAsteraceae  Nilogandhe Floss Mexico Almost all
Mill. Flower habitats
4 Amaranthus spinosus AmaranthacearLude Spiny Topical Roadside
pigweed America
5 Alternanthera AmaranthaceaAlternanther: Aligator South Wetland
philoxeroidegMart) weed America
Griseb.*
6 Bidens pilosd.. Asteraceae  Kalokuro Beggar’s Topical Road side
Stick America
7 Chromolaena odorata Asteraceae  Setobanmar:Siam weed; Topical Forest and
(Spreng) King & Chromolaena America, Grassland
Robinson Jamaica, Wes
Indies
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8 Galinsoga quadriradiate Asteraceae

Rulz & Pavon
9 Ipomoea carnedack

subspfistulosa(Mart. ex

Choisy) D.F. Austin*
10 Lantana camard..

11 Leersia hexandr&w.*

12 Mesosphaerum
suaveolengl.) Kuntze

13 Mikania micrantha(L.)
Wild

14 Mimosa pudicd..

15 Oxalis latifolia Kunth

16 Pistia stratoite’

17 Parthenium
hysterophorug..

18 Pontederia crassipes
(Mart) Solms.*

19 Senna occidentalid_.)
Link
20 Senna torgL.) Roxb.

21 Spermacoce alatAubl.

22 Xanthium strumariunt..

Jhuse
chitlange

Convolvulacea Besaram

Verbenaceae Kimekanda

Poaceae Karaute
ghans
Lamiaceae Bansilam
Asteraceae Lahare
Banmara
Fabaceae Lajjawoti

(Leguminosae)jhar

Oxalidaceae Chariamilo

Araceae Kumbhika

Asteraceae  Patijhar

PontederiacearJalkumbhi

Fabaceae Thulotapre
(Leguminosae)

Fabaceae Sanotapre
(Leguminosae)

Rubiaceae Alupatejhar
Asteraceae  Vedekuro

Shagy
soldier

Shrubby

South MexicoFarmlands

South Wetlands

Morning glory America

Lantana

Southern
cut grass

Pignut or
Chan

Miles a
minute

Sensitive
plant,

Sleeping gras

Sorrel

Water
lettuce

Bitter weed,
Carrot grass
False
ragweed,
Fever few
Water
hyacinth

Coffesenna
Coffee weed
Sickle
senna

Broad
leaved false
button weed

Rough cockle America

Bur

West Indies Non

irrigated,
dry lands
Tropical and Wetlands
temperate
Asia, Africa,
Southern
America,
Australasia,
and Northern
America
Tropical Roadside
regions of
Mexico
Subtropical Grassland,
zones of Forest
North,
Central, and
South
America
Topical Fallows
America and
roadsides
Tropical & Farmlands
Subtropical
America

Tropics and Wetlands
Subtropics

Mexico, WestRoad sides

Indies,

Central, and

South

America

South Aquatic

America habitat and
Wetlands

Topical Shrubland

America

South Shrubland

America

Tropical By

America farmlands
Roadsides

*These are wetland IAPS reported from the LCPV
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Therophytes and hemicryptophytes were the domilif@fbrms in the wetland flora
of the study area (Figure 9). The herb speciesistas of hemicryptophytes and
cryptophytes. The chamaephytes were mostly shretiesp whilst the phanerophytes
were trees and their accompanying epiphytes antbelis that grew in the wetlands’
surrounding areaslrapa natans, Pontederia crassispes, Pistia sttatip Hydrilla
verticillata, Leersia hexandragand Ludwigia adscendensere among the ten species

of Hydrophytes (a component of Cryptophytes).
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Figure 9: Percentage (y-axis) and number (within bar) ofweatind naturalized alien plant species

categorized under different life forms. Values desthe bars represent the number of species

A review of the previous studies revealed that 71%b species) of the flowering
plants documented in the LCPV have one or morevakkees (Table 12). The majority
of them (60%) were used as medications, followeddogge and fodder (23%) and
food (19%). This indicates that the vegetation GFlV have potential to provide vital

provisioning services to the people who live in #inea around it.
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Table 12:Uses of the plant species reported from the LCP3&d.bf the species have been compiled

from the previous studies (See Appendix 8 for dBtai

SN  Use category Number of species Percentage of species
1 Medicinal uses 154 59.68
2 Fodder and forage 59 22.86
3 Food value 50 19.37
4 Fiber yielders 9 3.48
5 Rituals plants 4 1.55
6 Fuelwood 3 1.16
7 Fish poisons 2 0.77
8 Timber yielders 2 0.77
9 Ornamental plants 2 0.77
10  Tannin yielders 2 0.77
Dye yielders 1 0.38
12 Use in construction 1 0.38
13  Green manure 1 0.38
14  Hedge plant 1 0.38
15 Soaping agent 1 0.38
16  Fermenting agent 1 0.38

4.2 Spatial distribution of IAPS

During the roadside survey, 20 IAPS were founchamRokhara valley, accounting for
79 % of the 28 IAPS (Shrestle al., 2021; Adhikariet al., 2022) found in Nepal
(Figure 10). They were divided into 18 genera addamilies. The Asteraceae family
accounted for over half of the species (9 speci@ernanthera philoxeroides,
Pontederia crassipes, Ipomoea carrg#bsp.fistulosa,and Leersia hexandravere
four of the 20 IAPS that were wetland species, wagrthe remaining 16 were
terrestrial IAPS.Pontederia crassipes, Lantana camara, Mikania mmtna, and
Chromolaena odorataare among 100 of the world’s worst invasive aligecies
(Lowe et al.,2000).

4.2.1 Frequency of the IAPS

Among the IAPS recorded in Pokhara vallBydens pilosahad the highest frequency
(>63%), followed byAgeratum houstonianur(61%) andLantana camara44%).
Other species likeGalinsoga quadriradiata, Ipomoea carnesubsp. fistulosa,
Spermacoce alat&anthium strumarium, Maesosphaerum suaveolens;nat¢hera

philoxeroides, Mikania micranthiaad <5% frequency (Figure 10).
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Figure 10: Frequency of different alien plant species in Pothalley, Nepal

4.2.2 Distribution of IAPS

Bidens pilosavas found to be the most widely dispersed invaplaat species in the
Pokhara valley, according to maps of 20 distinsagive plant specief\geratina
adenophorawas found in almost every major location, thoughwias sparsely
distributed. Ageratum conyzoidebas been found in agricultural fields as well as
urban settings. TheAgeratum houstonianunwas found all across the valley.
Amaranthus spinosugas not found in the Lekhnath area, but it wamébin the
Lakhanchowk and Bhimsenchowk built-up areas. Larmachad a lot oBidens
pilosa It was also common in Hemja, Bagar, Bhimsenchowkidhibazaar,
Taalchowk, Birauta, and Pame as well. Pame anthteenational Airport Area have
been reported as havi@hromolaena odorat@~igure 11). Wetland IAP8ontederia
crassipeswas found mostly in Phewa, Rupa, and Begnas lak@pendix 11).
Ipomoea carneaubsp.fistulosa a wetland IAP, was found largely along the water
canal in the Lekhnath are&alinsoga quadriradiatawas found in farmlands of
Lamachour area. A common poisonous pldrantana camara was found all
throughout the valley (Appendix 11l)eersia hexandrdanas been found in the lakes
and canals. It produces a thick carpet over the lalter in Maidi LakeMimosa
pudicawas common in the Lekhnath area. The valley'sthuglregion was colonized
by Parthenium hysterophoruft. was found in the Gagangaunda area of Lekhrath.
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the Pokhara valley's Lekhnath aréapermacoce alatavas common. It was also
frequently found in Budhibazaar and Arghaun argasithium strumariumvas found

in the market area, but it was less frequent inhbakh. Mesosphaerum suaveolens
and Mikania micranthawere found for the first time at Bacchedubuwa, rnie
Pokhara valley’'s waste dumping site. SimilarBlternanthera philoxeroidesvas
found for the first time at the Khahare area ofWwééake.

Chromolaena odorata Pontederia crassipes N

Legend
(] Metropolitan Boundary
— River/Stream

[ ] Lake and Swamp Area
—— Highway Lantana camara
Urban Road
®  Absent
® Present

L I Kilometers

Figure 11: Distribution of four IAPS of global concern in Pada valley. (See Appendix 11 for the

distribution of the remaining 16 species)

4.2.3 Species richness

The species diversity varied depending on the lased The highest species diversity
was found in shrubland, followed by fallow land amdodland (Figure 12). The

species richness of grassland, non-irrigated fardjland irrigated farmland were
similar. Residential and commercial sectors hadltleest species diversity. There
was considerable heterogeneity in the species eghof IAPS throughout space. In
the Phewa lakeshore to Pame area, low speciessashi-3 species/plot) was noted
(Figure 13). Plots with low species richness webseoved spreaded around the
commercial area in other regions. The plots with liighest species diversity were
limited to the commercial areas of Lakhanchowk &fmdmsentole, as well as the
surrounding territory.
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Figure 13: Spatial pattern of the species richness (speciebatplot) of IAPS in the study area
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4.3 Eutrophication in lakes

The highest value of nitrate nitrogen was foundvater samples of Dipang and the
lowest value was found in Phewa, Rupa, and Begdhas.total phosphorus content
was found highest in Niureni and the lowest valas ¥ound in Khaste. Thus, nutrient
analysis in LCPV revealed that the ND level ranged between 0.04-0.17 mg/L and
the TP level ranged between 0.27-1.25 mg/L (TaB)e Since the nitrate nitrogen (N-
NO3) level in LCPV was <0.3 mg/L in the present studlge lakes are still
oligotrophic (MassWWP 2021). Similarly, total phbspus (TP) ranged >0.1 mg/L,

suggesting that the wetlands are considered asthypleic (Istvanovics 2010).

Table 13:Mean value of nitrate nitrogen and total phosphavitis standard deviation

SN Wetland Sample s%e (20x5 Nitrate nitrogen* (mg/L)  Total phosphorus** (mg/L)
m

1 Phewa 23 0.04+0.002 0.38+0.15

2 Rupa 12 0.04+0.003 0.47+0.48

3 Begnas 21 0.04+0.002 0.39+0.15
4  Khaste 6 0.05+0.00 0.27+0.16

5 Dipang 7 0.1740.03 0.29+0.08

6 Maidi 9 0.07+0.06 0.30+0.20
7  Kamalpokhari 2 0.07+0.04 0.41+0.3
8 Gunde 6 0.07+0.07 0.36+0.43
9  Niureni 3 0.16+0.09 1.25+0.98

4.4 Introduction and dispersal pathway of IAPS

Pontederia crassipesvas introduced in Phewa Lake in the 1980s dechdeas
brought to Begnas Lake and Rupa Lake in the la®0d4.%Pistia stratioteswas
brought to Phewa during the early 1990s, in Beghasg the 1990s and 2000s, and
in Rupa during the 1990s (Table 14). Similatiomoea carneaubspfistulosawas
introduced in Phewa during the 1980s whereas aetiteof the 1980s in Begnas.
Likewise, it was brought to Rupa during the 1990s.
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Table 14: Approximate time of the introduction of IAPS in LEP

SN IAPS Lake Time in Decade Respondent (%)
1 Pontederia crassipes Phewa 1980s 80
1990s 20
Begnas 1970s 11
1980s 11
1990s 53
2000s 26
Rupa 1980s 6
1990s 67
2000s 26
2  Pistia stratiotes Phewa 1990s 42
2000s 11
2010s 16
Begnas 1970s 11
2080s 5
2090s 37
2000s 37
2010s 5
No response 11
Rupa 1990s 67
2000s 6
No response 28
3 Ipomoea carneaubspfistulosa Phewa 1980s 35
1990s 20
2000s 5
No response 35
Begnas 1980s 21
1990s 16
2000s 5
No response 58
Rupa 1970s 6
1980s 11
1990s 44
2000s 22
No response 17

According to local respondentBpntederia crassipewas introduced to LCPV as an

ornamental plant so that Lakes’ beauty could bearoéd or as contaminant mixed

with fingerlings (Figure 14)Pistia stratiotesalso followed the same course as that by

Pontederia crassipe®Both of them were brought to the LCPV from Taiadia, or

from abroad.P. crassipeswas also introduced to Begnas and Rupa from Phewa.

Ipomoea carneaubsp.fistulosawas introduced as a hedge or ornamental plant so

that the water bodies could not flow the mud offdmenlands by it. It was introduced

from Tarai and India.
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Figure 14: Causes of the introduction of IAPS in LCPV

Invasive plants in LCPV might have been introduaedan intentional introduction as
ornamental plant but escaped to lak&sntederiacrassipesandPistia stratioteswere
introduced in the form of a garden plant. They pedafrom there to the lakes.
However,Ipomoeacarneasubspfistulosawas introduced for erosion control. It was
introduced intentionally in the form of a commodihat was ‘released’ to the lakes.
However, people could not inform the pathways Far introduction oRAlternanthera
philoxeroidesbut local respondents had been familiar witkersia hexandrdor a
long period (>50 years) and were not aware of ithe and mode of its introduction,
suggesting thdteersia hexandraould have the longest history of introductiontie t
LCPV.

4.5 Impacts of IAPS on ecosystem services

45.1 Aquatic IAPS in LCPV

In the LCPV, five IAPS, namelyPontederia crassipgesipomoea carneasubsp.
fistulosa, Leersia hexandr#istia stratiotesand Alternanthera philoxeroidesvere
recorded (Table 15). Detail records of the IAPSssmine lakes were tabulated in
Table 11, where taxonomic details of these speeies provided as additional
information. Out of five listed IAPS.eersia hexandravas recorded from all nine

lakes, whileAlternanthera philoxeroidewas only recorded from Phewa lake.
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Table 15: List of wetland IAPS present in each lake

SN Name of the species PhewaBegnas Rupa Khaste Maidi Dipang Kamal pokhari Gunde Niureni

1 Pontederia crassipe: N N x x x x x x

2 Pistia stratiotes \ \/ \ x x x \ x x

3 Ipomoea carneasp \/ V x x \/ x N x
Fistulosa

4 Alternanthera \ x x x x x x x x
Philoxeroides

5 Leersia hexandra \ \ \ \ \ \ \ \ \

4.5.2 Ecosystem services provided by the lakes

The LCPV provided 18 ecosystem services, accordioglocal informants.
Provisioning, regulating, supporting, and cultwsatvices were used to classify these
ecosystem services (Table 16). Fisheries, wildledrhits, medicinal plants, drinking
water, the herb "Gund" for manufacturing a traditibmat, and fodder were among

the provisioning services in the research areayrdot to the interviews.

Table 16: Local people’s response to the ecosystem servic8s Cultural service, PS: Provisioning
service, RS: Regulating service, SS: Supportingvicey and response percentage for different

ecosystem services in lakes of Pokhara valley

Services  Ecosystem  PhewaBegnasRupa Khaste- Maidi Dipang Kamal Gunde Average Average

type Services Niureni pokhari of of
each service
ES type

CSs Natural beauty 98.8 100 88.7 788 100 20 5.6 92 73

CSs Tourism & 628 50 132 6.1 0 20 0 0 19

Religion

CS Boating 744 386 17 0 4.4 0 0 4 17.3 36.4

PS Fodder 186 273 302 758 913 0 0 92 41.9

PS Medicines 233 136 604 758 652 0 111 60 738

PS Fishes 756 614 245 818 87 20 111 8 36.4

PS “Gund” format 2.3 0 0 758 82.6 0 0 92 31.6

PS Wild fruits 0 6.8 434 303 69.6 0 5.6 64 27.5

PS Duck feed 302 46 0 0 0 0 0 0 4.3

PS Edible plants 1.2 0 3.8 0 4.4 0 0 4 1.7

PS  Water for drinking 4.7 6.8 0 0 0 0 0 0 1.4 22.9

RS For fish farming 535 455 396 758 100 0 0 92 50.8

RS For irrigation 503 386 34 758 100 0 0 92 50

RS  Forcattle grazing 174 136 359 182 87 0 0 92 33

RS Bathing cattle 14 182 226 273 826 0 0 76 130.

RS Flood control 465 38.6 132 69.7 13 0 0 12 24.137.6

SS  Habitats protection95.4 955 88.7 81.8 100 20 11.1 92 73.1
SS Bio-diversity 942 97.7 887 818 957 20 111 2 9 726 72.8
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4.5.3 Prioritizing ecosystem services

The current study identified 18 types of ecosyssenvices (Table 16). Habitats (73.1
%), natural beauty (73 %), and biodiversity (72.p Were the top three services
mentioned by the majority of stakeholders. Farmsupport, irrigation, fodder,
medicine, fishing, cow grazing, mat material, aattle bath were among the services
in the second group (>30 %). Tourism and boatingevamly ranked third (<30%);
nevertheless, in Phewa and Begnas, which are |affyese services were listed in
higher grades (>50%).

These lakes were also praised for their utilityfiglhing (more than 60%) and flood
control (more than 38%). Fishing provided the geetipart of the services in Khaste-
Niureni (81.82%). Supporting services were addiegs@riority (72.85%) since they

are offered the highest by our society. The medndebvering services that were
given priority in the second category were regafatservices (37.6%). The third
category included cultural services (36.43%). Feiowviing services were given a
22.93% weight because they are produced in hugatitjga but are not in high

demand.

Prioritization, on the other hand, varied by stakdér group, including hoteliers,
fishers, boaters, and farmers (Figure 15). Surgyig] natural beauty was the highest
value (>95%) of the lakes in all four categoriefteAnatural beauty, hoteliers ranked
fish, biodiversity conservation, and boating as #eeond, third, and fourth most
important ecosystem services (ES). The fisheriesigron the other hand, ranked
fishing as the second most important value, behiondiversity, habitat, and boating.
Farmers valued biodiversity as the lake's seconst maluable service, after wildlife

habitat, fisheries, and flood control.

49



i Boating
CS Natural beauty
~Tourism & religion
- Duck feed
Edible plants

Fishes

Fodder

el
wn

Medicines
Typha for mat
Water for drinking B Hoteliers

Wild fruits

M Fishermen

T

B Boaters

B Farmers

Bathing cattle

Ecosystem services

Flood control

~
7]

For cattle grazing

For fish farming

For irrigation

- Bio-diversity
SS

- Habitats protection

0 20 40 60 80 100

Priority Percentage

Figure 15: Prioritized ecosystem services in the peripheryakés in Pokhara by different stakeholders
Note: CS stands for cultural services, PS for Bioning services, RS for Regulating services, a&d S

for Supporting services.

4.5.4 Valuation of provisioning services

The overall monetary value of provisioning servicethe Pokhara valley lake cluster
was estimated to be INT.$ 9.05 million. The wortHiee key goods are included in
this valuation: Lotus (food and medicinal), fislodfier, "Gund" (locally known as
Gund as mat materidMachaerina rubiginosatem), and wild fruits. Lotus and fish
were the most valuable of these products, at INBT9$ and 3.55 million respectively
(Figure 16). According to respondents, lotus hasrgety of medicinal and culinary
purposes, including blooms, seeds, leaves, andnt@g. Lotus fruits were marketed
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in the local market as a traditional remedy to ttrggundice, with Dipang,
Kamalpokhari, Maidi, and Rupa lakes at the forefr@ccording to the informants,

lotus flowers were also sold to individuals, espigiduring festivals.

Because fish is a popular item in restaurants andld) the economic value of fish
harvesting was another major provisioning functprovided by the LCPV. During
the study, respondents indicated that a commumiopk as "Jalari” was completely

reliant on fisheries and that they had cooperaiivéthewa and Begnas.

Other marketable supply commodities accessible ftoenLCPV were fodder, leaf
and stem of GundMachaerina rubiginosajor the mat, and wild fruits. These items
were primarily consumed by families, although tlaeg also available for purchase at
the local market. Lake clusters yielded fodder WdNT.$ 1.34 million, the biomass
of M. rubiginosaworth INT.$ 0.22 million, and wild fruits worth Ieghan INT.$ 0.01
million in 2019 (Figure 16).
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Figure 16: Economic values of provisioning services from la@&Pokhara valley Nepal in 2019

Following the invasion of IAPS, items harvestedrtake clusters were substantially
reduced, according to respondents. In comparistimetdime before the invasion, fish
production, medicine, edible plants, and other gemere diminished. According to
the calculations, the economic value of provisignservices was INT.$ 0.28 million
HH-1 year-1 before the invasion in 1989 (Figure, bt it was INT.$ 0.10 million
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HH-1 year-1 after the rampant invasion by IAPS. Agdhe five items studied, the
drop was considerable for fish and lotus, but "guaad fruits also saw a decrease

compared to before the IAPS invasion.

According to the local people, the invasive spegilagch generated peat in the lake
and stimulated the growth of plants were used dddn The value of fodder in 2019
was higher than it was in 1989. Other ecosystertioins such as boats, whether for
enjoyment or transportation, have been notorioughgvented by the IAPS.
Furthermore, the lakes' natural beauty decreaseterwquality declined, and

biodiversity was harmed.
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Figure 17: Comparison ofeconomic values of provisioning services from lakésPokhara valley
Nepal in 1989 and 2019
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CHAPTER 5

5. DISCUSSION

5.1 Diversity of naturalized plants

In the present study, a checklist of 258 flowerpignt species present in the LCPV
was prepared based on vegetation sampling andysiiiegen compared with the list
of 436 plant species mentioned in the LCPV managémlan (MoFE, 2018b), the
present study reported 155 additional species, esiog that previous floristic
investigations of the LCPV are far from completendmber of wetland plant species
have been reported from different parts of Nepaleikample 401 plant species in the
Ghodaghodi lake area (Sahal.,2002), 115 species in wetlands of Rupandehi distric
(Sharmaet al., 2019), 108 plant species in Raja-Rani Tal of MgréBharmeet al.,
2020), 117 plant species in the Rampurghol are@hifwan (Dangolet al., 2014).
The most species-rich families in the LCPV's flacicomposition were Asteraceae
and Poaceae, which correspond to Nepal's oveoadll fimake-up (Presst al., 2000).
Poaceae was also shown to be a prominent famuginious parts of Nepal's wetlands
(e.g., Chitwan by Dangadt al.,2014). There was no government protection forany
the plant species found in the LCPV. However, stimeatened animal species use

the ecosystems that these plant species maintafEy2018b).

According to the diversity-invasibility hypothesi€ollins et al., 2007), native
diversity controls the establishment and subseqwpnéad of naturalized plant
diversity. It was found that the naturalized plapécies richness was higher in areas
with high native plant species richness in the LCPVUr study revealed that there is a
positive correlation between native and naturalizkeaht richness. In post-1 year-burn
sites, the herbaceous community posed a positiselatbon between the native and
naturalized plant species (Sax, 2002). Here the fitays the role of human
disturbance that is responsible for resource flatobn that invites the invasion
process. In larger sample size studies (130 there appear positive correlations
(Espinosa-Garciat al, 2004), and in smaller ones (1°)mthere seem negative
correlations between the native and naturalizedt@pecies (Stohlgreet al, 1999).
The direct biotic interactions (competitive exchursi between native and exotic
species caused the negative relation, whereasigosibrrelations likely reflect the
more prominent influence of habitat heterogeneityriohness at larger spatial scales
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(Chenet al, 2010). It is possibly the larger spatial scalelLCPV, there existed a
positive correlation due to habitat heterogenelly. reducing biotic resistance by
native plants — the positive correlation facilisatbe establishment and spread of both
exotic and native plants that tolerate disturbedrenments (Bartomeust al, 2011).

Findings of an empirical study suggested that @bathy of diverse communities

(including native and naturalized plants) does paivide resistance but actually
facilitates the germination of invaders (Yuah al., 2021). Native plants have no

strong relationship with functional traits, and tbevironment but the naturalized
plants do have and therefore, they do not compeatd wach other and are

independent (Milanoviet al.,2020). The uncertainty concerned with the biologica
invasion refers to the coexistence of separates liole support suggesting both a
negative and a positive link between native biodiig and the diversity of invasive

species (Fridlewt al.,2007).

However, many empirical studies have found a negatbrrelation between native
and exotic plant richness. Nevertheless, it dag¢snean that there is no influence of
the resources in invasion success. Non-native ptacurrence was negatively
correlated to native plant richness across all ystedes in communities and
ecosystems in the USA, although the strength ofidicesistance varied across
different ecological (Soil, moisture, and temperatuetc.), anthropogenic (flood,
forest fire, etc.), and climatic contexts (Beauwaly al, 2019). Species-rich native
communities resist invasion because vacant nicteefeas common and the intensity

of interspecific competition is more severe (Calkt al, 2007).

Moreover, the native richness cannot always atfeetsuccess of naturalized species
(Heckmanet al.,2017). Although preserving native plant diversigguces the risk of
alien occurrence, more research is needed to batiderstand the broad-scale
anthropogenic and environmental factors that coute to ecosystem vulnerability to

alien establishment and invasion (Beaeitryal.,2020).

Alien species invasion requires nutrient enrichmast a requirement (Lake &
Leishman, 2004). However, the case is differenbanren and phosphorus-limited
areas where alien species cannot benefit from aset resources (Leishman &
Thomson, 2005). Multiple linear regression betwspacies richness of naturalized
plants and nitrate nitrogen and total phosphorugater showed no relation in the
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present study (p>0.05). However, nitrogen contedudignificantly (p<0.001) to plant
invasions in Temperate Floodplain and Swamp FdreSlovakia (Hrivnaket al.,
2015). Additionally, the study in Slovakia revealdtat phosphorus did not have
significant impacts on plant invasions (p=0.213heTunctional identity of native
species within recipient communities, not the alality of resources, determines the
impact of invasion (Gooden & French, 2015). Interggy, some of the studies
revealed that across terrestrial and wetland etasgs N and P enrichment had
widespread and strong negative effects on plantiepaichness. N reduced plant
species richness by 16% but not by P enrichmenexperimental herbaceous
communities (Soonet al.,2016). The increase of many soil nutrients, natspimorus
alone is supporting the invasion of urban areaslmln plants (King & Buckney,
2002). During invasions, multiple drivers of alisnccess—increased natural enemy
pressure on natives, increased soil nutrient sy@pigt low native species richness—
may interact or act independently within a singystem (Heckmaret al., 2017).
However, there was an argument in support of thailahlity of nutrients and
invasion success that concludes increased rescawvedability as a result of
disturbance or eutrophication may favor alien speaver native ones (Blumenthal,
2006). The aquatic naturalized plant species rishine negatively correlated with the
native plants’ relative coverage and biomass €Yal, 2018).

Multivariate analysis revealed that phosphorus aiicbgen content in water were
associated with naturalized species in lake PhawlaRupa. However, most of the
naturalized species were not correlated with noisieN and P indicating that they

were independent of the nutrients (N and P).

In terms of the native plant community, Phewa amdjrias were closely related to
nutrients N and P respectively. Some of the spesieh asPontederia hastata,
Elephantopus scaber, Litsea monopetafead strong affinity with the lake
characteristics of Rupa lake and less affinity withtrient conditions. Multiple
interacting factors like N, P, and Si influence #imindance, and species composition
of phytoplankton in Lake Champlain (Levieeal.,1997). It states that certain native

plants are under the influence of N and P enricimen

The study of the native and naturalized plant divgrtheir uses, and their correlation
with environmental variables can be a suitable tookcience-based management of

the lakes, and habitat mapping of important planitsls, and animals of the LCPV.
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5.2 Spatial distribution of IAPS

Based on data collected along with the road netwbrk current study inventoried
IAPS and studied their distribution patterns in fhekhara valley. Roads play a
significant role in the dissemination of IAPS, whithen expands to neighboring
land-use typesBidens pilosahad the highest frequency among 20 invasive pliants
the study area, which could be attributable tchigh seed production capacity and
efficient seed distribution by human and animalteec(Budumajji & Soloman Raju,
2018). Rapidly disseminating plants with rapid gtlowexcellent adaptability, and
massive seed output are found all over the worlsh@ét al.,2019). Nearly one third
of the IAPS recorded in the research area, in qdati, Mikania micrantha,
Mesosphaerum suaveoleremnd Alternanthera philoxeroideshad a relatively low
(5%) frequency, implying that they were still iretbarly stages of invasion. The early
detection and rapid response (EDRR) technique eansed to effectively manage
these species (Reasral.,2020).

Mikania micrantha,one of the world's worst invasive weeds and diffito-manage
species, is the most notable among them (Letval., 2000). This species is already
common in the Tarai and Siwalik regions of eastnd central Nepal, and satellite
populations are spreading to the hilly region aftca Nepal (Shresthat al., 2018).
Two such satellite communities were found in th&Hoa valley during the current
investigation. Containment, if not elimination, ich populations dfl. micrantha,

M. suaveolensandA. philoxeroidewill prevent these species from spreading further
and conserve the Pokhara valley's ecosystems a&ndutinounding landscape from
their negative impacts. This is attainable if prmal and local government agencies
involved in biodiversity and agriculture respondiaily and begin management

activities.

Land use pattern is one of the decisive varialbeplant invasions because it changes
environmental conditions and the disturbance regjReachard & Alaback, 2004).
Anthropogenic disturbances such as grazing, feetilenrichment, and frequent soll
and vegetation disturbances promote the invasiamagding natural habitats. In such
settings, the spread of IAPS alters the local ptapulation. Invasive alien plants, for
example, outcompeted local species suchAdaemisia indicaand Urtica dioica

predominantly on the edges of fallow areas, agucal lands, and disturbed sites,

56



according to Baraét al. (2017). The highest species richness was fountrubtand
and agriculture fallow land, out of the nine largkuypes studied. Open spaces such
as shrublands with no tree canopy provide apprpravironments for IAPS to
establish (Brothers & Spingarn 1992). Agricultu@ldw lands that have been
abandoned for a long time frequently have highients and are thus vulnerable to
invasion (McGrattet al.,2001). The species richness of the IAPS was lowigated
farmland, wetland, commercial area, and resideatieh. Low species richness in the
commercial and residential sector of Pokhara vatlmyld be attributable to a lack of
space and severe disturbances that prohibited rihetly of plant species including
IAPS. However, in general, metropolitan regions dof in IAPS compared to

adjacent natural ecosystems (Chen, 2012).

Periodic surveys and mapping of invasive speciethisfkind may be important for
the immediate prevention of possible new invadexs$ the eradication of the newly

invaded satellite populations.
5.3 Introduction and dispersal pathway of IAPS

Pontederia crassipewas found problematic IAPS in Phewa, Rupa and Bedgkes.
Invasive aquatic plants introduced for the aquaramd ornamental pond industries
have a high chance of escaping to the lakes (A2@I5). There is no invasion 1B/
crassipesn the other six lakes of LCPV: Dipang, Khaste n@e, Niureni, Maidi, and
Kamalpokhari. It was introduced into Asia at thel ef the nineteenth century via
Japan and Indonesia (Telle al., 2008). In Phewa lake, it might have been
established as an ‘escapsefsuHulmeet al.,2008) from the garden of hotels and/or
private homes in the surrounding landscape. Anradtere mode of introduction, as
indicated by the local respondents, could alsosha @ontaminant’densuHulme et
al., 2008) of fish lings imported to Pokhara. Probalilynight have originated in the
southern part of Nepal (e.g. Chitwan, Bhairahawa),India. In Rupa, it was
introduced from Phewa lake by visitoB. crassipesan threaten biodiversity, cause
eutrophication, provide shelter to pests, block wlaerways, impact agriculture and

aguaculture, and recreational boating (Patel, 2012)

Pistia stratioteswas introduced from Chitwan, Bhairahawa, or Indiéish lings as a
contaminant in the form of propagules. It was idtroed from Phewa to Begnas or

Rupa almost five years after the introduction @& Water hyacinthP. stratioteswas
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reported to be prevalent long before the introaunctf P. crassipesn many areas of
the USA (Neuenschwander, 200B)stia'sintroduction to Nepal appears late due to a
lack of suitable dispersal pathways. In southernta®@m and worldwide, both
PontederiaandPistia were commonly grown in the water garden and aguoatrade
(Adebayoet al.,2011).

Ipomoeacarneasubsp fistulosawas introduced in Phewa, Begnas, Rupa, Dipang,
and Gunde during the 1980s. In Koshi Tappu wetlareh, it is most problematic
along with thePontederia crassipe@andeyet al.,2020). It is used as a check dam to
control the mud from following away by the slow-rumg water bodies.
Alternantheraphiloxeroideswas introduced in Pokhara (Khahare, Phewa) recentl
during 2018/19A. philoxeroideshad been reported from Pokhara valley during the
mapping of IAPS in central Nepal. It might have m@&#roduced as forage for pigs or

through contaminated goods of wetland productdndéa (Tiwariet al.,2005).

People argue thdteersia hexandravas in Pokhara for many generations. It was
found in all lakes of the LCPV. The data sourcesgarce about the cause of its
introduction to LCPV. Sometimes, the time and moftlentroduction remain obscure
due to a lack of written historical documents. Egample, it is still unknown how

and why theé?ontederia crassipesas introduced to Iran (Zarkami al.,2021).

Data shows that there are five aquatic invasivatpspecies that encroach on the
lakes of LCPV. Their invasion history is differedthe most problematic species is
Pontederiacrassipesvhich was found spreading in Phewa, Begnas, anmh Rakes.
Its introduction to other lakes depends on theatsgl of its propagules to them in
addition to the suitable nutrients and other cood#. Therefore, the management
committee of the lake should focus on the dispepsdhway of the IAPS for its

management.
5.4 Eutrophication in lake water

Since the nitrate nitrogen (N-NPlevel in LCPV ranges between 0.04-0.17 mg/L
(<0.3) in the present study, the lakes are stiijastophic (MassWWP 2021).
Similarly, total phosphorus (TP) ranged between9{.25 mg/L (>0.1 mg/L),
suggesting that the wetlands can be consideredringpkic (Istvanovics 2010). The
level of eutrophication in the Phewa, Begnas, amgeRlakes was determined by
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Nakanishiet al. (1988). Total phosphorus availability at the timdicated that these

lakes in Pokhara, Nepal were oligotrophic (Table 1)

Koshi Tappu Wildlife Reserve was significantly hypephic in terms of nitrate
nitrogen levels (Pandest al., 2020) among three heterotrophic lakes of Nepaé Th
reservoir at Jagadishpur was found to be eutrof@i@udhary & Devkota, 2018). It
is among the other two eutrophic lakes of the Rarada, Nepal Gosaikunda lake
was also reported as hypertrophic based on tota$gdtorus content (0.21 mg/L),
despite it being located at a high altitude (Retwdl.,2012). Nitrate nitrogen levels in
Gokyo and Associate lakes range from 0.29 to 1.8 jrindicating that this high-
altitude lake is oligotrophic to eutrophic (Ghimie¢ al., 2013). Gosaikunda and
Gokyo lakes are high-altitude lakes that receivestexmater discharges from the
surrounding human settlements (they are impactegilggims). They seem eutrophic

on the basis of total phosphorus.

Another mountain lake Rara had been reported gstodiphic (Nitrate nitrogen 0.01
mg/L, Gurunget al.,2018). Panchpokhari was hypertrophic (based oataihitrogen
concentration of 1.7-2.5 mg/L, Raat al., 2014). Tilitso lake in Manang is also a
high-altitude lake in Nepal. It has a total phospisocontent of 0.04 mg/L. It also
means that the lake was eutrophic (Aizekil., 1987). In the Pangong Tso lakes in
Ladakh, India, nitrate nitrogen levels range fro280to 0.31 mg/L. As a result, they
were called mesotrophic lakes (Bhat al., 2011). A limnological study says
Beeshazar lake (also a Ramsar site in central Ney@d hypertrophic according to

the total phosphorus content in water samplesaeltie(Niraula, 2012).

The total phosphorus level in Phewa, Begnas, amqhRakes increased substantially
(0.01-0.03 mg/L, Nakanislet al., 1988 and 0.27-1.25 mg/L, in my present study in
LCPV during 2019). The present study showed thatttend of the wetlands of
LCPV was towards eutrophication caused by nutrignirate nitrogen and total
phosphorus) enrichments to the water of the lakdwwgh further research are
needed in other Ramsar sites to know the trendsliRamsar lakes. The aquatic
naturalized plant species richness can be pogsito@irelated with the total nitrogen
(TN) and total phosphorus (TP) of the water (&dual, 2018). Further, increase in
eutrophication in LCPV, may lead to an increasenactrophytes including IAPS that
control light penetration, and cause biological gety demand to submerged and
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bottom dwellers of the lakes (Istvanovics, 201Q).id recommended that the
management authorities build ways to prevent mitreldition from the surrounding
farmlands. It will not only prevent the successpmncess of the lakes by successive
colonization of the macrophytes to land but alsotds the area from the

colonization of the invasive species that impactivegplants and animals.
5.5 Impacts of IAPS
5.5.1 Aquatic IAPS in LCPV and their Impacts

Because invasive alien species are considered thlel'svsecond-greatest threat to
biodiversity, their effects on biodiversity and sgstem services have got a lot of
attention (Simberlofet al.,2013). In their review, Turbeliat al.(2017) identified 52
aquatic IAPS with ecological and socioeconomic eguences from around the
world. Out of the six aquatic IAPS described by &Skinaet al. (2019), five I1APS
were found invading the LCPV. Sharratal. (2018) recorded six IAPS in Chitwan,
Nepal's Beeshazari Lake, the most prevalent of lwiieing Pontederia crassipes
(79%). This species had been identified as the rMieguent IAPS in 73 nations,
creating havoc on the wetland ecology (Turbeliral.,2017).Leersia hexandravas
found in all lakes in the LCPV, howevét, crassipess more abundant in larger lakes
such as Phewa, Begnas, and Rupa. The next most@mospecies ifpomoea carnea
subsp fistulosa.lt can create floating mats on the water's suréam make irrigation
difficult, as well as pose a threat to fisherie©@Gdhuriet al., 1994). In four of the
nine lakesPistia stratiotesand Pontederia crassipeBad been found in large three
lakes. Because it swiftly covers the water surfdtestratiotesis known to have
major detrimental effects on the utilization of ematodies (Akinbile & Yusoff,
2012). It can disrupt irrigation and drainage, alstboating and fishing, and provide
an ideal environment for the spread of waterbornseatses (Mbati &
Neuenschwander, 2005). Several locations in Nepale halready reported.
crassipesas a problematic IAPS (MoEF, 2018b).

Apart from being a healthy food supply, fish anshéries are frequently associated
with tourism because fish serves as both a foodceoand a game (Sousa al.,
2013). Phewa Lake is the most popular tourist dastn in the Pokhara valley for
both domestic and foreign visitors. Begnas has iineca popular tourist destination in
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recent years. The government encourages fish fgrmiboth Phewa and Begnas. As
a result, hoteliers and other groups may have glacéigh priority on fishing in

ecosystem services (>90%). Fish farming, on therokiand, is one of the leading
sources of the introduction of alien species irdgkek, particularly alien invasive
fishes (MoFE, 2018b). Recently, LCPV stakeholdergetrecognized the threat posed
by the introduction of alien fish species, whichs h@sulted in the unintentional

introduction of other invasive species, includiddgrhs.
5.5.2 Ecosystem services from LCPV

The present study identified 18 ecosystem serycegided by the LCPV. Among
them, ‘natural beauty, and tourism’ among the caltgervices, ‘fishery and fodder’
among the provisioning services ‘for irrigation’ ang regulating services, and
‘biodiversity and habitat protection’ among suppuat services were under the
priority list of the respondents of the study area.

Thapaet al. (2020) recorded 32 ecosystem services in the Begatsrshed while
Paudyalet al. (2018) documented 23 ecosystem services in the &heatershed.
They found fish, food, and medicinal plants to bevfsioning services, which is
similar to my findings. People have long recognitieel intrinsic usefulness of lakes
as a habitat for a diverse range of biota (Schiadleget al.,2013). Lakes are known
to reduce floods by directing water away from thleel and reducing flooding in low-
lying areas (Ramachanded al., 2012). Except for Dipang and Kamalpokhari, all of
the participants in this study recognized suchisesvthat LCPV provided.

Wetland resources are not only significant to intaaits since they provide habitats to
plants and animals, but they also contribute to ldoal economy (Lamsadt al.,
2015). Thapeet al. (2020) emphasized the importance of wetland regsute the
local economy in Begnas lake. With urbanizationthe Pokhara valley, there are
trade-offs made between nature and development tigypting to transfer the
benefits obtained from the ecosystem to economigevéRodriguezet al., 2006).
However, one of the major issues is the irreguésiof value transfer (Schmidt al.,
2016). Provisioning services and goods have a éwellof uncertainty since they may
be converted to market value at any given timerdfoee, only provisioning services
were examined for inclusion in the economic valuatiFurthermore, prior research

by Sharmaet al. (2015) indicated that the economic advantages eerifrom
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delivering services alone account for around 85%th&f Koshi Tappu Wildlife
Reserve in Eastern Nepal. According to my calooiestj the overall value of the
provisioning ecosystem services of the Pokharaeyalllake cluster is around INT.$
9.05 million. In Pokhara, "gund" (stems &fachaerina rubiginospis similarly
important in the local economy, and local mat mdaen "gund" is extremely
popular.

5.5.3 Impacts of IAPS on ecosystem services

A healthy wetland contributes to human well-being froviding a variety of
commodities and services (Karkit al., 2018). Unfortunately, the health of the
wetland is declining, and local residents are gyio save it. IAPS are threatening
aguatic habitats and biodiversity conservatioraedund the world (Vilaet al.,2011).
IAPS limits wild fruit availability (Kriveket al.,2020). IAPS alter the flow of water
channels, displacing native fodder plants, lowethng natural attractiveness of lakes,
and reducing their ecological value (Carlssginal., 2004). Invasive alien species
(IAS) are posing a growing threat to Bangladeshtsva flora, fauna, and ecosystems
(Mukul et al.,2020). Invasive species, such as mosquitoes aild sincrease disease
vectors (Kelleret al., 2018). Invasions have also been reported to cdasege to
electricity infrastructure and watercourses (Bebwl.,2017). The economic value of
supplying services before the invasion in 1989 aifter the establishment of IAPS in
LCPV differs by around INT.$ 0.19 million HH-1 yedar When compared to ‘before
the invasion of IAPS’ in 1989, the ecosystem s&rwialue of fish, lotus, and "gund”
from lakes has decreased dramatically by 2019.ifitineduction of alien fish species
into LCPV, as well as the invasion of IAPS, haalesl in a considerable reduction
in the native fish population (MoFE, 2018Db).

5.5.4 Economic costs due to IAPS

Economic losses as a result of IAPS' influence opplying services are rarely
reported. However, the region's ecosystem serViags been found to have suffered
total economic losses. According to at al. (2006), The total economic losses
caused by invasive alien species in China were U&#$5 billion during 2001 and
2003. Economic losses in Bangladesh's agricultodalstry owing to IAS are widely
documented, but it is stated that the losses ammapty attributable to IAPS

management and eradication, suchPasrassipegMukul et al.,2020). According to
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one account, in the early 2000s, the US spent $hdidon per year to combat
invasive aquatic plants (Lovell & Stone, 2005). iar@eeshazari Lake in Chitwan,
Nepal, an issue of high expense and minimal impaahechanical or hand removal
of IAPS (particularlyP. crassipeshas been noted (Sharretal., 2018). As a result,
biological control for scientific management of IBRo maintain ecosystem values of

LCPV appears to be a better alternative.

Therefore, the stakeholders of the LCPV are recond®& to conserve the
Simalkande Trapa natany Gund (Machaerina rubiginosp and Lotus Klelumbo

nucifergd from being disappeared affecting the provisionsegvices provided by
them to society. It is also recommended for furtteidy on regulatory, and cultural

services provided by the lakes in LCPV.
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CHAPTER 6

6. CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

This study gives an insight into floral diversitythe Lake Cluster of Pokhara Valley
(LCPV), their biogeography, as well as their usHse presence of several invasive
alien plant species in LCPV, some of them beingally worst, suggests that the

wetland habitats of LCPV have been degrading. Mememt responses to plant
invasions, together with other drives of degradsatiwill help to restore the habitats

and ensure the continuous supply of ecosystemcserMost of the species were

native, perennial, and Therophytes. The LCPV prewid habitat for several plant
species with medicinal values. The presence ofrabVAPS, some of them being

globally worst, suggests that the wetland habitdtd CPV have been degrading.

Naturalized plant species richness increased wifreasing native species richness in
the present study area, which contracts with thegiption of the Biotic resistance

hypothesis. Nitrogen and phosphorus content inamdtwater could not explain the

variation in the richness and abundance of natedlplant species. It implies that
management activities such as the prevention ofSIARroduction could be more

important than the eutrophication level of wetlamalter in determining the level of

plant invasions in wetlands.

The IAPS recorded in Pokhara valley varied sigaifity in their frequency of
occurrence. Some species (éAgeratum houstonianunand Lantana camarpwere
widespread while others (e/esosphaerum suaveolens, Alternanthera philoxesoide
Mikania micranthd were in their early stage of invasions. Managdnrtesponses
aimed to contain these early invaders includinggliobally worst weedM. micrantha
will prevent their spread and protect ecosystems ftheir harmful impacts. Our data
revealed that the Pokhara valley had been alreadded by a large number of IAPS
and their number and abundance might increaseeifiutiire. Periodic inventory and
mapping of this kind are essential for the earliedgon of IAPS and rapid response
for their management

Most of the IAPS invading wetlands of the studyaaveere introduced intentionally
(for ornamental value; growing as a hedge plantimplies that the introduction of
the IAPS can be prevented if the concerned stallem®including local communities
are made aware of the environmental and socio-esmnoonsequences of plant
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invasions in wetlands and other habitats. It alppears that some IAPS were
introduced accidentally as contaminants of agnicaland aquaculture products when
they were transported to Pokhara valley from défierparts of the country. Internal

guarantine and improved cleanliness of such pradcan prevent IAPS introduction

to new areas.

The lakes in Pokhara valley play an important rolthe livelihood of the inhabitants,
as they provide various ecosystem services. FiRSIAvere found to infest the lakes
and cause various problems including a negativaainpn ecosystem services. These
IAPS are altering the ecosystem services provigedQPV. The estimated economic
valuation shows a huge loss after the invasiorA&fS. However, the rampant spread
of IAPS has seriously threatened not only thismsic benefit but also a host of other
ecosystem services such as habitat to wildlife tagbflood control support, and
recreational values. Although the significancermpacts was context-dependent, our
study highlighted that IAPS have significant negatimpacts on wetland ecosystem
services.

Overall, the study highlights a growing threat APE in inland freshwater wetlands
including Ramsar sites located in the urban araek as the LCPV. The study of the
native and naturalized plant diversity, their usesd their correlation with
environmental variables can be a suitable toolhfbitat mapping of the important
plants, birds, animals of the LCPV, and helpful A®S management. This work will
help stimulate research on wetlands in tourist idasbns by highlighting the
relationship between impacts at different levelsobsystem services that could be
valuable in making decisions for sustainable lakanagement. Management
responses to plant invasions, together with othmes of degradation, will help to
restore the habitats and ensure the continuoudysappcosystem services. This will
provide both economic as well as conservation hisnef

6.2 Recommendations

The present study makes the following recommendstitor conservation and
management of LCPV:

1. Study of the native and naturalized plant diversityeir uses, and their
correlation with environmental variables can beiigable tool for science-based
management of the lakes, and habitat mapping obitapt plants, birds, and
animals of the LCPV.
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Periodic survey and mapping of invasive speciesiportant for the immediate
prevention of possible new invaders and the eréiditaf the newly invaded
satellite populations. Thus, it is recommendeddistribution mapping of this
kind in invasion-prone areas for early detectiod eapid response.

The trends of the Ramsar wetlands in Nepal are ritsvautrophication caused
by nutrient (Nitrogen and Phosphorus) enrichmetitswill progress the

succession process of the lakes by successiveizatmm of the macrophytes to
water bodies. There must be some management inteme to prevent nutrient

addition from the surrounding farmlands.

Data shows that there are five aquatic invasivatptpecies that encroach the
lakes of LCPV. Their invasion history is differefitie most problematic species
is Pontederiacrassipeswhich is found spreading in Phewa, Begnas, andaRup
Lakes. Its introduction to other lakes dependshendispersal of its propagules
to them in addition to the suitable nutrients attieo conditions. Therefore, the
management committee of the lake should focus erditpersal pathways of
the IAPS for its management.

Some species are disappearing such as Simalkadea( natany Gund
(Machaerina rubiginosg and Lotus lelumbo nuciferi It is recommended to

conserve them since they provide provisioning ses/to the local inhabitants.

As in different parts of Nepal, the wetlands of MCBre neglected although
they provide various ecosystem services to the bitdwats. For the value
addition of these wetlands, further studies on ¢tuétural and regulatory

services of the ecosystems are also recommended.

EDRR is the physical measure of the managemenABS| There may be
chemical measures but may not be environment fiyefitie biological control

measure using herbivores of the IAPS from theiiveatange is the most
effective one but it takes time. Though less effectwe have only the option to
use self-motivated people and the machine (thaPtidara Metropolis has) in

LCPV till we develop the biological control measure
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CHAPTER 7

7. SUMMARY

Wetlands including lakes support high biodiversityd provide important ecosystem
services. However, they are among the most negldw@bitats by humans worldwide.
Several IAPS have occupied wetlands of Nepal irediud Ramsar site. However, the
diversity and distribution of the IAPS and theimatts on ecosystem services had not
been studied in the wetlands of the Pokhara vallbg. present research was carried
out in the Lake Cluster of Pokhara Valley (LCP\He 13" Ramsar site of Nepal, and
the associated landscape of Pokhara valley in aleNpal. The objectives of the
study were to: analyze the diversity of naturalipéght species in the LCPV, identify
IAPS and their spatial distribution in Pokhara gglincluding LCPV, assess the level
of eutrophication in the water of the LCPV, ideyptifie pathways of introduction and
dispersal of the IAPS in the study area, and agbesisnpacts of IAPS on ecosystem

services in the study area.

Altogether 89 plots (20x5 fhwere sampled with five sub-plots of 4x3 to record
the frequency and coverage of the flowering plaitg the shoreline of all nine
wetlands present in the LCPV. The species weretifcezh following regional flora,
comparing them with the specimens kept in KATH andCH, and following
experts’ opinion to species level, classified bagedheir life forms (Raunkiaer life
forms, viz. Phanerophytes, Chaemophytes, Hemicpypties, Cryprtophytes, and
Therophytes), and categorized into native and ahred species. Invasive species
were identified from among the naturalized plarécsps recorded from the LCPV.
The relationship of naturalized plant species redshwith native species richness was
analyzed by a generalized linear model. Ordinatias carried out to determine the
relations of environmental variables on species pmsition. Furthermore, species
present outside the plots ca. 15 m from the shwelivere also recorded in all lake
sites to prepare a final checklist of the specfab@® LCPV. Secondly, an inventory of
the IAPS found along roadsides in the Pokhara Npelitan city was prepared.
Geographic coordinates, i.e., latitudes, and lomigis of the IAPS were recorded
during the study sites. Geographic coordinates wesesd to prepare a distribution
map of each IAPS using ArcGIS. Thirdly, water sassplvere collected from all of

the vegetation sample plots (n = 89) and the condémitrate nitrogen and total
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phosphorus were estimated by following (Trivedi &e&B 1984). Multiple regression
was used to analyze the impacts of nutrient costentspecies richness and cover of
native and naturalized species. To know the passiolurces and local dispersal
pathways of IAPS, local inhabitants (n=56, age y&j of lake territories of Phewa,
Begnas, and Rupa lakes were interviewed. The aqlsiS were only included for
the assessment of the dispersal pathways. Fintdlydetermine the number of
ecosystem services provided by the LCPV householegs (n = 273) were carried
out, and for their confirmation, key informantsterviews (n = 23) were carried out
in the vicinity of the LCPV. Also, 19 focus groujsdussions were organized. The
respondents included farmers, boaters, hotelieiseffmen, and senior citizens. The
interviews were focused on the economic benefitvigexl by the provisioning
services of the lakes and the impacts of IAPS esdtlservices.

The research study recorded a total of 258 flovgeplant species (73 families and
191 genera). The most species-rich family was Astae (27 spp), followed by
Poaceae (26 spp), Fabaceae (19 spp), and Cype(a®esgp). Among the life forms,

Therophytes (29%) were the most common, and otimedecreasing order were
Hemicryptophytes (27%), Cryptophytes (18%), Phapleytes (17 %), and

Chaemophytes (9%). Species richness of naturatigedies increased with increasing
native species richness thus possessing a posiiivelation between them whereas

the nutrients had no significant effect on spedmess of naturalized plants.

The study found a total of 22 IAPS distributed wkRara valley, accounting for 79%
of the total number of IAPS (28) reported from Nepaur of the recorded IAPS, viz.
Chromolaena odorata, Lantana camara, Mikania mit¢hey and Pontederia
crassipeswere among the 100 of the world’'s worst invasiypeces. The most
commonly distributed species wdidens pilosa(63%), followed byAgeratum
houstonianum(61%), andLantana camara (61%). Alternanthera philoxeroides
MesosphaerumuaveolensandMikania micranthahad satellite populations at a few
locations, therefore those species were at thialisitage of invasion in the valley and

could be eradicated.

In the LCPV, the total phosphorus level in wateswa29-1.25 mg/L and the nitrate
nitrogen level was 0.04-0.17 mg/L. Thus, these avet are classified as hyper-
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trophic according to the total phosphorus level atigotrophic according to the

nitrate nitrogen level.

According to the residents, most of the aquatic3A8und in the LCPV were brought
from the Tarai region located in the southern pamlepal or northern India between
the 1970s and 1990s. Among the IAHAS, crassipesand Pistia stratioteswere
brought for their ornamental values amgomoea carneasubsp.fistulosa was
introduced for fencing purposes. It appears thlérnanthera philoxeroidesvas
introduced accidentally to Phewa lake recently ¢olsd for the first time in 2019).
Local respondents had been familiar witkersia hexandrdor a long period (>50
years) and were not aware of the time and modésahiroduction, suggesting that

Leersia hexandraould have the longest history of introductionhe tCPV.

A total of 18 ecosystem services were documentech the LCPV. The most cited
services were water for irrigation, fish farmingdéler, materials for traditional mat
preparation Nachaerina rubiginosa, a herbaceous plant of Cyperaceae), habitat
protection, medicinal values, and natural beauttalTeconomic benefits generated
by the provisioning services of the LCPV, assedgethe year of data collection
(2019), were estimated to be International $ 9.@5om, which was an International

$ 0.10 million per household per year. Before thmpact of IAPS, the estimated
economic value was calculated to be Internation@l2® million per household per

year. The decline was significant for fish and $otu

The study concludes that the Pokhara valley hafugety been occupied by a large
number of invasive plant species. Some of thenudelglobally worst and recently
introduced species. This number is expected tcease in the future as a positive
correlation between the native and naturalizedt@pgecies diversities was found. As
observed in the ordination analysis, there wasditation of nutrients’ influence on

certain naturalized species bringing harm to thesgstems, and degrading their
services. The rampant spread of IAPS has seridbsbatened not only the intrinsic
benefit from the provisioning services but alsoutatpry and supporting services
such as habitat to wildlife, flood control, and biaof the frequently visited Lakes.

To contain the IAPS and control their further disition, early intervention through

science-based management is required. For it, ARS Ishould be prevented from

introduction from the open border by strict quaat An early detected species can
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be eradicated by physical, chemical, and biologamaitrol methods for which this
study provides basic information. Periodic invegtand mapping of the IAPS are
recommended for early detection and rapid respdasdheir management. The
present study has highlighted the existing diveraitd distribution of the IAPS in

LCPV, and opened avenues of study in ecosysteroradisin.
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APPENDICES

Appendix 1: List of respondents in dispersal pathways of IARECPV

SN Name& age Lake

1 Man Bdr Thapa, 56 yrs Begnas
2 Raghunath Tiwari, 77 yrs Begnas
3 Sujan Jalari, 35 yrs Begnas
4 Meghanath Tiwari, 61 yrs Begnas
5 Mrs Shiva Kandel, 60 yrs Begnas
6 Maya Devi Bhattarai, 50 yrs Begnas
7 Devi Kanel, 39 yrs Begnas
8 Mrs Buddha Jalari, 55 yrs Begnas
9 Prem Jalari, 57 yrs Begnas
10 Chiza Nepali, 46 yrs Begnas
11 Charimaya Jalari, 76 yrs Begnas
12 Gyanu Jalari, 49 yrs Begnas
13 Shanti Maya Jalari, 50 yrs Begnas
14 Bini Maya Jalari, 65 yrs Begnas
15 Bishwanath Khanal, 60 yrs Begnas
16 Rajendra Jalari, 52 yrs Begnas
17 Syanu Jalari, 55 yrs Begnas
18 Buddhi Nepali, 45 yrs Begnas
19 Mukti Subedi, 61 yrs Begnas
20 Padma Raj Subedi, 57 yrs Phewa
21 Moti Raj B aral, 50 yrs Phewa
22 Hom Bdr Kunwar, 65yrs Phewa
23 Akkal Bdr Sunar, 58 yrs Phewa
24 Prem Bhattarai, 62 yrs Phewa
25 Sundar BK, 55 yrs Phewa
26 Ram Paneru, 59 yrs Phewa
27 Ramji Paudel, 68 yrs Phewa
28 Mangal Bdr Nepali, 60 yrs Phewa
29 Kali Bdr Nepal, 62 yrs Phewa
30 Chuda Mani Pahari, 70 yrs Phewa
31 Gyan Bdr Jalari, 55 yrs Phewa
32 Hom Bdr Lamichhane, 65 yrs Phewa
33 Laxman Thapa, 65yrs Phewa
34 Mitra Mani Timsina, 55 yrs Phewa
35 Prakash Baral, 65 yrs Phewa
36 Punya Poudel, 65 yrs Phewa



37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Rana Bdr Thapa, 60 yrs
Krishna Adhikari, 62 yrs

Debendra bdr Lamchhane, 65 yrs

Tulasi Pageni, 70 yrs
Chandra Kanta Pageni, 75 yrs
Basundhari Adhikari, 70 yrs
Tulasiram Adhikari, 91 yrs
Santa Bdr Gurung, 60 yrs
Santos Babu Poudel, 37 yrs
Shivahari Ojha, 40 yrs
Sumitra Adhikari, 59 yrs
Ram Prasad Adhikari, 68 yrs
Som Maya Gurung, 46 Yrs
Ram KC, 60 yrs

Hommaya Gurung, 60 yrs
Jaya mangal Adhikari, 61 yrs
Tak Bdr Grg, 62 yrs

Bishnu Hari Adhikasri, 55 yrs
Man Bdr Ale, 70 yrs

Pabitra Jalari, 40 yrs

Phewa
Phewa
Phewa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa
Rupa




Appendix 2: Questionnaires_ FGD

Impacts of invasive alien plant species on ecoaystervices of the Lake Cluster of Pokhara Valley,

Nepal
. Supported by Hariyoban Program — WWF, Nepal
Date :
SN Location: Pokhara metropolis .............ccccc...... Ward no........ Lake............
Group discussion
Introduction to respondent
Name Occupation Age Sex
Education Mobile no
1. What are the services provided by the lakes
2. Categorise the services according to uses.
SN Ecosystem services Very very Very useful useful L ess useful
useful

1 Pisciculture

2 Duck keeping

3  Fodder to cattle

4  Edible wild fruit

5 Habitat

6  Biodiversity

7  Medicines

8 Grazing land

9  Carbon sequestration

10 Tourism

11 Irrigation

12 Gund for matraess

13 Drinking water

14  Food security

15 Bathing cattles

16 Help to farming

17 Flood control

18 Natural beauty

[y
©




3. What are the causes of the invasion of lakes?

4. When were the invasive species appeared in?akes

Plants

Pontederia crassipes

Pistia stratiotes

Leersia hexandra

I pomoea carnea subspfistulosa

Myriophyllum aquaticum

5. What are steps for management of invasive sgecie

6. Do you want to pay for the services providedhwrylakes?

a. Yes b. No

If you want to pay, by which way?

a. Labor b. cash

c. Services d. suggestions

7. When were the invasive species appeared?

8. Were invasive species spread all around?

Researcher . Hom Nath Pathak

Level of study : Ph.D.



Appendix 3: Names of the respondents of the questionnaire gtdiovd-GD

SN Name of FGD Names of Respondents

1 Phewa_Hotel
Krishna Paudel
Agraha Aryal
Ramesh Ghimire
Ganesh Khatiwada
Prajwal Bharati
Ramesh Aryal
Binod Banjara
Bhabiswor Ghimire
Brihaspati Lamichhane
Deep Bahadur Khadka
2 Phewa_Fishers
Gyan Bahadur Jalari
Indra Bahadur Jalari
Lok Nath Jalari
Mishrilal Jalari
Hema Jalari
Parvati Jalari
3 Phewa_Farmers
Jhapat Bahadur Lamichhane
Bibek Ghimire
Ram Prasad Kafle
Bal Krishna Adhikari
Ganga Prasad Aryal
Lesh Bahadur Gurung
Durga Prasad Gurung
Jaya Lal Khanal
Tek Nath Subedi
Ganga Bahadur Gurung
Ek Prasad Baral
Chitra Bahadur Gurung
4 Phewa_Boaters
Top Bahadur Bhujel
Tara BK
Sandeep Pariyar
Yam Bahadur
Buddhi Bahadur Pariyar
Sabin
purna Gurung
Maya Bhujel
Rudra Bhuijel
Saroj



Bikash
Dharma Raj Pariyar
Tek Bahadur Bhuijel
Ram chandra Pariyar
Ashish Paudel
Sundar pariyar
Resham Nepali
Chhalu Pariyar
Chandra BK
Khaste Farmers
Chudamani Lamichhane
Sakuntala BK
Naba Raj Baral
Surendra Kandel
Khem Raj Baral
Khaste_Fishers
Raju Jalari
Gyanu Jalari
Shakuntala BK
Chudamani Lamichhane
Muktinath Adhikari
Shakuntala BK
Khaste_ Hotelier
Sarita Baral
(Only one hotel)
Kamalpokhari_Farmers
Dil BK
Nau Bahadur
Jag Bahadur Rasaili
Lekh Bahadur BK
Lal Bahadur BK
Purna Bahadur BK
Goma BK
Ganesh Karki
Bharat Bahadur Karki
Amrit Prasad BK
Chudamani BK
Gunde_Farmers
Suryanath Bhandari
Bhairab Bishwokarma
Ganesh Baral
Ananda Dhungana
Khem Lal Adhikari
Prakash Baral
Parvati
Gita



10

11

12

13

14

15

Maidi_Farmers

Dipang_Farmers

Dipang_Fishers

Begnas_Hoteliers

Begnas_Farmers

Begnas_Fishers

Bharat Raj Neupane
Upendra Paudel

Prem Bahadur Khadka
Narayan Bahadur Chhetri
Samjhana Khadka

Sita Neupane

Sushila Bhandari

Khem Bahadur Sunar
Buddhi Bhurtel
Muktiram Bastola
Govinda Prasad Bastola
Krishna Bahadur Lama
Madhav Prasad Bastola
Sukaraj Bastola

Manoj Dhakal

Kumar Bhujel

Shiva Mohan Adhikari
Gyanu Jalari
Raju Nepali

Roshan Khanal
Nishan Thapa
Binaysak Budhathoki
Ram Thapa Magar
Yogesh Thapa
Manish KC

Dipesh Sapkota

Rudra Bahadur Tamang
Buddhi Bahadur Nepali
Kumar Dura

Sharmila Lama

Basanti Paudel

Sita Magar

Radha Sapkota

Nirmala Sapkota
Khadka Bahadur Thapa

Rita Jalari
Laxmi Jalari
Parbati Jalari
Som Maya Jalai



16

17

18

19

Begnas_Boaters

Rupa_Farmers

Rupa_Fishers

Rupa_Hoteliers

Shanti Jalari
Rina Jalari
Syanu Jalari Gyanu Jalari

Chandra Kanta Bastola
Surya Bahadur Thapa
Bishwo Nath Kandel
Ram Nepali

Resham Sapkota
Dhaneswor Kandel
Shreemaya

Goma KC

Gopilal Joshi

Lal Bahadur Shrestha
Sushila Shrestha
Ganga Kumari Shrestha
Dil Bahadur Shrestha
Saraswati Shrestha
Sukmaya Shrestha
Laxmi Ghimire

Kamala Shrestha

Surya Kumari Shrestha

Krishna Bahadur Thapa
Nava Raj Khadka

Purna Bahadur Gurung
Ram Chandra Lamichhane
Sila Gurung

Pabitra Jalari

Jagadish Tiwari
Dharma Datta Subedi
Buddhi Bahadur KC
Krishna Hari Subedi
Maya Tamang

Anju Maya Gurung
Ananda Sapkota
Puja Gurung




Appendix 4 : Demographic information of the respondents of thestjonnaire survey for Kll

SN Name Address Occupation Edu Age Gender
1 Gyan Bdr Jalari Pokh-18, Phewa Fisher Sec. level 51 M
2 Santosh Jalari Pokh-18, Phewa Fisher Pri. level 32 M
3 Som Maya Jalari Pokh-18, Phewa Fisher Informal 70
4 Bikal Tulachan Pokh-6, Phewa Hotelier Graduate 42
5 Chiranjivi Pokhrel Pokh-6, Phewa Hotelier Graduate 50 M
6 Dil Bdr BK Pok-13, Kpokhari  Contractor Sec.level 74 M
7 Jagdhis Tiwari Rupa-10 Hotelier Sec. level 35
8 Buddhi Bdr KC Rupa-11 Hotelier Literate 63
9 Upendra Paudel Pok-30, Maidi Jobholder Graduate 51 M
10 Hari Psd Adhikari Pok-26, Khas/Niu  Farmer Graduate 62 M
11 Chudamani Lamichhane  Pok-26, Khas/Niu Farmer ®eell 52 M
12 Bijaya Bhujel Pok-30, Dipang Farmer Graduate 36
13 Shiva Mohan Adhikari Pok-27, Dipang Fisher Graduate 49 M
14 Bharatraj Niupane Pok-30,Maidi Social worker  Gradua 50 M
15 Rishiram Bhandari Pokh-26, Gunde Businesman Seel le 52 M
16 Krishna Psd Timilsina Pokh-31, Begnas  Hotelier Sl 60 M
17 Rajendra Jalari Pokh-31, Begnas  Fisher Literate 50 M
18 Surya Bdr Thapa Pokh-31, Begnas  Boater Sec.level2 5 M
19 Chandra Kanta Bastola Pokh-31, Begnas  Farmer Sad. | 36 M

20 Toya Nath Adhikari Pokh-31, Begnas  Farmer Pri.lleve 70 M

21 Dil Bdr Kunwar Pokh-6, Phewa Boater Sec. level 74 M

22 TaraBK Pokh-6, Phewa Boater Literate 42

23 Rudra Bhujel Pokh-6, Phewa Boater Sec. level 26




Appendix 5: Questionnaire_KII
Questionnaires in our research make 32 pages ialNéfmave translated one one sample of them for
Kll, FGD and HH survey

Impact of invasive alien plant species on ecosystemices of the Lake Cluster of Pokhara valley,
Nepal
. Supported by Hariyoban Program — WWF, Nepal

Questionnaires

Pokhara Valley, Nepal

Date
SN Location: Pokhara metropolis ............cccceeuveeeee... Ward no.......... Lake......cc....
Key informant: Hotelier
Introduction to respondent
Name Occupation Age Sex
Education Mobile no
1. What are the services obtained from Lakes?
SN Ecosystem services Priorities SN Ecosystem services Priorities
1 Pisciculture 12 Tourism
2 Duck keeping 13 Irrigation
3 Flood control 14 Gund for matress
4 Wild fruit 15 Boating
5 Habitat conservation 16 Drinking water
7 Biodiversity conservation 17 Food security
8 Medicines 18 Bathing cattle
9 Grazing land 19 Help to farming
10 Natural beauty 20
11 Fodder to cattle 21

2. It seems there are dangers to lakes. Which ofdltening seems most danger?

Dangers Scoring

Invasive weeds

Siltation

Pollution

Construction encroachment
Agricultural encroachment




3. Do you know the invasive plants in the photos?

Plants I dentity Harm stratification

Eichhornia
Pistia
Leersia
Ipomoea

Myriophyllum

4. What is the cause behind fast spread of thesimgglants?

a. Pollution b. Fertilizers in farms c. Tourism

d. Transport e. Trade f. Others

5. What are the impacts of invasive plants?

I mpacts of invasive plants Scoring

Shelter to mosquito

Siltation

Impact on native plants

The obstacle to irrigation canals
Others

6. Are ecosystem services decrease after arriviavabive species?

7. Which are the ecosystem services impacted asiag species?

SN Ecosystem services Priorities SN Ecosystem services Priorities
1 Pisciculture 12 Tourism
2 Duck keeping 13  Irrigation
3 Flood control 14  Gund for matress
4 Wild fruit 15 Boating
5 Habitat conservation 16  Drinking water
7 Biodiversity conservation 17  Food secuirity
8 Medicines 18 Bathing cattle
9  Grazing land 19 Help to farming
10 Natural beauty 20
11  Fodder to cattles 21
Researcher : Hom Nath Pathak

Level of study : Ph.D.



Appendix 6: Questionnaire _HH Survey

Impacts of invasive alien plant species on ecosyservices of the Lake Cluster of Pokhara Valley,

Nepal

. Supported by Hariyoban Program — WWF, Nepal

Questionnaire

Date :
SN Location: Pokhara metropolis ............ccccceeuveeeee... Ward no.......... Lake......cc....
HH survey: Fishery group
Introduction to respondent
Name Occupation Age Sex
Education Mobile no
1. What are the services obtained from Lakes?
SN Ecosystem services Priorities SN Ecosystem services Priorities
1  Pisciculture 11  Tourism
2 Duck keeping 12  lIrrigation
3 Flood control 13  Gund for mattresss
4  Wild fruit 14  Boating
5  Habitat conservation 15 Drinking water
6  Biodiversity conservation 16 Food secuirity
7  Medicines 17  Bathing cattle
8  Grazing land 18 Help to farming
9  Natural beauty 19
10 Fodder to cattle 20
2. When did you involve in fishing?
3. What are the names of local fishes?
SN L ocal fishes SN L ocal fishes L ocal fishes

1 4
2 5
3 6

SN
7
8
9

4. Are there invasive fishes like Trout and Tilap&hen and how did they arrive?




For how many days do you kill fishes in a month?

Are native fishes decrease due to arrival of in@fishes?

Are invasive plant species like water hyacinth iotpd on fish farming? How?

8. Are invasive species spreading all around?

Economic valuation

1. For how many days, do you involve in fishing?

2. What is the cost for a kg of fish you collect?

Fish KG Fish KG Fish KG
3. What amount of fishes you harvest per day afiter before invasion of the lake?
SN Before Invasion After invasion
4. How much kg fish is harvested from fish cageuref?
5. Is there decrease in fish collection after imva®f lake by invasive weeds?
SN Before Invasion After invasion invasive weeds

6. After the purchase of the machine to remove Wagacinth, is there any change in harvesting cost

of fish and amount of fish?

Researcher . Hom Nath Pathak

Level of study : Ph.D.



Appendix 7 : Demographic information of the respondents of thestjonnaire for HH survey

SN Name Address Occupation Edu Age Gender
1 Krishna Bdr BK Pokh-18, Phewa Farmer Literate 32M
2 Srijana Nepali Pokh-18, Phewa Farmer Sec. level 20F
3 Durga Psd Poudel Pokh-17, Phewa Ex-teacher, faimermediate 77 M
4 Lesh Bdr Gurung Pokh-17, Phewa Ex-Army, farmeri. |Bvel 66 M
5 Ganga Psd Aryal Pokh-17, Phewa Farmer Informal 70M
6 Bibek Ghimire Pokh-17, Phewa Business Sec. Leved2 M
7 Sunita Khadka Pokh-18, Phewa Farmer Pri. Level 27F
8 Dinesh Nepali Pokh-18, Phewa Farmer Sec. level 24\
9 Ram Psd Kafle Pokh-17, Phewa Admin Graduate 29
10 Chitra Bdr Gurung Pokh-8, Phewa Farmer Literate 80 M
11 Ek Psd Baral Pokh-17, Phewa Farmer Pri. level 70M
12 Tek Nath Subedi Pokh-17, Phewa Farmer Pri. level 62 M
13 Ganga Bdr Gurung Pokh-17, Phewa Ex Army, farmkiterate 92 M
14 Jay Lal Khanal Pokh-17, Phewa Farmer Literate 76M
15 Balkrishna Adhikari Pokh-17, Phewa Farmer Seeell 40 M
16 Setu Thapa Pokh-18, Phewa Farmer Informal 71
17 Binita Nepali Pokh-18, Phewa Farmer Pri.level 7 2 F
18 Buddhi Bhujel Pokh-18, Phewa Farmer Sec.level 3 5 M
19 Sabita Gurung Pokh-18, Phewa Farmer Sec.level5 2 F
20 Bharat Thapa Pokh-18, Phewa Farmer Sec. level 48/
21 Laxman Thapa Pokh-18, Phewa Farmer Sec. level 4
22 Misire Jalari Pokh-18, Phewa Fisher Informal 68 F
23 Parvati Jalari Pokh-18, Phewa Fisher Literate 50F
24 Ram Chandra Jalari Pokh-18, Phewa Fisher Informa 60 M
25 Lok Maya Jalari Pokh-18, Phewa Fisher Infformal 8 4 F
26 Tek Bdr Jalari Pokh-18, Phewa Fisher Pri. level 33 M
27 Indra Bdr Jalari Pokh-18, Phewa Fisher Pri.lleve 33 M
28 Laxmi/jalari Pokh-18, Phewa Fisher Pri.level 0 3 F
29 Setu Mayas Jalari Pokh-18, Phewa Fisher Informal 40 F
30 Jyoti Jalari Pokh-18, Phewa Fisher Informal 30
31 Sita Jalari Pokh-18, Phewa Fisher Informal 50
32 Buddha Jalari Pokh-18, Phewa Fisher Informal 40F
33 Bipin Gurung Pokh-6, Phewa Boater Sec. level 35M
34 Deepak Nepali Pokh-6, Phewa Boater Sec. level 25v
35 Ajaya Gurung Pokh-6, Phewa  Boater Pri. level 26 M
36 Laxman Acharya Pokh-6, Phewa Boater Sec.level8 2 M



37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Avinas Pariyar
Bharat Thapa
Prakash Vaidya
Mina Pahari
Ramu Priyar
Barti Psd Gurung
Ram Pariyar
Hari Bhakta Parajuli
Setu Autari
Suresh Tamang
Saroj Jalari
Aashis Pariyar
Sanjaya Subba
Rahul Gurung
Aashis Poudel

Prabin Gurung

Kunbha Singh Gurung

Dipesh Pariyar
Maya Bhujel
Sundar BK
Arjun Sunar
Binaya Shrestha
Purrna Gurung
Mahabir Kunwar
Bikash Pariyar
Ujjwal Gurung
Baburam Puri
Yam Bdr Pariyar
Dil Bdr Kunwar
Dhan Bdr

Bikal Thakali
Abhaya Basnet

Punam Gurung

Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa
Pokh-6, Phewa

Dal Bahadur Thapa Magd&okh-6, Phewa

Prabhu Gurung
Sushil Bhujel
Ram Lal Pandey
Ramesh Thapa

Pokh-6, Phewa

Pokh-6, Phewa

Pokh-6, Phewa
Pokh-6, Phewa

Boater
Boater
Boater

Boater

Boater
Boater
Boater
Boater

Boater

Boater

Boater

Boater
Boater

Boater
Boater
Boater

Boater

Boater

Boater

Boater

Boater
Boater
Boater

Boater
Boater

Boater

Boater

Boater
Boater
Boater
Hotelier

Hotelier
Hotelier
Hotelier
Hotelier
Hotelier

Hotelier

Hotelier

Sec.level 0 2 M
Sec. level 3M
Sec.level0 4M
Graduate 45
Pri. level 52
Sec. leveb5 F
Pri. level 43
Saell 36 M
Pri. level 50
Literate 37
Sec.level 23
Sec.level6 2 M
Sec. level 1M
lliterate 24
Pri. level 24V
Sec. level 254
Relle 56 M
Sec.level4 2 M
Informal 61
Informal 51
Pri. level 28
Sec. leve?2 M
Sec.Level 2M
Pri.level 0 2 M
Sec.level 5 2 M
Sec. level 24M
Pri level 42
Literate 44M
Sec.level 4 6 M
llleterate 36
Sec. level 40 M
Pri. level 24 M
Sec.level 4 2 F
Sec. level 40
Graduate 25/
Graduate 35M
Sec. leveld3 M
Sec. level9 3M



75 Sushma Gurung
76 Khim LaLAryal
77 Naresh Pun

78 Shiva Lal Tiwari
79 Ramiji Bhandari
80 Mandira KC

81 Lila Budha

82 Yam Bdr Thapa
83 Bharat Parajuli
84 Sushila Magar
85 Govinda Jalari
86 Pema Lama

87 Muna Lama

88 Anjali Nepali

89 Kumar Dura

90 Radha Sapkota
91 Bed Nath Ojha
92 Sharmila Lama
93 Pema Lama

94 Basanti Ojha

95 Ganesh Bdr Gurung
96 Dammar Bdr Magar
97 Sita Sunar

98 Suv Bdr Lama
99 Khadka Bdr Thapa
100 Gyanu Jalari

101 Parvati Jalari
102 Reena Jalari

103 Syanu Jalari

104 Chandra Nepali
105 Sreemaya Nepali
106 Bhim Kandel

107 Ram Bdr Jalari
108 Rameshor Baral
109 Megh Nath Tiwari
110 Sahi Bdr Gurung
111 Resham Sapkota

112 Shiv Prasad Pandey

Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier
Pokh-6, Phewa  Hotelier

Pokh-31, Begndsarmer
Pokh-31, Begn&armer
Pokh-31, Begnasarmer
Pokh-31, Begna&armer
Pokh-31, Begnasarmer
Pokh-31, Begngarmer
Pokh-31, Begndsarmer
Pokh-31, Begndsarmer
Pokh-31, Begn&armer
Pokh-31, Begndsarmer
Pokh-31, Begngarmer
Pokh-31, Begn&armer
Pokh-31, Begndsarmer
Pokh-31, Begndsarmer
Pokh-31, Begn&srmer
Pokh-31, Begnasisher
Pokh-31, Begnasisher
Pokh-31, Begndssher
Pokh-31, Begndsisher
Pokh-31, Begndssher
Pokh-31, Begn&woater
Pokh-31, Begna8oater
Pokh-31, BegnaBoater
Pokh-31, Begn&onater
Pokh-31, BegnaBoater

Pokh-28, Bgnas Boater

Pokh-31, BegnBsater
Pokh-31, BegrBsater

Sec. leveR6 F
Graduate 40/HH
Sec. level 2
Secelev 28 M
Graduate 2 4 M
Sec. level 21F
Sec. level 19F
Sec. level27 M
Post grad45 M
Pri. level 45 F

Sec. Level 45 M
Informal 65 F
Pri. level 25 F
Literate 35 F
Pri. level 58 M
Sec. level 31 F
Sec. level 55 M
Pri. level 28 F
Sec. level 20 F
Sec. level 45 F
Sec. level 36 M
Informal 62 M
Literate 35 F
Informal 74 M
Literate 60 M
Informal 45 M
Sec. level 35 F
Sec. level 23 F
Literate 45 M
Informal 41 M
Literate 26 F
Sec. level 35 M
Sec. level 45 M
Literate 56 M
Literate 60 M

Pri. level 65M
Pri. level 35
Pri. level 52 M

<



113 Purna kala Himali
114 Brihaspati sapkota
115 Santoshi Kandel
116 Lal Bahadur jalari
117 Ganga BK

118 Shanti Karki

119 Jamuna Karki

120 Durga Psd Adhikari
121 Srijana Jalari

122 Bishnu Tulachan
123 Ramesh Pandey
124 Meeta Jalari

125 Sabitri Gautam
126 Krishna Kumar KC
127 Jhalak Bdr Thapa

128 Bhiairab Bishwokarma

129 Khem Lal Adhikari
130 Gyan Bdr Gurung
131 Bam Bdr Gharti
132 Prakash Baral
133 Kumar Sunar

134 MiN Bdr Damai

135 Jhakku Maya Gurung

136 Maya Baral
137 Bam Dev Dhungana
138 Hari BK

139 Buddhi Bdr Budhathoki

140 Hari Maya Gharti
141 Ganga BK

142 Surya Kumari Ranabhat

143 Sudip Lamichhane
144 Indra Maya BK
145 Sita Sunar

146 Juna Rasalili

147 Sharmila Magar
148 Rajesh BK

149 Anand Dhungana
150 Ganesh Baral

Pokh-31, BegnaBoater
Pokh-31, Begn&oater
Pokh-31, Begndoater
Pokh-31, BegnaBoater
Pokh-31, BegnaBoater
Pokh-31, Begnasiotelier
Pokh-31, Begnadotelier
Pokh-31, Begnadotelier
Pokh-31, Begnadotelier
Pokh-31, Begnddotelier
Pokh-31, BegnHistelier
Pokh-31, Begnadotelier
Pokh-31, Begnadotelier
Pokh-31, Begnallotelier
Pokh-31, Begnatotelier

Pokh-26, Gunde

Pokh-26, Gunde Farmer, teacher

Pokh-26, Gunde

Pokh-26, Gunde Engineer

Pokh-26, Gunde
Pokh-26, Gunde

Pokh-26, Gunde Farmer, Tailor
Pokh-26, Gunde Farmer

Pokh-26, Gunde

Pokh-26, Gunde Farmer

Farmer

Farmer

Farmer

Farmer

Farmer

Pokh-26, Gunde Farmer

Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde

Pokh-26, Gunde Farmer

Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde
Pokh-26, Gunde

Farmer
Farmer

Farmer

Farmer
Farmer
Farmer
Farmer
Farmer
Farmer
Farmer

Farmer

Sec. level 40 F
Sec. level 51 M
Graduate 19 F
Informal 62 M
Informal 30 F
Literate 35 F
Sec. level 33 F
Graduate 45 M
Sec. level 30 F
Literate 45 F
Sec. level 26 M
Sec. level 30 F
Literate 40 F
Sec. level 40 M
Literate 55 M
Literate 67 Mil
adbate 72 M
Literate 72
Graduate 6™
Sec. level 42
Sec. level 40
Literat 51
Pri. level 38 F
Sec. level 43
Graduate 6
Graduate 24
Infdrma 50 M
Sec.level 5 6 F
Literate 35
Sesl. le 40 F
Graduate 29/
Literate 43
Sec. level 29
Informal 50
Pri. level 30F
Graduate 21
Post grad 25
Sec. level 44

M
M



151 Tejuram BK

152 Kamal Bdr BK

153 Saraswoti Thapa
154 Vikash KC

155 Yam Maya Gurung
156 Aita Bdr Lama

157 Gyanu Nepali

158 Nageda BK

159 Jay Bdr Rasaili
160 Lal Bdr BK

161 Suraj BK

162 Kaman Sing Nepali
163 Chandra Bdr Lama
164 Sital Nepali

165 Surya Bdr BK

166 Bhim Ranabhat
167 Chudamani BK
168 Lekh Bdr

169 Namaraj Khadka
170 Pabitra Jalari

171 Sheela Gurung
172 Jeevan Gurung
173 Surya Bdr Gurung
174 Manoj Nepali

175 Radhika Adhikari
176 Sita Sunar

177 Bhim Bdr Gurung
178 Ganga Maya Gurung
179 Susma Sunar

180 Rajendra Sunar
181 Sovita Neupane

182 Bishnu Maya Shrestha

183 Laxmi Subedi
184 Sunita Khadka
185 Tara Thapa

186 Jamuna KC

187 Anita Thapa

188 Santa Bdr Gurung

Pok-13,KpokhariFarmer
Pok-13,KpokhariFarmer

Pok-13, pokhari
Pok-13,KpokhariFarmer
Pok-13,Kpokhafrarmer
PO-13, KpokharFarmer
Pok-13,Kpokhararmer
Pok-13,KpokharPainter

Pok-13,KpokhaiThekedar
Pok-13,Kpokhari Thekedar

Pok-13,KpokhariFarmer
Pok-13,Kpokhakarmer
Pok-13,KpokhaFarmer

Pok-13,KpokhariFarmer

Pok-13 KpokharFarmer
Pok-13,Kpokhafarmer

Pok-13,Kpokhararmer

Pok-13,KpokhariDakarmi

Farmer

Rupa-6 Fisher
Rupa-6 Fisher
Rupa-6 Fisher
Rupa-6 Fisher
Rupa-6 Fisher
Rupa-6 Banpale
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-6 Farmer
Rupa-7 Hotelier

Pri. level
Literate
Informal
Sec. level
Literate
Sec. level
Literate
Literate
Informal
Sec. level
Sec. level
Sec. level
Pri. level
Sec. level
Informal
Sec. level
Literate
Pri. level
Post Grad
Informal
Graduate
llliterate
Pri. level
Informal
Informal
Literate
Informal
Informal
Pri. level
Pri. level
Sec. level
Sec. level
Pri. level
Sec. level
Pri. level
Literate
Sec. level

Literate

38 M
55 M
55F
50 M
45 F
38 M
55 M
46 M
66 F
45 M
34 M
40 M
45 M
36 M
50 M
44 M
50 M
50 M
28 M
40 M
23 F
42 M
40 M
57 M
70 F
40 F
80 M
58 F
30 F
40 M
39 F
45 F
30 F
24 F
36 F
45 F
35 F
60 M



189 Durga datta subedi
190 Ananda Sapkota
191 Krishna Hari subedi

192 Saili ama (Maya Tamang) Rupa-13

193 Ganga Maya Gurung
194 Raju Nepali

195 Gyan Bdr Jalari

196 Sakuntala BK

197 Sarita Baral

198 Indra Raj Ranabhat
199 Kalpana Paudel

200 Tara Nath Paudel
201 Krishna Acharya
202 Sabitri paudel

203 Hem raj baral

204 Dil Maya Bhattrai
205 Kalika Timilsina

206 Deepa Lamichhane
207 Sujan Kumari Bhandari
208 Puja Bhandari

209 Narayani Asdhikari
210 Bishnu Maya Adhikari
211 Sita Adhikari

212 Basanti BK

213 Saraswoti Paudel
214 Bharat Raj timilsina

Rupa-8 Hotelier
Rupa-9 Hotelier
Rupa-12 Hotelier
Hotelier
Rupa-14 Hotelier

Pok-26,Khas/Nitrisher
Pok-26,Khas/Nikisher
Pok-26,Khas/Nitrisher
Pok-26,Khas/Nitdotelier
Pok-26,Khas/NRrarmer
Pok-26,Khas/Nigarmer
Pok-26,Khas/Nkarmer
Pok-26,Khas/Niggarmer
Pok-26,Khas/Ni&armer
Pok-26,Khas/Nitrarmer
Pok-26,Khas/Nidrarmer
Pok-26,Khas/NiuFarmer
Pok-26,Khas/Niarmer
Pok-26,Khas/Niearmer
Pok-26,Khas/Nikarmer
Pok-26,Khas/Ni&armer
Pok-26,Khas/Nitrarmer
Pok-26,Khas/NiuFarmer
Pok-26,Khas/NidFarmer
Pok-26,Khas/Nkarmer
Pok-26,Khas/Nitrarmer

215 Rewatiraman Lamichhand®ok-26,Khas/NiuFarmer

216 Surya raj bastakoti
217 Sree Prasad Adhikari
218 Basudev Paudyal
219 Kalika Acharya

220 Nabarajv Dhungana
221 Laxmi bhakta Baral

Pok-26,Khas/Nfarmer

Pok-26,Khas/Nitarmer, offiucr

Pok-26,Khas/Nkarmer

Pok-26,Khas/Nidrarmer, teacher

Pok-26,Khas/Nkarmer
Pok-26,Khas/NiBarmer

222 Bhanubhakta Lamichhane Pok-26,Khas/Ntarmer

223 Nabaraj Baral
224 Surendra Kandel
225 Khem Raj Baral
226 Muktinath Adhikari

Pok-26,Khas/Nilreacher

Pok-26,Khas/Nigarmer
Pok-26,Khas/Nitrarmer
Pok-26,Khas/NiuFarmer

Literate
Post Grad
Literate
Literate
Informal
Pri. level
Literate
Pri. level
Sec. level
Sec. level
Pri. level
Sec. level
Literate
Informal
Graduate
Informal
Graduate
Sec. level
Post Grad
Sec. level
Pri. level
Literate
Sec. level
Literate
Sec. level
Sec. level
Sec. level
Sec. level
Graduate
Sec. level
Post Grad
Graduate
Literate
Sec. level
Graduate
Sec, level
Graduate

Sec. level

77
38
35

M
M
M

54 F

45
45
46
36
43

58
39
45
35
39
50
55
45
30
26
38
46
32
26
40
40
50
65
40
50
46
32
65
84
52
41
38
55
46
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227 Basundhari Lamichhane

228 Laxmi Silwal

229 Sarita Nepali

230 Sarada subedi

231 Susma paudel

232 Bhim Kumari Bhandari
233 Dilliraman Tiwari
234 Dilliraman Tiwari Il
235 Nabin Tiwari

236 Kamal BK

237 Sarita Tiwari Baral
238 Sushila Bhandari
239 Prem Bahadur Khadka
240 Sara Pariyar

241 Laxmi BK

242 Tila Devi Adhikari
243 Krishna Kumari Nepali
244 Sita Niupane

245 Samjhana Khadka
246 Govinda Silwal

247 Narayan Thapa

248 Khil nath Bhandari
249 Kamala Dhakal

250 Saraswoti GC

251 Maiya GC

252 Bimala Shrestha

253 Bishnu Bhuijel

254 Rajendra Raj Bastola
255 Ramjee Adhikari

256 Asmita Tajhya

257 Buddhi Maya Lama
258 Hira Maya Chhetri
259 Shanta Kandel

260 Tara Nath Giri

261 Bishnu Maya giri

262 Pabitra Giri

263 Gyanu Jalari

264 Raju Nepali

Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer

Pok-30, Maidi Farmer

Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer

Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer

Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Maidi Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer

Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-30, Dipang Farmer
Pok-27, Dipang Fisher
Pok-27, Dipang Fisher

Literate 54 F
Pri. level 28
Pri. level 30
Literate 55
Sec. level 27
Informal 76 F
Sec.level 64 M
Sec. ldve 48 M
Sec. level 34
Literate 49
Graduate 5 2 F
Sec. level 36F
Pri. level 58 M
Literate 46
Pri. level 32
Informal 60 F
Pri.¢éév 38 F
Sec.evel 50
Sec. level 25F
Literate 68
Literate 66
Pri. level 67 M
Informal 65
Sec. level 28
Informal 60
Pri. level 35F
Literate 45
Seel lev 64 M
Informal 79
Sec. level 19
Informal 63 F
Informal 62 F
Literate 57
Pri. level 52 M
Informal 60 F
Sec. level 36
Informal 46
Literate 46

M
M

M
M

M
=




Appendix 8. Checklist of plant species reported from the Lakgster of Pokhara Valley

SN Family Botanical name IUCN N/E D/M NRR RC H/S A/P Use Ref. Caoall.
categ value No
1 Cannaceae Cannaindica L M 1 He He P R96
2 Euphorbiaceae Euphorbia pulcherrima LC E D 1 Ch Sh P MeOr 1 R104
Willd. ex Klotzsch**
3 Lauraceae Cinnamomum verum J.S. E D 1 Ph Tr P R125
Presl**
Malvaceae Hibiscus rosa-sinensis L** E D 1 Ph Sh P MeFo 1 K69
Myrtaceae Melaleuca citrina (Curtis) E D 1 Ph Tr P Fo 1 K67
Dum. Cours*
These species were not included in analysis
1 Acanthaceae Achyranthes aspera L** N D 1 Th He P Me 1,12 G76
2 Acanthaceae Justicia adhatoda L** LC N D 1 Ch He P Me 1 P109
3 Acanthaceae Justicia gendarussa Burm. f. N D 4 He Sh P Me 1 F 131
4 Acanthaceae Lepidagathis incurva Buch.- N D 1 He He P Fd 1,2 M104
Ham. ex D. Don
5 Acanthaceae Rostellularia procumbens N D 1 He He P Me 1 B23
(L) Nees**
6 Acanthaceae Strobilanthes atropurpurea N D 1 He He P Me 1,2 92
Nees*
Acanthaceae Thunbergia fragrans Roxb. N D 1 He He P 4
Acanthaceae Justicia simplex D. Don N D 1 He He P Me 1,2 140
Acoraceae Acorus calamus L. LC N M Cr He P Me 1,2,3, R152
7,9, 11
14
10 Amaranthaceae Alternanthera sessilis (L.) LC N D 1 He He P Fd,Me, 1,2, 4, 70L8
R.Br. ex DC** Fr 7,912
14, 15
11 Amaranthaceae = Amaranthus spinosus L** E D 1 He He A Fd,Me, 1,4 R124
Fr
12 Amaranthaceae  Dysphania ambrosioides (L.) E D 1 He He P Fd,Me 1,2 N267
Mosyakin & Clemants
13 Amaranthaceae  Alternanthera philoxeroides E D 1 He He P 152
(Mart.) Griseb**
14 Amaryllidaceae  Crinumamoenum Ker Gawl. N M 1 Cr He P Me 1,2 153
ex Roxb.
15 Apiaceae Centellaasiatica (L.) Urb**  LC N D 1 He He P Me,Fd1,4,5 154
6,7,9,
12,14
16 Apocynaceae Cryptolepis buchananii N D 1 Ph Sh P Me,Fo, 1,2 G117
Schult. ex Roem. & Schult. Fi
17 Apocynaceae Ichnocarpus frutescens (L.) N D 1 Ph Sh P Fd,Me, 1,2 M151
W.T.Aiton Fi
18 Araceae Colocasia fallax Schott** LC N M Cr He P R229
19 Araceae Pistia stratiotes L.** LC E M 5 Cr He P P114
20 Asteraceae Acméella paniculata (Wall. ex LC N D Th He A 115
DC.) * R.K. Jansen
21 Asteraceae Adenostemma lavenia (L.) N D 1 He He P Me 1 15
Kuntze
22 Asteraceae Ageratina adenophora E D 1 Th He A Me 2,4,5, R21
(Spreng.) R.M. King & H. 7,11

Rob**



23

24

25
26
27

28

29

30

31

32

33

34

35
36

37

38
39
40

41
42

43
44

45
46
47
48
49

50

51

52

Asteraceae

Asteraceae

Asteraceae
Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae
Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae
Asteraceae
Balsaminaceae
Balsaminaceae

Bignoniaceae

Boraginaceae

Boraginaceae

Brassicaceae

Ageratum conyzoides L**

Ageratum houstonianum
Mill**

Artemisia indica Willd**
Bidens bipinnata L.

Bidens pilosa L**

Chromolaena odorata (L.)
R.M.King & H. Rob**

Crassocephalum
crepidioides (Benth.) S.
Moore

Cyanthillium cinereum (L.)
H. Rob

Duhaldea cappa (Buch.-
Ham. ex D. Don) Pruski &
Anderb**

Eclipta prostrata (L.) L.

Elephantopus scaber L**

Emilia sonchifolia (L.) DC**

Erigeron canadensis L**

Eschenbachia japonica
(Thunb.) J. Kost.

Galinsoga quadriradiata
Ruiz & Pav**

Mikania micrantha Kunth

Parthenium hysterophorus L.

Pseudognaphalium affine (D.

Don) Anderb.
Sonchus arvensis L**

Sonchus asper (L.) Hill

Sonchus oleraceus L**

Synedrella nodiflora (L.)
Gaertn.

Tridax procumbens L.
Xanthium strumarium L**
Impatiens insignis DC
Impatiens racemosa DC**

Oroxylumindicum (L.)
Benth. ex Kurz**

Cynoglossum zeylanicum
(Vahl) Thunb. ex Lehm**

Cynoglossumwallichii G.
Don

Nasturtium officinale W.T.
Aiton

LC

LC
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53

54
55

56

57

58

59

60

61

62

63

64

65
66

67

68

69
70

71
72
73
74
75

76

77

78

79

80

81
82

Caryophyllaceae

Caryophyllaceae

Ceratophyllaceae

Commelinaceae

Commelinaceae

Commelinaceae

Commelinaceae

Convolvulaceae

Convolvulaceae

Convolvulaceae

Costaceae

Cucurbitaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae

Cyperaceae
Cyperaceae

Drymaria cordata (L.)
Willd. ex Roem. & Schult.

Sellaria media (L.) Vill.

Ceratophyllum muricatum
Cham.

Cyanotisvaga (Lour.)
Schult. & Schult.f.

Floscopa scandens Lour**

Murdannia nudiflora (L.)
Brenan**

Commelina paludosa Blume

Argyreia hookeri C.B.
Clarke**

Ipomoea purpurea (L.)
Roth**

Ipomoea carnea subsp.
fistulosa (Mart. ex Choisy)
D.F.Austin**

Héellenia speciosa (J.Kdenig)
S.R.Dutta**

Solena heterophylla Lour**

Carex cruciata Wahlenb.

Cyperus albescens (Steud.)
Larridon & Govaerts

Cyperus brevifolius (Rotth.)
Hassk**

Cyperus compressus L.

Cyperus corymbosus Palla

Cyperus cyperoides (L.)
Kuntze

Cyperusiria L**

Cyperus platystylis R.Br.
Cyperus rotundus L**
Eleocharis congesta D. Don

Fimbristylis dichotoma (L.)
Vahl**

Fimbristylis ovata J. Kern**

Fimbristylis schoenoides
(Retz.) Vahl**

Schoenoplectiella juncoides
(Roxb.) Lye

Schoenoplectiella lateriflora
(J.F.Gmel.) Lye

Schoenoplectiella mucronata
(L.) J. Jung & H.K. Choi

Scleria biflora Roxb.
Scleria levis Retz.
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83 Cyperaceae

84 Dioscoreaceae
85 Dioscoreaceae

86 Dioscoriaceae

87 Dipterocarpaceae

88 Ebenaceae

89 Eriocaulaceae

90 Euphorbiaceae

91 Euphorbiaceae
92 Euphorbiaceae

93 Euphorbiaceae
94 Fabaceae
95 Fabaceae

96 Fabaceae

97 Fabaceae

98 Fabaceae
99 Fabaceae
100 Fabaceae
101 Fabaceae
102 Fabaceae

103 Fabaceae
104 Fabaceae
105 Fabaceae

106 Fabaceae

107 Fabaceae
108 Fabaceae

109 Fabaceae

110 Fabaceae

111 Fabaceae
112 Fabaceae

113 Fagaceae

Actinoscirpus grossus (L.f.) LC
Goetgh. & D.A. Simpson

Dioscorea pubera Blume**
Dioscorea bulbifera L**

Dioscorea deltoidea Wall.
Ex Griseb**

Shorea robusta Gaertn** LC

Diospyros malabarica
(Desr.) Kostek*

Eriocaulon nepalense LC
Prescott ex Bong.

Alchornea mollis (Benth.)
Mull. Arg.

Falconeria insignis Royle**

Macaranga denticulata LC
(Blume) Mull. Arg.

Euphorbia hirta L.**
Aeschynomene indica L** LC
Bauhinia purpurea L** Lc

Chamaecrista
leschenaultiana (DC.) O.
Deg.

Chamaecrista rotundifolia
(Pers.) Greene

Crotalaria alata D. Don
Crotalaria pallida Aiton**
Crotalaria sessiliflora L**
Desmodium concinnum DC

Desmodium heterocarpon
(L.) DC**

Desmodium laxiflorum DC
Desmodium multiflorum DC

Dunbaria glandulosa
(Dalzell & A. Gibson) Prain

Mimosa pudica L** LC

Mimosa rubicaulis Lam.

Senna occidentalis (L.)
Link**

Senna tora (L.) Roxb**

Sylosanthes hamata (L.)
Taub.

Sunhangia elegans DC**

Indigofera atropurpurea
Buch.-Ham. Ex. Hornem.**

Quercus lanata Sm** LC
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Me 2 185
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46
Me 1 187
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114 Fagaceae

115 Gesneriaceae

116 Hydrocharitaceae

117 Hypericaceae

118 Hypericaceae

119 Hypericaceae

120 Juglandaceae

121 Juncaceae

122 Lamiaceae
123 Lamiaceae

124 Lamiaceae

125 Lamiaceae

126 Lamiaceae

127 Lamiaceae
128 Lamiaceae

129 Lamiaceae

130 Lamiaceae

131 Lamiaceae

132 Lamiaceae
133 Lamiaceae

134 Lauraceae
135 Lauraceae

136 Lentibulariaceae
137 Linaceae

138 Linderniaceae

139 Linderniaceae

140 Linderniaceae

141 Lythraceae

142 Lythraceae

143 Magnoliaceae

Castanopsisindica (J. Roxb. LC
ex Lindl.) A. DC**

Aeschynanthus parviflorus
(D. Don) Spreng.

Hydrilla verticillata (L.f.) LC
Royle**

Hypericum japonicum
Thunb.

Hypericum podocarpoides
N. Robson

Hypericum uralum Buch.-
Ham. ex D. Don

Engelhardia spicata Leche LC
ex Blume.**

Juncus prismatocarpus R. LC
Br**

Anisomeles indica Kuntze

Col ebrookea oppositifolia
S m**

Melissa axillaris (Benth.)
Bakh. f.

Mentha arvensis L**

Mesosphaerum suaveolens
(L.) Kuntze**

Ocimum gratissimum L**
Ocimum tenuiflorum L.

Platostoma coloratum (D.
Don) A.J. Paton

Plectranthus moallis (Aiton)
Spreng.

Pogostemon auricularius
(L.) Hassk.**

Scutellaria discolor Colebr.

Clerodendrum bracteatum
Wall. ex Walp.

Dodecadenia grandiflora
Nees**

Litsea monopetala (Roxb.) LC
Pers.**

Utricularia australis R. Br. LC

Reinwardtia indica
Dumort**

Lindernia hyssopioides
Haines**

Torenia asiatica L.

Bonnaya ciliata (Colsm.)
Spreng**

Woodfordia fruticosa (L.) Lc
Kurz**

Cuphea procumbens Ortega

Magnolia champaca (L.) LC
Baill. ex Pierre
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G125
Me 1,2 27
Me 2,9 62
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Me 1 N115
Me 2 235
Me 2 N177
Me, Ri 1,2 K126
Fd,Me 1,2 87
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105
Me 1,2 74
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144 Malvaceae

145 Malvaceae

146 Malvaceae

147 Malvaceae
148 Malvaceae

149 Malvaceae

150 Melastomataceae

151 Melastomataceae

152 Meliaceae

153 Menispermiaceae

154 Menyanthaceae

155 Moraceae

156 Moraceae

157 Moraceae
158 Moraceae
159 Moraceae

160 Moraceae

161 Moraceae

162 Myricaceae

163 Myrtaceae

164 Nelumbonaces
165 Nymphaeace:
166 Nymphaeace:

167 Oleaceae
168 Oleaceae

169 Onagraceae

170 Onagraceae

171 Orchidaceae
172 Orchidaceae

173 Orchidaceae

Abelmoschus manihot (L)
Medik**

Sda acuta Burm. f.

Sda cordifolia L**

Sda rhombifolia L.
Triumfetta rhomboidea Jacq.

Urena lobata L**

Osbeckia nepalensis Hook.

Osbeckia stellata Buch.-
Ham. ex D. Don**

Toona hexandra (Wall.) M.
Roem.**

Cissampelos pareira L**

Nymphoides indica (L.)
Kuntze

Ficus auriculata Lour**

Ficus benghalensis L**

Ficus benjamina L**
Ficus religiosa L**

Ficus sarmentosa Buch.-
Ham. ex Sm.**

Ficus semicordata Buch.-
Ham. ex Sm**

Ficus racemosa L**

Morella esculenta (Buch.-
Ham. ex D. Don) I.M.
Turner**

Syzygium cumini (L.) Skeels
Nelumbo nucifera Gaertn.**

Nymphaea nouchali Burm.
f.**

Nymphaea rubra Roxb. ex
Salisb.

Fraxinus floribunda Wall**

Jasminum multiflorum
Andrews

Ludwigia adscendens (L.) H.
Hara

Ludwigia hyssopifolia (G.
Don) Exell**

Apostasia wallichii R.Br.

Bulbophyllum affine Wall. ex
Lindl.

Bulbophyllum careyanum
(Hook.) Spreng.
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15
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Me,Fd 1,2 32

Me, Ti 1,2,5 B23

Me, Fi 1, 2,7, M207
13
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Fd

Me, Fr, 1 P108
Fd

Me 1 P67
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Fd
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Fo
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Dy
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174 Orchidaceae

175 Orchidaceae

176 Orobanchaceae
177 Oxalidaceae

178 Oxalidaceae

179 Pentaphyllaceae

180 Phyllanthaceae
181 Phyllanthaceae
182 Phyllanthaceae

183 Plantaginaceae

184 Plantaginaceae

185 Poaceae

186 Poaceae

187 Poaceae

188 Poaceae

189 Poaceae

190 Poaceae

191 Poaceae

192 Poaceae

193 Poaceae

194 Poaceae

195 Poaceae

196 Poaceae

197 Poaceae

198 Poaceae
199 Poaceae
200 Poaceae

201 Poaceae

202 Poaceae

203 Poaceae

Rhynchostylis retusa (L.)
Blume

Zeuxine strateumatica (L.)
Schitr.

Lindenbergia indica Vatke
Oxalis latifolia Kunth**

Oxalis corniculata L**

Eurya cerasifolia (D. Don)
Kobuski**

Phyllanthus emblica L.
Phyllanthus urinaria L**

Phyllanthus virgatus G.
Forst

Limnophila chinensis
(Osbeck) Merr.

Limnophila sessiliflora
(Vahl) Blume**

Brachiaria villosa (Lam.) A.
Camus**

Cenchrus purpureus
(Schumach.) Morrone**

Cymbopogon pendulus (Nees
ex Steud.) W. Watson**

Digitaria ciliaris (Retz.)
Koeler**

Drepanostachyum falcatum
(Nees) Keng. f.**

Eleusine indica (L.)
Gaertn.**

Eragrostis atrovirens (Desf.)
Trin. ex Steud.

Eragrostis tenella (L.) P.
Beauv. ex Roem. & Schult.

Eragrostis unioloides (Retz.)
Nee: ex Steud.

Eragrostis viscosa (Retz.)
Trin**

Imperata cylindrica (L.) P.
Beauv.**

Leersia hexandra Sw**

Microstegium fasciculatum
(L.) Henrard

Oryza rufipogon Griff. **
Panicum miliaceum L**
Paspalum dilatatum Poir.**

Paspalum scrobiculatum
L.**

Pogonatherum paniceum
(Lam.) Hack**

Saccharum spontaneum L
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204 Poaceae

205 Poaceae

206 Poaceae

207 Poaceae

208 Poaceae

209 Poaceae

210 Poceae
211 Polygalaceae

212 Polygonaceae

213 Polygonaceae

214 Polygonaceae

215 Polygonaceae

216 Polygonaceae

217 Polygonaceae

218 Polygonaceae

219 Polygonaceae

220 Polygonaceae

221 Polygonaceae

222 Pontederiaceae
223 Pontederiaceae

Sacciolepisindica (L.) Chast LC

Setaria pumila (Poir.) Roem
& Schult**

Sporobolusfertilis (Steud.)
Clayton

Themeda triandra Forssk**

Thysanolaena latifolia
(Roxb. ex Hornem.)
Honda**

Arthraxon hispidus (Thunb.)
Makino

Cynodon dactylon (L.)Pers**

Salomonia cantoniensis
Lour.**

Koenigia polystachya (Wall.
Ex Meisn) T.M. Schust &
Rev.**

Persicaria barbata (L.) H. LC
Hara

Persicaria capitata (Buch.-
Ham. ex D. Don) H. Gross:

Persicaria hydropiper (L.) LC
Spach**

Persicaria lapathifolia (L.) LC
Delarbre

Persicaria perfoliata (L.) H.
Gross**

Persicaria posumbu (Buch.-
Ham. ex D. Don) H. Gross

Polygonum plebeium R.Br.

Koenigia campanulata
(Hook. fil.) T.M. Schust. &
Reveal**

Persicaria pubescens
(Blume) Hara**

Pontederia hastata L.**

Pontederia crassipes
Mart.**

224 PotamogetonaceaePotamogeton crispusL.

225 Primulaceae

226 Primulaceae

227 Primulaceae
228 Ranunculaceae

229 Rosaceae

230 Rosaceae

231 Rosaceae

Maesa chisia D. Don**

Maesa macrophylla Wall. ex
Roxb.

Myrsine seguinii H. Lev*+*
Ranunculus sceleratus L. LC

Pyracantha crenulata (D.
Don) M. Roem**

Rubus ellipticus Sm.** LC

Rubus kumaonensis
Balakr.**
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Fp 9
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P231
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232 Rosaceae Potentilla indica (Andr.) N D 1 He He P Fd,Me 1,2 M120

Wolf

233 Rubiaceae Dimetia scandens (Roxb.) N D 1 He He P Me,Fo 1,2 B25
R.J. Wang*

234 Rubiaceae Exallage auricularia (L.) N D 1 He He P G231
Bremek.

235 Rubiaceae Knoxia sumatrensis (Retz.) N D 1 He He P 367
DC

236 Rubiaceae Mussaenda frondosa L.** N D 1 Ch Sh P Me 1 M84

237 Rubiaceae Oldenlandia corymbosa L. LC N D 1 Th He A 109

238 Rubiaceae Scleromitrion verticillatum N D 1 He He P 206
(L) R.J. Wang**

239 Rubiaceae Spermacoce alata Aubl.** E D 1 He He P Me 10 40

240 Rubiaceae Galiumaparine L.** N D 1 Th He A Me 1,2 130

241 Simaroubaceae Brucea javanica Merr.** LC N D 1 Ph Tr P B36

242 Smilacaceae Smilax aspera L** N M 1 Ch Sh P MeFd 1 G556

243 Solanaceae Solanum nigrum L.** N D 1 He He P Fd,Mel, 2,1z 29

244 Solanaceae Solanum torvum Sw.** E D 1 Ch Sh P Fd,Me 1,2 57

245 Solanaceae Solanum virginianum L.** N D 1 He Sh P Me 1 K81

246 Solanaceae Datura metel L. E D 1 Ph Sh P Me 1,2 D227

247 Theaceae Schima wallichii (DC.) LC N D 1 Ph Tr P Me,Cn 1,2,5 M200
Korth.**

248 Trapaceae Trapa natans L.** LC N D 1 Cr He P Me 2 385

249 Urticaceae Gonostegia hirta (Blume ex N D He He P Fd,Me, 1,2,7 386
Hassk.) Mig.** Sa

250 Urticaceae Pilea scripta (Buch.-Ham. e N D 1 He He P 41
D. Don) Wedd.**

251 Urticaceae Pouzolzia zeylanica (L.) N D 1 He He P Fd,Me 1,2 105
Benn. & R.Br.**

252 Urticaceae Boehmeria virgata (G.Forst. LC E D 1 Ch He P MeFi 1,2 14
Guill.**

253 Verbenaceae Lantana camara L.** E D 1 Ph Sh P Fd,Me, 1,13 R120

He

254 Viktaceae Ampel ocissus sikkimensis N D 1 Ph sh P Fd 1,11 R211
(M.A. Lawson) Planch**

255 Vitaceae Cissusjavana DC** N D 1 Ph He P Me,Fr 1,2 R127

256 Vitaceae Leea asiatica (L.) N D 1 Ch He P Fr 4 R136
Ridsdale**

257 Vitaceae Vitis heyneana Roem. & N D 1 Ph Sh P MeFd 1 D33
Schult**

258 Zingiberaceae Hedychium éllipticum Buch. N M 1 He He P 397
Ham. ex Sm.

**Plants enumerated in sampling plots and resttbérs from study on floral diversity.

Abbreviations: N/E-Native alien; RC-Raunkiaeer'sagdification, i.e., Ph-Phanerophyte, Ch-
Chamaephyte, Cr-Cryptophyte, He-Hemicryptophyte,Therophyte; H/S/T-Herb, shrub or tree; A/P-
Annual/Perennial. Native range reference (NRR):PDWO, www.plantsoftheworldonline.org/), 2
(Weeds of Australia, www.weeds.org.au), 3 (www.eflorg), 4 (GRIIS, www.griis.org); Red-list
categories areLC (Least concerned); D/M-Dicots & Monocots; IUCN egtlUCN threatened

categories



Appendix 9: Transect-wise nutrients, coverage, and richnessidfe and naturalized species

SN Plots Wetland ~ Phosphorus Nitrogen Coverage Richness Coverage Richnessof
of aliens of of Natives
aliens natives

1 Transect1 Phewa 0.26 0.04 16.5 3 8 5

2 Transect2 Phewa 0.23 0.04 46.5 11 16.5 11
3 Transect3 Phewa 0.40 0.04 46.5 8 62.5 12
4  Transect 4 Phewa 0.25 0.04 27 4 145 5

5 Transect5 Phewa 0.49 0.04 6.5 3 10.5 8

6 Transect 6 Phewa 0.55 0.04 23.5 9 38.7 16
7 Transect7 Phewa 0.27 0.04 21.5 8 19 14
8 Transect8 Phewa 0.31 0.04 27 6 333 21
9 Transect9 Phewa 0.31 0.04 6.5 4 9.2 6

10 Transect 10 Phewa 0.85 0.04 6.5 5 38.5 11
11 Transect 11 Phewa 0.46 0.04 4.5 7 26.4 9

12 Transect 12 Phewa 0.54 0.05 6.5 3 155 11
13 Transect 13 Phewa 0.21 0.05 6.5 4 27.5 13
14 Transect 14 Phewa 0.35 0.05 1 1 17.1 9

15 Transect 15 Phewa 0.50 0.04 3 2 14 11
16 Transect 16 Phewa 0.21 0.04 135 3 23 12
17 Transect 17 Phewa 0.41 0.04 10.5 3 27 13
18 Transect 18 Phewa 0.32 0.05 3.5 5 22 18
19 Transect 19 Phewa 0.40 0.04 3.5 3 16.5 21
20 Transect 20 Phewa 0.21 0.04 15 3 29 23
21 Transect 21 Phewa 0.39 0.04 0.5 1 58.5 15
22 Transect 22 Phewa 0.38 0.05 1 1 25 16
23 Transect 23 Phewa 0.44 0.04 0 0 61.7 8

24 Transect 1 Rupa 0.30 0.04 2.5 3 21.5 12
25 Transect 2 Rupa 0.45 0.04 5.5 3 16 8

26 Transect 3 Rupa 0.33 0.04 8 5 26.4 16
27 Transect4 Rupa 0.39 0.04 4.5 2 75.6 17
28 ransect5 Rupa 0.25 0.04 12 3 51.5 26
29 Transect 6 Rupa 0.33 0.04 8.5 3 59.5 19
30 Transect7 Rupa 0.12 0.04 17 5 61.5 23
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Appendix 10 : Native and naturalized plant species’ CCA summary

SN CCA scoresfor native species SN CCA scoresfor naturalized species
Names CCAl CCA2 Names CCAl CCA2
1 Just.adha -0.66 0.11 1 Alte.phil 0.14 214
2 Rost.proc 0.46 -0.43 2 Alte.sess 0.27 0.29
3 Achy.aspe -0.59 -0.11 3 Amar.spin 0.54 0.42
4 Cent.asia 0.13 -0.64 4 Pist.stra -0.22 -0.17
5 Colo.fall 117 0.00 5 Ager.aden -1.29 -0.23
6 Acme.pani -0.45 -0.70 6 Ager.cony 0.97 -0.66
7 Arte.indi 151 0.63 7 Ager.hous -1.12 -1.03
8 Duha.capp 1.45 0.59 8 Bide.pilo 0.27 -0.19
9 Emil.sonc 0.57 -0.75 9 Chro.odor -1.05 0.05
10 Elep.scab 0.03 -1.98 10 Erig.cana 0.47 0.38
11 Impa.race 1.34 0.50 11 Gall.quad -0.16 -0.98
12 Orox.indi -0.21 -0.50 12 Sonc.oler -1.41 0.32
13 Cyno.zeyl -0.33 0.51 13 Xant.stru 0.01 2.38
14 Flos.scan -0.34 0.03 14 Ipom.purp 0.11 0.77
15 Murd.nudi -0.83 0.43 15 I[pom.carn -1.37 0.12
16 Argy.hook -0.19 -0.29 16 Euph.hirt 0.28 243
17 Hell.spec 0.82 -0.67 17 Mimo.pudi -1.22 -0.57
18 Sole.hete -0.68 0.03 18 Senn.occi 0.45 112
19 Cype.brev 0.95 0.63 19 Senn.tora 0.42 0.28
20 Cype.iria 0.25 -0.78 20 Meso.suav 0.02 -0.25
21 Cype.rotu 0.46 0.29 21 Sida.cord 0.36 0.25
22 Fimb.dich 157 0.68 22 Ludw.hyss 0.96 -2.10
23 Fimb.ovat 1.36 0.52 23 Oxal.corn -1.08 -0.12
24 Fimb.scho -0.37 -1.09 24 Oxal.lati -0.21 -0.11
25 Dios.bulb 0.76 -0.86 25 Cenc.purp 0.43 0.22
26 Dios.delt -0.81 0.23 26 Leer.hexa -1.12 0.02
27 Dios.pube -0.34 -0.34 27 Pasp.dist 0.43 -0.34
28 Shor.robu 0.33 -1.75 28 Pont.cras -1.28 -0.29
29 Dios.mala 1.35 0.51 29 Sper.alat 0.75 -0.14
30 Falc.insi 111 0.06 30 Lant.cama -1.00 -0.07
31 Eury.sera -0.15 0.92
32 Aesc.indi 0.64 0.67
33 Bauh.purp -0.46 0.85
34 Crot.pall 0.34 -1.74
35 Crot.sess -0.98 0.54
36 Desm.hete -0.36 0.08
37 Indi.atro -0.56 -0.16
38 Sunh.eleg -0.84 0.43
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Appendix 11 : Spatial distribution maps of IAPS fromPokhara Vialldepal
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H.N. Pathak, D.R. Bhuju, B.B. Shrestha et al. Global Ecology and Conservation 27 (2021) e01597
1. Introduction

In the Anthropocene era, global change is accelerating with increasing human activities that alter biodiversity and eco-
system functioning. Invasion of ecosystems by alien species is an essential drivers of ecosystem functioning and affects bio-
diversity (Charles and Dukes, 2008; Keller et al., 2011; Linders et al., 2019). Globalization of trade and travel has facilitated the
spread of invasive alien plants (IAPs) across continents. Habitat invasion has become a global phenomenon with severe impacts
on ecological, economic, and social systems (Dogra et al., 2010; Dutta, 2018). IAPs reduce local plant population and diversity,
alter ecosystem productivity and nutrient cycling. Hence, they affect ecosystem services and human well-being (Charles and
Dukes, 2008, Keller et al., 2011; Rai and Singh, 2020).

Human well-being has been placed as a core element in Millennium Ecosystem Assessment (MEA, 2005). Therefore, con-
sidering human well-being has become necessary in policy development at Ecosystem Services (Akinsete et al., 2019). Eco-
system services are the benefits to humans provided by the ecosystem (MEA, 2005; Steinman et al., 2017). Ecosystem services
bridge ecological and economic aspects with human well-being and life support systems (Costanza et al., 1997; Akinsete et al.,
2019), conservation and development, and private and public policy (Braat and dr Groot, 2012). The economic valuation of
ecosystem services, typically described as (1) provisioning, (2) cultural, (3) regulating, and (4) supporting (MEA, 2005), includes
several components. These several components are categorized within a total economic value framework and then assigned a
monetary value (Costanza et al., 1997). The monetary values can be obtained from market prices or non-market valuations
(Grainger and Stoeckl, 2019). Many studies have included the ecological and financial impacts of invasive alien species. How-
ever, less attention has been paid to the impacts of IAPs on human livelihoods (Keller et al., 2018). Predictably, the impacts of
IAPs can be considerable because they can reduce the supply of ecosystem services that are important to humans (Aloo et al.,
2013; Keller et al., 2018). This loss of ecosystem services is likely to cause the most severe impacts on human well-being in cases
where local economics are closely linked to the harvest of biological resources, and/or where subsistence agriculture is prac-
ticed.

IAPs pose a particularly-severe threat to wetlands, an essential ecosystem that accounts for 40.6% of global ecosystem
services (Ramsar Convention on Wetlands, 2018), growing rapidly and soon covering the entire water surface. They reduce light
penetration below the water surface, affecting aquatic plants and animals, and consume oxygen (Mailu, 2001; Téllez et al.,
2008). IAPs alter wetland habitat, species number, and quality, and alter nutrient cycling. The quantity and distribution of IAPs
in freshwater are fundamental to many ecosystem services. Such species affect water through their physiology, morphology,
behavior, and interactions with other species (Catford, 2017). IAPs affect water supply, drainage systems, inflows for hydro-
power, river water flow, reduced water access for people, increased disease vector, support mosquito larvae, increased microbial
activities, and biochemical oxygen demand (Howard and Matindi, 2012). They can dominate native aquatic biota.

In Nepal, wetlands cover about 5% of the landmass with tremendous water storage capacity and support large numbers of
migratory birds such as waterfowl (\MoFE, 2018a). Wetlands in ten locations in Nepal are designated as Ramsar sites, which are
of international importance. Of these, the Lake Cluster of Pokhara Valley (LCPV), comprising nine lakes, is the largest and is
important both ecologically and to the local community. The LCPV hosts a range of biological species including several globally
threatened (also 60 species listed in CITES I and II) birds, mammals, reptiles, fish, and flora (MoFE, 2018b). In addition, LCPV
provides benefits to the local community through various resources and support for tourism (Thapa et al., 2020). However,
wetlands in urban areas such as Pokhara with very high tourist traffic are subject to various anthropogenic disturbances. Many
tourism-related activities can promote alien plant species. Although several studies on this lake cluster focused on limnology
and lake characteristics (Bhuju et al., 2012) and although a recent review by Xu et al. (2020) reported five scientific publications
on wetland ecosystem services from Nepal, very few studies address vulnerability due to invasive alien species and economic
valuation of ecosystem services in a lake or lake cluster in Pokhara Valley (e.g., IUCN, 2004; MoFE, 2018b; Thapa et al., 2020).
One of these studies by MoFE (2018b), categorized LCPV based on several factors that include invasive alien species (both
animals and plants). One of these species, Eichhornia crassipes, is listed as a highly invasive and problematic alien plants in the
LCPV (MoFE, 2018b). E. crassipes have threatened the natural beauty, ecosystem, and ecotourism business in Nepal (Mandal
et al., 2017). Another inquiry into the damage caused by invasive alien species was undertaken by Thapa et al. (2020), who
conducted a study on the overall ecosystem services of the Begnas watershed. However, researchers and policymakers rarely
directly address the link between invasions and ecosystem services. Several attempts have been made worldwide to study the
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Table 1
General information of the lake cluster in Pokhara Valley, Nepal.
Source: MoFE, 2018b.

SN Lakes Location (Ward) Area (Sq. Km) Max. Depth (m) Elevation (masl)
1 Phewa 6 4.33 24 742
2 Begnas 31 313 10 650
3 Rupa 33 111 4.5 600
4 Khaste 26 0.13 2.0 723
5 Maidi 28 0.01 2.0 850
6 Dipang 27 0.14 2.5 726
7 Kamalpokhari 13 0.02 15 850
8 Gunde 26 0.08 0.5 766
9 Neureni 26 0.03 0.5 723

impacts of invasive alien species on ecosystem processes. However, there lack a linkages between these mechanisms and
ecosystem services (Charles and Dukes, 2008), which is also true in the context of Nepal. This is the significant gap in data that
we seek to remedy in this study—on invasive alien aquatic plants and their impacts on Ramsar sites’ ecosystem services.

More specifically, a global survey of wetland ecosystem services conducted by Xu et al. (2020) concluded that there is a large
gap in research on provisioning services. Existing research mainly focused on supporting and regulating services, but studies on
provisioning and cultural services are lacking (Xu et al., 2020). There is a need to conduct a detailed study on ecosystem services
value, especially provisioning services. They are directly linked to the residents’ livelihoods around the wetlands and tourism, so
it may be important to understand how IAPs could change the value of these services. To this end, a study was conducted to
determine the status of ecosystem services and quantify their economic value, focusing on the provisioning and impact of IAPs
on these services. The results are expected to support evidence-based policymaking and decisions for sustainable management
of Ramsar sites, including conservation of native biodiversity and revitalization of livelihoods for residents.

2. Materials and methods
2.1. Study area

Located in central Nepal (27°55'-2823" N; 83°48'-84°11" E), the Pokhara Valley has a sub-tropical climate with dry periods
extending from mid-November to mid-February. Humid periods begin from mid-February to mid-November. March to October
is uncomfortably humid, with peaks in June/July (Supplementary material Fig. S1). The mean annual temperature is 24 °C, with a
maximum temperature of 36 °C in June/July and a minimum of 5 °C in January/February. Over 25 yr (1985-2010), the average
rainfall was 473 mm in the pre-monsoon season, 3336 mm in the monsoon season, 171 mm in the post-monsoon season, and
82 mm in winter (DoM, 2016). The valley attracts millions of visitors annually, mainly because of the majestic views of the
Annapurna Mountain Range and LCPV (Table 1). The LCPV includes Phewa, Begnas, Rupa, Dipang, Maidi, Khaste, Neureni, Gunde
and Kamalpokhari lakes (Fig. 1). Among these, the major lakes with high tourism activities are Phewa, Begnas, Rupa, and
Dipang. Pokhara metropolis encompasses 464.24 square kilometers, with a total population of 4,02,995 (CBS, 2011). Among
these lakes, only Phewa Lake had a densely populated eastern shore. Otherwise, these lakes surrounding areas consist mostly of
farmlands (48%), forest lands, and bushes (MoFE, 2018b). Most farmers live near the lakes in LCPV. While hoteliers, boaters, and
fishermen are mostly living around larger lakes or tourist sites.
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Table 2
Number of participants in the Focus Group Discussions held in Lake Cluster of Pokhara Valley, Nepal.
SN Lake FGDs Participants
Total Male Female
1 Phewa 4 47 42 5
2 Begnas 4 31 19 12
3 Rupa 3 24 13 1
4 Khaste/Neureni 3 12 9 3
5 Maidi 1 7 4 3
6 Dipang 2 12 12 -
7 Kamalpokhari 1 11 10 1
8 Gunde 1 8 6 2
Total 29 152 115 37
Table 3
Household survey in the vicinity of Lake Cluster in Pokhara Valley.
SN Lakes Farmers Boaters Hoteliers Fishermen
1 Phewa 21 35 19 1
2 Begnas 17 12 10 5
3 Rupa 16 - 5 8
4 Khaste- Neureni 29 1 3
5 Maidi 23 - - -
6 Dipang 13 - - 2
7 Kamalpokhari 18 - - -
8 Gunde 25 - - -
Total 162 47 35 29

2.2. IAPs enumeration

We conducted a field survey to enumerate species in LCPV and compile an inventory of 230 native and naturalized plant
species. The voucher specimens were used to identify the enumerated species and deposited in the Tribhuvan University
Central Herbarium (TUCH) of the Central Department of Botany, Tribhuvan University, Kathmandu. Our main concern was to
understand and enumerate IAPs in LCPV. Hence, we included only IAPs identified based on the findings of Shrestha (2016). We
used photographs of enumerated IAPs from the lake areas during the group discussion and household survey in the study area.

2.3. Wetland ecosystem services and impacts of IAPs on ecosystem services

We compiled and listed the potential ecosystem services of freshwater inland lakes based on the available literature (e.g.,
Costanza et al., 1997; Sharma et al., 2015; McInnes and Everard, 2017; Steinman et al., 2017). We collected data on all types of
ecosystem services provided by the lakes during focus group discussions (FGDs) and Key Informant’s interviews (KIlIs). To obtain
a collective stakeholder understanding of the lakes’ ecosystem services, we conducted FGDs at the lakeshores (Table 2). Se-
parate FGDs were conducted for four types of stakeholders: farmers, hoteliers, boaters, and fishermen. Smaller lakes like Gunde,
Khaste, and Neureni had only one or two types of stakeholders, and the number of FGDs were also reduced. We had 29 FGDs
comprising 7-14 participants in each with a homogeneous background (Taylor et al., 2016), such as farmers, boatmen, fish-
ermen, and hoteliers. An open-ended questionnaire was used for discussion, along with a checklist of ecosystem services and
photos of the listed IAPs. Participants were encouraged to express their opinions. FGDs discussions were recorded, and photos
were also taken for later reference.

We conducted interviews with 23 individuals as key-informant representing various stakeholder groups, including hotel
associations, boaters’ associations, government officials, teachers, local conservation leaders, women’s groups, and elderly
farmers. The purpose of the interviews with these key informants was to obtain specific information about lake ecosystem
services and to validate and/or confirm data obtained from the FGDs.

We conducted household surveys among primary beneficiaries (Table 3) of lake clusters to collect information on the impact
of IAPs on wetland ecosystem services provided by lakes. The number of households within a 1-km area around the lake area
was estimated using Lake Committee members. Of these, 10% of the households were selected for the survey using the snowball
method. A total of 273 households were surveyed, which included four different beneficiaries (Table 3), namely farmers (162),
boaters (47), hoteliers (35), and fishermen (29). The distribution of the four beneficiaries is not homogeneous on all lakes. The
smaller lakes are mainly inhabited by farmers, while boaters and hoteliers are more common around the larger lakes. The
discussion, the key informant interview, and the household survey focused on answering the following questions: (1) What
services are obtained from the lakes? (2) Are they aware of the IAPs in the lakes? (3) When did the IAPs appear in the lakes? (4)
What is the cause of the rapid spread of the IAPs? (5) What are the impacts of IAPs? (6) Do ecosystem services decrease after the
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Table 4
List of invasive alien plants present in each lake.
SN Name of the species Phewa Begnas Rupa Khaste Maidi Dipang Kamal Gunde Neureni
Pokhari
1 Eichhornia crassipes v v v x x v x x x
2 Pistia stratiotes v v v x x x v x x
3 Ipomoea carnea ssp. Fistulosa Vv v v x x A x YA x
4 Alternanthera philoxeroides v x x x x x x x x
5 Leersia hexandra Vv v v ' v v v Vv v

invasion with alien plants? (7) What ecosystem services are affected by IAPs? (8) What are the current market prices for lake-
derived goods?

2.4. Data analysis

Based on the field survey, we compiled an inventory of IAPs present in the lakes. We prioritized the ecosystem services
identified during the FGDs using the scoring method formulated by Shrestha et al. (2019). To prioritize ecosystem services, each
of the listed ecosystem services was scored on a linear scale, e.g., 0-4. A score of 0 represented lack of service, 1 represented the
least important service. A score of 4 represented the most important service in each category of services and goods. The scores
obtained for all ecosystem services were added together. The maximum scores of 4 were determined for each of the listed
services and summed. The percentage priority was calculated using the following relationship

Total score obtained for a service
Total maximum score for all services

Priority Percentage = 100

The prioritization of ecosystem services was useful in determining the relative importance of different types of ecosystem
services. Direct and indirect market price methods were used to estimate the economic value of ecosystem services (Sharma
et al., 2015). The market price method was used to quantify the direct utility values (fish, food and commodities) using market
prices. Since the provisioning services meet the people’s basic needs and help uplift the beneficiaries’ socio-economic status,
we calculated the economic value of the provisioning services. Moreover, local people are directly affected by the provisioning
services. They can therefore provide reliable information to quantify the listed services. The average annual value of wetland
products directly used per household was estimated based on average harvest volumes and prices, without considering what
proportion was sold. The total value of wetland provisioning services for all dependent households living within 1 km of the
lake area was calculated as the average annual value of harvested resources per household multiplied by the estimated total
number of dependent households (Sharma et al., 2015). We used the following equation to determine the total economic value
of the provisioning services.

Table 5
Local people’s response on the ecosystem services and respond percentage for different ecosystem services in lakes of Pokhara Valley.
Services Ecosystem Phewa  Begnas Rupa Khaste- Maidi Dipang Kamal Gunde Average of Average of
type services Neureni Pokhari each ES service type
(& Natural beauty 98.8 100 88.7 78.8 100 20 5.6 92 73
(& Tourism & 62.8 50 13.2 6.1 0 20 0 0 19
religion
(& Boating 74.4 38.6 17 0 4.4 0 0 4 17.3 36.4
PS Fodder 18.6 273 30.2 75.8 913 0 0 92 419
PS Medicines 233 13.6 60.4 75.8 65.2 0 11.1 60 38.7
PS Fishes 75.6 61.4 24,5 81.8 8.7 20 111 8 36.4
PS “Gund” for mat 2.3 0 0 75.8 82.6 0 0 92 31.6
PS Wild fruits 0 6.8 434 303 69.6 0 5.6 64 275
PS Duck feed 30.2 4.6 0 0 0 0 0 0 43
PS Edible plants 12 0 3.8 0 4.4 0 0 4 1.7
PS Water for 4.7 6.8 0 0 0 0 0 0 14 229
drinking
RS For fish farming  53.5 45.5 39.6 75.8 100 0] 0 92 50.8
RS For irrigation 59.3 38.6 34 75.8 100 0 0 92 50
RS For cattle 174 13.6 359 18.2 87 0 0 92 33
grazing
RS Bathing cattle 14 18.2 22.6 273 82.6 0 0 76 30.1
RS Flood control 46.5 38.6 13.2 69.7 13 0 0 12 241 376
SS Habitats 95.4 95.5 88.7 81.8 100 20 111 92 731
protection
SS Bio-diversity 94.2 97.7 88.7 81.8 95.7 20 111 92 72.6 72.8

CS - Cultural services; PS - Provisioning services; RS - Regulating services; SS - Supporting services.
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n
TVP, = ) (%hh; x HH x NV)
i=1
where i represents the different wetland provisioning services, % hh; is the percentage of total households dependent on the ith
provisioning service (i.e., dependency weight); HH is the total number of households residing in the 1 Km territory of Lake; and
NV; is the average annual net benefit per user household (Viboonpun, 2000 as cited by Sharma et al., 2015).

To compare pre-invasion values of ecosystem services and goods with IAPs, we looked at a total economic value per
household per year in the year of the survey and one year before the invasion in 1989. We listed the cost of goods from lakes
before the invasion in 1989 using literature (e.g., FAO, 1999; Gurung et al., 2005), news archives, information from local co-
operatives, and responses from key informants. Prices for the same goods were almost ten times lower in 1989 than in 2019. All
values were adjusted to 2019 values using Nepal’'s GDP deflators and then converted to international dollars (INT.$) relative to
2019 using purchasing power parity (PPP) conversion factors. The GDP deflators and PPP conversion factors were based on the
‘World Development Indicators’ (https://datacatalog.worldbank.org/dataset/world-development-indicators). The PPP for Nepal
is 34 LCU (local currency unit) per INT.$ in 2019. PPPs are the currency conversion rates that attempt to equalize different
currencies' purchasing power by eliminating differences in price levels between countries (OECD, 2021). It uses INT.$, which is
also known as the Geary-Khamis dollar and is a hypothetical currency unit used to standardize monetary values across
countries by adjusting it to the same purchasing power that the US$ had in the United States at a given point in time (de Groot
et al., 2012; Ackland et al., 2013). Therefore, to make the estimate of the economic value of provisioning service at present
comparable to that before the invasion of alien species, the data collected were converted to a standard set of units in INT.S$.

3. Results
3.1. IAPs in LCPV

In the LCPV, we recorded five IAPs, namely: Echhornia crassipes (Water hyacinth, Fam. Pontederiaceae), [pomoea carnea ssp
fistulosa (Morning glory, Fa. Convolvulaceae), Leersia hexandra (Southern cutgrass, Fam. Poaceae), Pistia stratiotes (Water lettuce,
Fam. Araceae) and Alternanthera philoxeroides (Alligator weed, Fam. Amaranthaceae). Detailed records of IAPs across nine lakes
have been tabulated in Table 4. Taxonomic details of these species are provided as supplementary information (S2). Of the five
IAPs listed, L. hexandra was recorded from all nine lakes. A. philoxeroides was recorded only from Phewa Lake.

3.2. Ecosystem services provided by the lakes

Local informants identified a total of 18 ecosystem services provided by LCPV. We categorized these ecosystem services into
provisioning, regulating, supporting, and cultural (Table 5). Based on interviews, provisioning services in the study area in-
cluded fisheries, edible wild fruits, medicinal plants, water for domestic use, duck rearing, branching rush (Juncus spp., known
locally as “gund”) for making a traditional mat, and forage.

3.3. Prioritizing ecosystem services

Out of 18 types of ecosystem services (Table 5), the top three services mentioned by the majority of stakeholders were:
habitats (73%), natural beauty (73%), and biodiversity (72%). In the second category (> 30%) the services supported agriculture,
irrigation, fodder, medicine, fisheries, livestock grazing, matting, and livestock bathing. Tourism and boating ranked only third
(<30%); however, these services were mentioned to a higher extent (> 50%) in Phewa and Begnas, which are larger. These lakes
were also valued for fishing (> 60%) and flood control (>38%). The highest percentages of services were provided by fishing in
Khaste-Neureni (81.82%). Supportive services were given priority responses (72.85%). Regulatory services (37.6%) were the
priority services provided in the second category. Cultural services were in the third category (36.43%). Provisioning services
were ranked as important at 22.93% because they are produced in large quantities and are less in demand.

However, prioritization differed among stakeholder groups including hoteliers, fishermen, boaters, and farmers (Fig. 2).
Interestingly, all of these four groups had natural beauty as the top value (> 95%) of the lakes. In the perception of hoteliers, after
natural beauty, fish (for consumption), biodiversity conservation, and boating were the second, third, and fourth priorities. On
the other hand, the fishermen group prioritized fishing as the second most important value, followed by biodiversity, habitat,
and boating. Farmers had biodiversity as the second most valuable lake service, followed by wildlife habitat, fishing, and flood
control. The results revealed that we should not underestimate the importance of natural beauty to people in this region.

3.4. Valuation of provisioning services

Our estimate gave INT.$ 9.05 million year™! in 2019 as the total monetary value of provisioning services of the lake cluster of
Pokhara valley. This estimate includes the values of five main products, lotus (food and medicine), fish, fodder, “gund” and wild
fruits. Among these products, lotus and fish had the highest value, which was INT.$ 3.95 and 3.55 million year™' respectively
(Fig. 3). The respondents indicated that the lotus has several uses, such as flowers, seeds, leaves, and rhizomes for medicine and
food. Lotus fruits were sold as traditional medicine for jaundice treatment in the local market, with Dipang, Kamal Pokhari,
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Fig. 2. Prioritized ecosystem services in the periphery of lakes in Pokhara by different stakeholders.

Maidi, and Rupa lakes topping the list. According to informants, lotus flowers were also sold in the market, especially during
festivals. The economic value of fish harvesting was another important provisioning service of the lakes in Pokhara valley as fish
is a popular item in restaurants and hotels. During the interview, the informants mentioned that a community called Jalari is
completely dependent on fishing. They have cooperatives in Phewa and Begnas.

Millions

Cost (Int.$)

G = N g
S o= b W

(=1

Fish Fodder
Ecosystem services

"Gund" Lotus

Fig. 3. Economic values of provisioning services from the lakes of Pokhara Valley Nepal in 2019.
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Fig. 4. Comparison of economic values of provisioning services of lakes clusters of Pokhara Valley Nepal in 1989 and 2019.

Fodder, “gund” and wild fruits were other supplies provided by LCPV and had a market value. These commodities were
mainly consumed in households, but they are also sold in the local market. In 2019, fodder valued at INT.$ 1.34 million year!,
“gund” valued at INT.$ 0.22 million year! and wild fruits valued at less than INT.$ 0.01 million year™! were estimated to come
from the lake clusters. The wild fruits are mainly the water chestnut (Trapa bispinosa Roxb.), known locally as “simalkande” and
used as a refreshment, coolant, and delicacy. The collection of products from the lake is seasonal, except for fish collected all
year round. Local farmers living near Gunde, Dipang, Maidi, and Rupa collect fodder from May to October to feed their livestock.

According to the respondents, the commodities harvested from the lake clusters were drastically reduced after the invasion
of IAPs. Fish production, medicine, edible plants, and other commodities were reduced compared to those before the invasion.
Our estimate showed that before the invasion by IAPs in 1989, the economic value of provisioning services was INT.$ 0.28
million HH! year™! (Fig. 4). However, the economic value received by people after rampant invasion by IAPs was INT.$ 0.1
million HH™! year™'. Among the five commodities considered in this study, the decline was significant for fish and lotus with
“gund” and fruits also reduced compared to the pre-invasion value by IAPs. The value of fodder in 2019 was higher compared to
that in 1989. According to the respondents, invasive plants formed peat in the lake that favors the growth of plants used as
forage. In addition to provisioning services, IAPs have notoriously impacted other ecosystem services, such as boating, whether
for recreation or transportation. They have also degraded the natural beauty of the lakes, lowered water quality, and impaired
biodiversity.

4. Discussion

The impacts of invasive alien species on biodiversity and ecosystem services have attracted global attention as they are
considered the second most significant threat to biodiversity worldwide (Simberloff et al., 2013). A global meta-analysis showed
that IAPs significantly reduced the fitness and growth of native plant species by 41.7% and 22.1%, respectively (Vila et al., 2011).
They found that IAPs also significantly reduced the fitness of animal species by 16.5%. Turbelin et al. (2017) reported 52 aquatic
IAPs worldwide in their review, showing ecological and socioeconomic impacts. Our results revealed that five IAPs were present
in the LCPV out of the six aquatic IAPs reported by Shrestha (2016) in Nepal. Sharma et al. (2016) recorded six IAPs in Beeshazari
Lake of Chitwan, Nepal, among which E. crassipes is the most common (79%). E. crassipes is reported as the most common IAPs
from 73 countries that severely affect the wetland ecosystem (Turbelin et al. 2017). However, in LCPV, L. hexandra is more
frequent than E. crassipes, recorded in all lakes although E. crassipes is found only in larger lakes. According to the CABI (2020)
online database (https://www.cabi.org/isc), L. hexandra harbors several pests of economic importance that cause severe rice
yield loss problems. To our knowledge, no such problem has been reported in Nepal. However, precautions should be taken to
avoid yield losses in rice.

I carnea ssp. fistulosa is the next common species that can cause a serious rice cultivation problem and displace native
vegetation (Tiwari et al., 2005). It can form dense stand in wetlands, causing blockages and difficulties in irrigation and also
causing fisheries problems (Chaudhuri et al., 1994). P. stratiotes and E. crassipes are reported as having invaded four out of nine
lakes. P. stratiotes are known to have serious negative impacts on water bodies’ use as it quickly covers the water surface. It can
cause problems with irrigation and drainage, interfere with boating and fishing, and create a suitable condition for waterborne
diseases (Mbati and Neuenschwander, 2005). E. crassipes have already been reported as problematic IAP from several sites in
Nepal (e.g., Mandal et al., 2017; MoFE, 2018b). This species can cause all the above problems of other IAPs. It can increase water
losses by very high evapotranspiration, 32-51% above average (Rao, 1988). Our enumeration shows the presence of A. philox-
eroides only in Phewa Lake. The presence of these IAPs causes varying degrees of problems in LCPV, which include severe
degradation of ecosystem services.

Our study identified 18 ecosystem services in the LCPV. Most of the services listed are similar to those of MoFE (2018b).
Elsewhere, in Jagdishpur (southwest Nepal), Baral et al. (2016) documented 24 services and goods from an artificial wetland and
Ramsar site. There are very few publications on Nepal’s wetland ecosystem services, though they are worth reviewing and
discussing here. Because most of those publication are from the Pokhara Valley. Thapa et al. (2020) documented 32 services
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from the Begnas watershed, and Paudyal et al. (2018) documented 23 services from the Phewa watershed. These earlier re-
searches documented fish, food, medicinal plants, birds, and tourism with direct use value. Our findings establish similar uses
from the lakes. Lakes provide habitat for a variety range of biota, and people have long recognized this intrinsic value
(Schallenberg et al., 2013). Lakes regulate flooding by controlling water from the lake area and preventing lowland flooding
(Ramachandra et al., 2012). In the present study, all except Dipang and Kamalpokhari provided such services.

Werner et al. (2014) put fisheries first in their study on the benthic marine ecosystem. Besides being a nutritious food source,
fish and fisheries are often associated with tourism, as fish can both be featured on the menu and provide sport for tourists
(Sousa et al., 2013). The lure of fishing is one reason that in the Pokhara Valley, Phewa Lake is the most popular destination for
domestic as well as international tourists. In recent years, Begnas has also become such a tourist attraction. In both Phewa and
Begnas, fish farming is encouraged by the government. Therefore, hoteliers, and other groups might have prioritized fishing in
ecosystem services (>90%). On the other hand, fish farming is one of the causes of alien species in the lakes, especially alien
invasive fishes (MoFE, 2018b). Recently, stakeholders in LCPV recognize the threat from the introduction of alien species of fish,
which are also responsible for the accidental introduction of other invasive species, including IAPs.

Our survey found that wetland resources are important to residents and contribute to the local economy. Thapa et al. (2020)
also mentions the importance of wetland resources to the local economy around the Begnas wetland. The ecosystem services’
economic value is significantly higher than that of Jagadishpur Lake (Baral et al., 2016) and Ghodaghodi Lake (Lamsal et al.,
2015), both in western Nepal. Given recent development and rapid urbanization, explaining the benefits we receive from the
ecosystem to economic value is important to better understand the trade-offs we make between nature and development.
However, since value transfer uncertainty poses a significant obstacle to quantifying the market value of the ecosystem as a
whole, we have considered only provisioning services for transfer into the economic valuation (Schmidt et al., 2016). Moreover,
previous studies, such as Sharma et al. (2015) have found that the economic benefits generated from provisioning services alone
account for about 85% of Koshi Tappu Wildlife Reserve in Eastern Nepal. Our estimate shows that the total valuation of the
provisioning ecosystem services of the lake cluster of Pokhara valley is about INT.$ 9.05million. Thapa et al. (2020) estimated
US$ 3.91 million from all services provided by Begnas Watershed and provisioning services contributing a significant amount.
Previously, [UCN (2003) had calculated a total value of US$ 9 million for ecosystem services provided by Koshi Tappu Wildlife
Reserve. Using a combination of market-based and value transfer methods, Sharma et al. (2015) calculated the economic value
of the equivalent of US$ 16 million per year for the selective ecosystem services provided by Koshi Tappu Wildlife Reserve. The
services included flood plain agriculture, fodder, fisheries, fuelwood, fruits, and construction materials. Our survey also found
that edible plants, medicines, fodder, and fish are important resources. “Gund” is equally important in the local economy in
Pokhara as local mat prepared from “gund” is top-rated.

A healthy wetland provides a range of goods and services that contribute to human well-being (Karki et al., 2018). Un-
fortunately, the health of wetlands is deteriorating, and local people are desperately trying to protect them. Around the globe,
IAPs pose a threat to aquatic habitats and biodiversity conservation (Vila et al., 2011). IAPs reduce the availability of wild fruits
(Krivek et al., 2020). IAPs disrupt water channels, displace native fodder plants, reduce the natural beauty of lakes, and sig-
nificantly damage lakes’ ecological value (Carlsson et al., 2004). van Wilgen and Gorgens (2004) reported outbreaks of wa-
terborne disease due to invasive species in lakes. Invasive alien species are increasingly threatening the native flora, fauna, and
ecosystems in Bangladesh (Mukul et al., 2020). They increase disease vectors, such as mosquitoes, snails (Keller et al., 2018).
Invasions have also been found to damage infrastructures created for energy flow and watercourses (Booy et al., 2017). The
damage done by IAPs is reflected in the net difference of about INT.$ 0.19 million HH™! year™ of the economic value of provi-
sioning services before the invasion in 1989 and after introducing IAPs in LCPV. Our results show a remarkable decline in the
ecosystem service value of fish, lotus, and “gund” from lakes by 2019 compared to that before the invasion of IAPs in 1989. The
invasion of IAPs and alien fish species introduced in LCPV significantly reduces the native fish population (MoFE, 2018b).
Economic losses due to the impact of IAPs on provisioning services have rarely been reported. However, overall economic losses
in ecosystem services from the region have been reported. Xu et al. (2006) reported that China lost about US$ 14.45 billion due
to invasive alien species in 2006. Economic losses due to IAS in the agricultural sector in Bangladesh are well documented.
However, it is claimed that the losses are mainly due to the management and eradication of IAPs such as E. crassipes (Mukul
et al., 2020). According to one report, the U.S. spent US$ 100 million annually in the early 2000 s to control aquatic IAPs (Lovell
and Stone, 2005). The problem of high cost and low impact of mechanical or manual removal of IAPs (especially E. crassipes) has
been reported in Nepal from Beeshazari Lake in Chitwan (Sharma et al., 2018). Therefore, preventing introduction of noxious
IAPs such as E. crassipes to those lakes where it is currently absent is the most cost effective strategy to maintain ecosystem
values of LCPV. In already infested lakes, community participation and seeking biological control for scientific management of
IAPs to maintain ecosystem values of wetland such as LCPV seems to be an option.

5. Conclusion

The lakes in the Pokhara Valley play an important role in the inhabitants’ livelihood, as they sustain various ecosystem
services. Five notorious IAPs were found to infest the water bodies and cause various problems, including a negative impact on
ecosystem services. Among the IAPs, L. hexandra was found in all nine lakes, while E. crassipes and P. stratiotes, and I. carnea are
aggressively advancing. These IAPs are altering the ecosystem services provided by LCPV. The estimated economic valuation
shows a huge loss after the invasion of IAPs. However, the rampant spread of IAPs has seriously threatened not only this
intrinsic benefit but also a host of other environmental services such as habitat to wildlife habitat, flood control support and
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carbon sequestration, and the attractiveness of the lakes f for research, recreation, and religious purposes. Although the sig-
nificance of impacts was context-dependent, our study highlighted that invasive alien plants significantly impact wetland
ecosystem services. Mechanical efforts to manage these IAPs are not as effective and need to include further research on
potential biological control. We hope our work will help stimulate research on wetlands in tourist destinations by highlighting
the relationship between biological invasion and their impacts at different levels of ecological services. Additionally, the
findings could be valuable in making decisions for sustainable lake management.
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Abstract

Urban areas often provide suitable microhabitats for the establishment of invasive alien plants (IAPs), which
subsequently disseminate their propagules for further spread in surrounding landscape. Periodic survey of 1APs in urban
areas not only brings opportunities for early detection and eradication of the invaders but also generate science-based
information for the management of established IAPs. In this study, we inventoried 1APs and documented their spatial
distribution in Pokhara valley, a popular tourist destination in Nepal. Using a checklist of 26 IAPs that have been reported
from Nepal, we examined roadside vegetation in 201 plots (size: 5 m x 5 m) located at the interval of ca. 500 m in the
valley. In each plot, the IAPs present were recorded along with geographic coordinates and land use type. Field data were
used to calculate species richness, frequency, and prepare distribution maps of the 1APs. In Pokhara valley we recorded 20
IAPs, i.e. 77% of the total number of IAPs reported from Nepal. Four of the recorded IAPs: Chromolaena odorata,
Eichhornia crassipes, Lantana camara and Mikania micrantha were among the 100 of the world’s worst invasive species.
Bidens pilosa had the highest frequency (63%), followed by Ageratum houstonianum (61%) and Lantana camara (44%).
Small population of Alternanthera philoxeroides, and Mesosphaerum suaveolens were spotted at a single locations and
Mikania micrantha at two locations, suggesting that they were at the early stage of invasion in the valley. Richness of I1APs
was the highest in shrub land, followed by agriculture fallow land, and forest. Our data revealed that the Pokhara valley has
already been invaded by a large number of 1APs, with possibility of arrival of new IAPs in near future. Periodic inventory

and mapping of the IAPs would be helpful in identifying new I APs and making management decisions timely.

Key words: Biological invasions, Land use pattern, Roadside survey, Satellite population, Species richness, Urban areas.

Introduction

Biological invasions have been attributed to species
extinction, degradation of habitat, loss of biodiversity,
alteration in ecological processes, and reduced ecosystem
services to mankind (Charles & Dukes, 2007). Species
introductions outside of their native range have been
continuously increasing worldwide (Seebens et al., 2017).
Some introduced plant species became naturalized,
reproducing at high rate, and spreading rapidly (Richardson
et al., 2000). A subset of the naturalized plants is invasive
that colonize rapidly and cause significant harm to the
natural environment, economy, and human health.
Globalization of trade, travel and recent climate change
have facilitated the spread of alien species across continents
in the earth (Hulme, 2009), and Nepal is not an exception
(Bhuju, et al. 2013, Shrestha et al., 2018).

At the landscape-level, species distribution is often
the outcome of ecological processes like availability of
suitable micro-habitat, composition in the neighborhood
(i.e. landscape context), land-use changes, and dispersal
(With, 2002). Understanding land use and land cover
changes is useful for early detection and management of
invasive plant species (Wang et al, 2016). Urban areas
function as hot spots for biological invasions for which
urban managers are not paying proper attention (Gaertner
et al., 2017). Pokhara valley, the gateway to Annapurna
range is one of such urban areas in Nepal, which is the
largest city next to Kathmandu valley that attracts many
tourists. The Valley has nine lakes which have been
included in Ramsar site in 2016 (DDC Kaski, 2017).

Although 1APs were found in the Valley (Poudel,
2015), there has been no attempts to document their
spatial distribution. Therefore, the present study was
undertaken with following objectives: 1) to inventory the
invasive alien plant species in Pokhara valley, and 2) to
map their spatial distribution in relations to land use
types. The results of this study have direct implications
for the informed management decision to control plant
invasions in the Pokhara valley.

Materials and Methods

Study area: The study area includes Pokhara valley
including Puranchaur village in north and Gagangaunda
village in south. The valley is located in central Nepal
between 27°55'-28°23' north latitude and 83°48'-84°11'
east longitude (Fig. 1). The study site accounts for an area
of 133.41 sq. km in Pokhara Metropolitan city (Shrestha
& Kshetri, 2008). Pokhara is one of the most visited
tourist destinations in Nepal. It is estimated that some
40% of the tourists visiting Nepal reach Pokhara (Parajuli
& Paudel, 2014). Pokhara is also the provincial capital of
Gandaki province.

The Pokhara valley has sub-tropical climate with
summer monsoon. The mean annual temperature is 24°C,
with maximum temperature 36°C in June/July and
minimum 5°C in January/February. There was average
rainfall of 473 mm in pre-monsoon season, 3336 mm in
the monsoon season, 171 mm in post monsoon season and
82 mm in the winter over the period of 25 years (1985-
2010) (DoM, 2016).
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The valley has a cluster of nine lakes designated as a
Ramsar site. They include Phewa, Begnas, Rupa, Deepang,
Maidi, Khaste, Niureni, Gunde and Kamalpokhari. The fresh

water wetlands namely Sardikhola, Bhhurjungkhola,
Khudikhola, Lastikhola, Chitrepanikhola, Yamdikhola,
Khalikhola, = Kahunkhola,  Phusrekhola, Bijayakhola,

Harpankhola are the feeding sources to these lake system.
Seti river is the main outlet of the valley to the south.

Inventory of IAPs in Pokhara valley: We collected
herbarium specimens of the 1APs from Pokhara valley
and tallied with IAPs that were reported from Nepal
(Tiwari et al., 2005, Shrestha 2016). The specimens were
collected during field survey for spatial distribution
mapping. Identification of the IAPs were confirmed with
the help of literatures mentioned above. The voucher
specimens were deposited at Tribhuvan University
Central Herbarium (TUCH), Kathmandu.

Distribution mapping: We used global positioning
system (GPS Model Garmin etrex 10) to record

HOM NATH PATHAK ET AL.,

geographic coordinates of the locations where the 1APs
were found during the survey in Pokhara valley. Along
the road networks, the IAPs were examined at 201 sample
plots (size: 5 m x 5 m) located at the interval of ca. 500m.
At each plot, the presence of 1APs, the land use type, and
geographic  coordinates (latitude, longitude) were
recorded. Data were used to prepare distribution maps of
individual 1APs in Pokhara valley using ArcGIS (Abd EI-
Ghani et al., 2011).

Frequency and species richness: Frequency of all species
was obtained following Kent & Coker (1992). Species
richness was considered as the number of 1APs enumerated
in each plot. Mean value of species richness with standard
deviation was calculated. Mean species richness was
calculated separately for the plots located in different land
use types. Sample plots were categorized into three groups
based on the species richness: 1-3 species, 3-6 species and
6-8 species/25m? plot. Plots of different categories were
depicted in the map of Pokhara valley.
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Fig.1. Geographic location of Pokhara in Nepal.
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Results

Invasive alien plant species in Pokhara valley:
Twenty invasive alien plant species (IAPs),
representing 77% of 26 IAPs present in Nepal, were
reported from Pokhara valley during the roadside
survey (Table 1). They belong to 18 genera and 10
families. Nearly half of the species (9 species)
belonged to family Asteraceae. Four of the 20 IAPs i.e.
Alternanthera philoxeroides, Eichhornia crassipes,
Ipomoea carnea subsp fistulosa and Leersia hexandra
were wetland species whereas the remaining 16 species
were terrestrial 1APs. Out of 20 IAPs, E. crassipes,
Lantana camara, Mikania micrantha and Chromolaena
odorata are in the ITUCN’s list of 100 of the world’s
worst invasive alien species (Lowe et al., 2000).

Frequency of the IAPs: Among the IAPs recorded in
Pokhara valley, Bidens pilosa had the highest frequency
(>63%), followed by Ageratum houstonianum (61%) and
Lantana camara (44%). Other species like Galinsoga
quadriradiata, Ipomoea carnea, Spermacoce alata,
Mesosphaerum suaveolens, Alternanthera philoxeroides
and Mikania micrantha had <5% frequency (Fig. 2).

Distribution of I1APs: Maps of 20 IAPs in Pokhara
valley revealed that Bidens pilosa was widely distributed
throughout the valley (Appendix 1). Ageratina
adenophora was sparsely distributed but present in
almost every major location. Ageratum conyzoides was
reported from agricultural fields and it was also found
from built-up areas. Ageratum houstonianum was found
throughout the valley. Amaranthus spinosus was absent
in Lekhnath area but present in built-up area of
Lakhanchowk and Bhimsenchowk. Bidens pilosa was
common in Lamachaur, Hemja, Bagar, Bhimsenchowk,
Budhibazaar,  Taalchowk, Birauta and Pame.

Erequency (%)

Chromolaena odorata was reported from Pame and
international airport area. Eichhornia crassipes, a
wetland 1APs, was recorded mainly from Phewa and
Begnas lakes (Fig. 3). Another wetland 1APs, Ipomoea
carnea subsp fistulosa was recorded mostly along water
canal in Lekhnath area. Galinsoga quadriradiata was in
farmlands of Lamachour area. Lantana camara, a
common noxious shrub, was found widespread in the
valley (Fig. 3). Leersia hexandra was reported from
lakes and canals of the city. In Maidi lake, it forms thick
carpet over the lake water. Mimosa pudica was
frequently found in Lekhnath area. Parthenium
hysterophorus colonized built-up area of the valley. In
Lekhnath area, it was recorded from Gagangaunda.
Spermacoce alata was common in Budhibazaar and
Arghaun. Xanthium strumarium was found around
bazaar area but rare in Lekhnath. Mesosphaerum
suaveolens was spotted at Bacchedubuwa near the
garbage dumping site of the Pokhara valley and Mikania
micrantha at Bachhedubuwa and Damsite area near
Raniban. Similarly, Alternanthera philoxeroides was
found at Khahare area of the Phewa lake.

Species richness: Species richness varied across land use
types. Shrubland had the highest species richness,
followed by the fallow land and forest (Fig. 4). Grassland,
non-irrigated farmland and irrigated farmland had similar
species richness. The lowest species richness was
recorded in residential and commercial areas.

There was also spatial variation in species richness of
IAPs. Low species richness (1-3 species/25m? plot) was
observed in Phewa lakeside to Pame area (Fig. 5). In other
areas, plots with low species richness were found
scattered along bazaar area. The plots with high species
richness were confined to the bazaar area of
Lakhanchowk and Bhimsentole and the territory.

Q"\
&
1 & .
R Name of species

Fig. 2. Frequency of different invasive alien plant species in the study area.
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Chromolaena odorata Eichhornia crassipes N
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Fig. 3. Distribution of four 1APs in Pokhara valley which are globally important. Distribution of remaining 16 species has been
presented in Appendix 1.
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Fig. 4. Variation of 1APs richness across land use types.
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Appendix 1. Distribution of IAPs in Pokhara Valley, Nepal.



The present study inventoried 1APs and analyzed their
distribution patterns in Pokhara valley, Nepal based on the
data collected along road network. Roads serve as an
important corridor for the dispersal of I1APs, with
subsequent spread into the adjoining landuse types. Among
20 invasive plants in the study sites, the highest frequency
of Bidens pilosa could be attributed to its high seed
production capacity and efficient seed dispersal by human
and animal vectors (Budumajji & Soloman Raju, 2018).
Plants with rapid growth, high adaptability and large seed
production disseminate throughout the world rapidly (Yang
et al., 2019). It was present in all types of microhabitats in
the study area (personal observation of first author). Nearly
1/3 of the IAPs reported in the study area have very low
(<5%) frequency, suggesting that they were at the early
stage of invasion in the year of data collection. In
particular, Mikania micrantha, Mesosphaerum suaveolens,
and Alternanthera philoxeroides have not been reported
from Pokhara valley in earlier mapping of 1APs in central
Nepal (Poudel, 2015). These kinds of species can be
managed effectively through early detection and rapid
reponse (EDRR) approach (Reaser et al., 2020). The most
noteworthy species among them is Mikania micrantha
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Fig. 5. Spatial pattern of the species richness (species number/25m? plot) of IAPs in the study area.
Discussion which is one of the world’s worst invasive weed and

difficult-to-manage species (Lowe et al., 2000). This
species is already widespread in Tarai and Siwalik regions
of eastern and central Nepal, and expanding to hilly region
in central Nepal through the establishment of satellite
populations (Shrestha et al., 2018). Small populations that
we spotted in the Pokhara valley during the present study
were two such satellite populations. Containment, if not
eradication, of such populations of M. micrantha, M.
suaveolens and A. philoxeroides will prevent further
expansion of these species and protect ecosystems of the
Pokhara valley and the surrounding landscape from their
negative impacts. This would be possible if provincial and
local government institutions working on biodiversity and
agriculture respond and initiate management activities as
early as possible.

Land use pattern is one of the determining factors
for plant invasions because it alters environmental
conditions and modifies the disturbance regime
(Pauchard & Alaback, 2004). The invasion is fueled by
anthropogenic disturbances such as grazing, nutrient
enrichment, frequent disturbances to soil and vegetation,
thereby degrading natural habitats. Growth of 1APs in
such habitats, modify native plant community. For
example, Baral et al., (2017) reported that native species
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such as Artemisia indica and Urtica dioica were
outcompeted mostly in the fringes of fallow lands,
agricultural lands and in the disturbed sites by the
invasive alien plants. Among the nine landuse types that
we analyzed, shrub land and fallow land had the highest
species richness. Agriculture fallow lands soon after
abandonment often have high nutrients and therefore
susceptible to invasion (McGrath et al., 2001). Species
richness in grazing land, forest and non-irrigated
farmlands were lower than in fallow land. Grazing land
had open area for sufficient light and nutrients because
the topsoil of grazing land generally has high nutrient
content (Gao-Lin, 2017). Irrigated farm land, wetland,
commercial area and residential area possessed low
species richness of the 1APs. Low species richness in
commercial and residential area in Pokhara valley could
be due to less availability of space and severe
disturbances that might have prevented growth of plant
species including IAPs. But, in general metropolitan
areas are rich in 1APs (Chen, 2012). Shrublands of the
present study area generally had monoculture stands of
species like Lantana camara. Such open areas without
tree canopy often provide suitable habitats for the
establishment of 1APs (Brothers & Spingarn, 1992).

Conclusion

We recorded a total of 20 IAPs in the Pokhara valley.
Among them, Bidens pilosa, Ageratum houstonianum and
Lantana camara were the frequently occurring species
whereas other species such as Mesosphaerum suaveolens,
and Alternanthera philoxeroides were spotted at a single
locations and Mikania micrantha at two locations.
Management responses aimed to contain these early
invaders including globally worst weed M. micrantha will
prevent their spread and protect ecosystems from their
harmful impacts. Four species found in the study area
were among the world’s worst invasive species.
Shrubland, fallowland and forest had high richness of
IAPs whereas the wetland, commercial area and
residential area had low species richness. Our data
revealed that the Pokhara valley had been already invaded
by a large number of IAPs and their number and
abundance might increase in future. Periodic inventory
and mapping of this kind is essential for early detection of
IAPs and rapid response for their management.
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ABSTRACT

Wetlands support exceptionally high biodiversity and provide valuable ecosystem
services, yet they are among the most threatened habitats due to anthropogenic
activities. Conservation and management planning of wetlands requires, among others,
a comprehensive floristic account. In this study, we prepared a checklist of the flowering
plants found in the wetlands of the Lake Cluster of Pokhara Valley (LCPV), a Ramsar
site of Nepal, located in a rapidly urbanizing capital city of Gandaki Province in Central
Nepal. Voucher specimens were collected from the study sites through multiple visits
during the monsoon (June-August) and autumn (September-November) seasons. Species
were categorized based on their life forms (Raunkiaer’s classification) and native
distribution range (native, naturalized, invasive). Ethno-botanical uses of the plant species
were compiled from the published literature. We identified 230 plant species belonging
to 70 families and 177 genera. Asteraceae (25 species), Poaceae (22 species), Fabaceae
(18 species), Cyperaceae (16 species), and Lamiaceae (11 species) were species-rich
families. Therophytes (30%) were the dominant life form followed by Hemicryptophytes
(27%). Among 230 species, 183 species were native and 47 species naturalized; among
the naturalized species, 21 species were invasive. Most of the plant species (61%) have

medicinal values while others have food (24%) and fodder values (13%).

Keywords: invasive alien species, Ramsar site, Raunkiaer’s life form, wetland flora
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INTRODUCTION

Wetlands are areas of marsh, fen, peatland, or sea, whether natural or artificial,
permanent or temporary, with fresh, brackish, or saltwater that is stagnant or flowing,
including areas of marine water not exceeding six meters in depth at low tide (Ramsar
Convention Secretariat, 2013). Wetlands are also called nature’s supermarkets as they
provide diverse goods and services to mankind and kidney of nature as they purify and
filter water (Mandal & Mukherjee, 2012). For example, 21ethnic communities out of
101 in Nepal depend on wetland resources for their subsistence (Lamsal ef al., 2014).
Wetlands are among the most productive life support systems in the world which are
also immensely important for mankind as they provide humanity the freshwater supply,
food and construction materials, and biodiversity, flood control, groundwater recharge,
and climate change mitigation(Halls, 1997, https://www.ramsar.org). Wetlands that are
the habitat of threatened species and provide valuable ecosystem services are designated
as a Ramsar site under the Ramsar Convention on Wetlands (https://www.ramsar.org/).
There are over 2400 Ramsar sites in the world including 10 sites in Nepal. The total
area covered by all Ramsar sites in the world exceeds 2.5 million square kilometers
(https://www.ramsar.org/about/wetlands-of-international-importance-ramsar-sites).

Ramsar sites in Nepal occupy 605.61 square kilometers (MoFE, 2018a).

Wetlands support exceptionally high biodiversity and provide habitats to both water
and land organisms (Denny, 1994). Floral diversity constitute a major resource in
wetlands. A prerequisite to understanding the ecosystem type and biodiversity pattern
of the region is a knowledge of the floral diversity of any region (Singh et al., 2017).
Such floristic data will be useful for tracking changes in the pattern of vegetation in
the future. In Nepal, the analysis of wetland flora is limited. A specific gap exists for
the floristic studies in LCPV. Ethno-botanical studies of plants and plant products are
essential for proper management of plant resources, in addition to the flora research
(Cunningham, 2001).

Lake Cluster of Pokhara Valley (LCPV) is the most recently declared Ramsar site of
Nepal (MoFE, 2018b). The LCPV includes nine lakes located in Pokhara Metropolitan,
a rapidly urbanizing city of touristic attraction in Central Nepal. This study was carried

out to prepare a checklist of the flowering plants found in the LCPV and analyzes their
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taxonomic diversity, life forms, biogeographic status, and ethnobotanical uses. The results

of this study are useful for the management and conservation planning of the LCPV.

Study area

The study was carried out in the Lake Cluster of Pokhara Valley (LCPV) which includes
nine lakes located within Pokhara Metropolitan City, central Nepal (fig. 1). The Valley
is located between 27°55'-28°23"' N latitude and 83°48'-84°11' E longitude, with an area
of 133.41 sq. km in Pokhara Metropolitan City (Shrestha & Kshetri, 2008). Pokhara
is one of the most popular tourist destinations in Nepal, and a provincial capital of
Gandaki Province. Of the nine lakes (table. 1), Phewa, Begnas, Rupa, and Deepang
are visited by tourists frequently for natural beauty, fishing, and boating. The lakes
and other water bodies are important sources of drinking water, fishery, irrigation, and
hydropower (MoFE, 2018b). Besides they provide recreational, religious, spiritual,
and inspirational values to local people and tourists.

TABLE 1. General information on the Lake Cluster of Pokhara Valley (MoFE, 2018b).

s | 8| = | 2| = |55l 8| 5| ¢
SN | Attributes i) gn ) g = £ g = % 2
£ | R 2 || = (228 2| <
Ward
1 6 31 33 27 28 13 26 26 26
number
Area

2 | occupied by | 4.33 | 3.13 | 1.11 |0.14 | 0.007 [0.013 ] 0.08 [ 0.027 | 0.13
water (Km?)

Catchment
3 119.39 18.6 | 26.02 12.39| 1.6 | 1.350.61| 0.18 | 2.69
area (Km?)

Lowest
4 elevation 763 647 | 580 | 687 | 672 822 | 741 | 742 | 739
(m asl)
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Fig.1. Lake Cluster of Pokhara Valley, Kaski District, Gandaki Province, Nepal. (Numerical
values in Pokhara Metropolitan City map represent different lakes: 1. Phewa, 2. Begnas, 3.
Rupa, 4. Khaste, 5. Maidi, 6. Deepang, 7. Kamalpokhari, 8. Gunde, 9. Niureni).
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Fig.2. Ombrothermic diagram of the climatic data between2010 to 2019 at Begnas

and Pokhara airport.
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Pokhara Valley lies in a subtropical region dominated by Schima-Castanopsis vegetation,
while small patches of the riverine forest dominated by Acacia catechu, Alnus nepalensis,
Pandanus furcatus are also found in the gorges of Seti and other associated rivers. The
minimum temperature was recorded at 6.5°C at the Begnas weather station and 7°C at the
Pokhara airport. Similarly, the maximum temperature recorded at Begnas was 33°C and
31.4 °C at the airport. The mean annual temperatures were 22.3°C and 21.8°C, respectively
at Begnas andthe airport. Similarly, average annual precipitation was 3201 mm and
3515 mm at Begnas and Pokhara airport respectively (fig. 2). Dry periods are from mid-
November to mid-February and the wet periods from mid-February to mid-November.

The extreme wet periods extend between March to October and peak in June/July.

METERIALS AND METHODS

Specimen collection and identification

Lakes of LCPV were visited for six times from June 2018 to December 2020, representing
two different seasons: monsoon (June-August) and autumn (September-November)
because they are the peak flowering seasons of the wetland flora. Voucher specimens
of flowering plant species were collected along the shore, inside the lakes, and around
the lakes. The free-floating and submerged species growing within the territory of the
lakeshore were collected following Haynes (1974). The collected specimens were
pressed and dried using newspaper and herbarium pressure. The prepared specimens
were identified consulting regional and national floras (Grierson & Long, 1983-
2001; Wu et al., 1994-2008; Watson et al., 2011). During the identification process,
the collected samples were also cross-checked with the specimens available at the
National Herbarium and Plant Laboratories (KATH) and Tribhuvan University Central
Herbarium (TUCH). For some doubtful species, expert views were also considered. The
nomenclature of the families followed APG-IV (Angiosperm Phylogeny Group, version
IV) (Chase et al., 2016), while the nomenclature of the genera and species followed
Roskov et al. (2020). Identified specimens were deposited in TUCH and KATH.

Species categorization and ethnobotanical use
Habits of the species (herb, shrub or tree;annual or perennial) were determined based
on field observations of the flora (Grierson & Long, 1983-2001, Wu et al., 1994-2008,

Watson et al., 2011). The life forms of the identified species were classified following
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Raunkiaer’s classification as Phanerophytes (Perennating buds from aerial parts more
than 2m from the soil surface), Chamaephytes (Perennating buds on aerial parts less than
2m from the soil surface), Hemicryptophytes (Buds at ground level), Cryptophytes (Buds
below ground or water), and Therophytes (Plants that survive unfavourable conditions
as seeds) (Kent, 2012). The native ranges were extracted from Wu et al. (1994-2008)
and Plants of the World Online (2020) (http://www.plantsoftheworldonline.org/); for
some species with uncertain native range, experts’ advice was also solicited. Continents
(e.g. Europe, Americas) of the native distribution range of the naturalized alien species
were identified. Some of the naturalized alien species were categorized as ‘invasive’
following the list of invasive alien plants of Nepal by Shrestha (2019). International
Union for Conservation of Nature (IUCN) threatened categories were identified for each
species (www.iucnredlist.org). The collected plant species were compared with the list
of species reported by the Ministry of Forests and environment (MoFE, 2018b) from the
LCPV. Ethnobotanical uses of the collected plant species in Nepal were obtained from
the following references: Manandhar (2002), Sah et al .(2002), Bishokarma et al. (2005),
Baral & Kurmi (2006), Acharya (2009), Joshi & Joshi (2009), Kunwar et al. (2010),
Niroula & Singh (2011), Lamsal et al. (2014), Kunwar et al. (2015), Adhikari et al.
(2019), Budha-Magar et al. (2020), Bhatt & Kunwar, (2020), and Sharma et al. (2020).
Uses of the plant species were grouped into the following categories: medicines, food,
forage, fodder, fiber yielders, rituals plants, fish poisons, timber yielders, fuel-woods,
ornamentals, dye yielders, construction materials, green manures, hedge plants, tannin
yielders, soaping agents and fermenting agents. Use percent was calculated by dividing
the number of times the plant used (e.g. as medicine) by total plant species enumerated
(e.g. 216) multiplied by hundred. Due to multiple uses of single plant species, a sum of

the percentage values of the different use categories was more than 100%.

RESULTS AND DISCUSSION

Altogether 230 flowering plant species were collected belonging to 177 genera and 70
families from the LCPV (Appendix I). Among them, 168 species were dicots and 62
species monocots. Out of 177 genera, 34 genera had two or more than two species
while the rest of others was represented by a single species. Asteraceae (25 species),
Poaceae (22 species), Fabaceae (18 species), Cyperaceae (16 species) and Lamiaceae
(11 species) were the species-rich families (table 2). Analysis of the floristic composition
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of the LCPV revealed Asteraceae and Poaceaeae as the dominant families, which agree
with the general floral composition of Nepal (Press et al., 2000). Poaceae was also
reported as a dominant family in the wetlands of other parts of Nepal (e.g. Chitwan by
Dangol et al., 2014). In Nepal, the analysis of wetland flora is limited. Sah ef al. (2002)
reported altogether 401 plant species belonging to 264 genera under 84 families from the
Ghodaghodi lake area. Altogether 115 species belonging to 45 families were recorded
from the wetland flora of Rupandehi district (Sharma et al, 2019). A total of 108
plant species were recorded from the wetland and periphery of Raja-Rani Tal, Morang
(Sharma et al., 2020). Dangol et al. (2014) documented 117 plant species belonging to
39 families and 92 generain the area of Rampurghol, Chitwan. Compared to the list of
436 plant species reported in the management plan of the LCPV (MoFE, 2018b), this
research revealed the presence of 155 additional plant species suggesting that previous
floristic studies of the LCPV are far from complete.Regarding habits, 167 species were
herbs, 38 shrubs and 25 trees. Out of the total, 76 were annuals and 154 perennials.

Table 2. Number of species recorded from the Lake Cluster of Pokhara Valley

that belong to different families.

S.N. Family Number of species
1. | Asteraccae 25
2. | Poaceae 22
3. | Fabaceae 18
4. | Cyperaceae 16
5. | Lamiaceae 11
6. |Polygonaceae, Rubiaceae 8
7. | Malvaceae 6
8. | Acanthaceae, Euphorbiaceae, Moraceae, Orchidaceae 5
9. | Amaranthaceae, Commelinaceae, Rosaceae, Solanaceae, 4

Urticaceae
10. | Hypericaceae, Phyllanthaceae, 3
11. | Apocynaceae, Araceae, Boraginaceae, Caryophyllaceae,
Convolvulaceae, Dioscoreaceae, Fagaceae, Lauraceae,
Linderniaceae, Lythraceae, Melastomataceae, Myrtaceae, 2

Oleaceae, Onagraceae, Oxalidaceae, Plantaginaceae,
Pontederiaceae, Primulaceae, Vitaceae

12 [ Remaining 32 families 1
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The IUCN red list category of the plant species were attempted to find. Out of the 230
species, 67 plant species were under the Least Concern category and the rest of the
others(163 species) were not assessed to any threat category. None of the plants were
government protected. However, the ecosystems maintained by these plant species are
the habitat of several threatened animal species (MoFE, 2018b).

The majority of the species were native (183 species) while 47 species were naturalized
alien species. Out of them, 21 naturalized species were invasive (table 3). Though the
flora of LCPV was dominated by the native species, the presence of naturalized species
contributing to one-fifth of the total flora recorded during the present study could not
be underestimated. Furthermore, globally worst invasive species such as Eicchornia
crassipes, Chromolaena odorata, Lantana camara and Mikania micrantha (Lowe et
al., 2000) had already invaded LCPV. The majority of the naturalized species (81%)
and all of the invasive alien species were native of the Americas (fig. 3, table 3). The
dominance of the American native plant species in the naturalized flora has been also
reported at the national level (Bhattarai et al., 2012).

Pt

o

o
Wk

e

R T

O Africa
OAmerica
H Asia

M Europe

E Australia

Fig. 3. Number of naturalized species with their place of origin.



Journal of Natural History Museum Volume 31, 2019-20 9

(0207) 77 12 eWIIRYS 11% BOLIOWY
(9007) v J2 ereg d hE A% H ‘A SINAIDY| [eordonqgng oBOOLIAISY "1 vsopid suaprg | 9
“(2007) Teypueuejy Pd 29 eordory,
(6007) v 12 Tysof | I 9N g Scwa< " snsouids
edn eordoi] | oeooeyjuRIEW
“(007) Teypueuey ‘Pd v H i d [E2I0LL B v SnypuDADULY 5
0} OOIXJN
"qastID) (UeN)
BUIIUQSIY
d H 9H eMITJ ’ drddRYIURIRUIY soproaaxopyd | 4
"N 0} pepruriy,
DAOYIUDULI]] Y
BOLIOWY
(6007) "1v 12 1ysof . TN Wnuv1uojsnoy
) pre BIUD)) O oB30RI)S
“9007) Iv 12 [ereq] W v H UL IpreN [enua) 0y ISV wnp8y ¢
OOIXOIA
(0202) 70 12 weyg .

. Lreyyod 1 sap10z4uoo
(0107) ‘v 72 Jemuny| | 1 QN v H UL OOIXIN OBIIRIIISY T
¢ . Tewrey] ’ w123y

(¥102) 7042 eswe]
(0z02) ‘1072 ‘QOYHY

TeSeweypng (6107) Sursy Y (‘Suaads)

AN d H 'i9) edny OOTXIIN JBIIRIAISY I
‘v J2 R IYPY paoydouapp
(6007) eATEYOY ULy
(@D
sos sas) LJULENE) (S qnaus e Jdgue.a dAne Aqnue Jwiku upe
10§ SIIUIYY +E d 1@ qom | 28 | wonseqon neN HULE | ne| NS
/(V) [enuuy

INUBUW URIG-WE) “TIPPOJ-P ‘OFBI0J-1,] QUIIPIIA-IIA S9SN
‘Aydordueyd-yd ‘94AqdoydLi)y-1) 9Aydoaay -y [, ‘sardydavwoy)-y) “934ydojd LA101may-9 :uonedyisse[d uLioy
I sadepuney -DYAI[EA BIeYOd JO 19)sn[D) e ul s31dads juefd udrfe JAISEAUI JO AJISIIAIP INSLIO[] € ATAV],



10 Pathak et al.: Floristic Diversity in the Lake Cluster of Pokhara Valley, Central Nepal

(0102

‘1D 12 TeMUNY BOLIOWY
ON oH BMIYJ ] JradRqE,] 1 vorpnd psouwnpy | 1
(9002) v 12 TeIRg Teordoy,
“(2007) seypueuEN
BOLIOW
(0z02) 1 oH BMIYJ _mo&mb@:M oBIOBIV)SY e €1
‘I J2 ewIRyS : DYIUDAOIU DIUDYIN
29 [eordoay,
BOLISWY ozjuny
(9007) v 12 Te1Rg SN qL edny [eordo1y, ovooRIWIE T ("1) suajoaavns | 71
0} OJIXIIN wn.1evydsosapy
(S102) °H BOLIOWY
‘D 12 TeMUny| OIN i} edny Teordoi, 0BOORUSQIOA | T PADWDD DUDIUDT | |
“(2007) Teypueuey ‘Pd 0] 091X
. unsny'A'd
(s wo@ MU | @wcoz% (As10yD) X0 "Me)
‘2 A : NAJOA
n (9000) 17 72 [exeg op 1o eaRd [EOIGOLL S | SBIORINAIOALOD psojnsy/-dsqns o1
(2007) Teypueuey 01 OOXO pouind P2oUod]
BOLIOWY E
“(2007) Teypueuey P UL sey reordoi], °S ovoORIQISY | ZINY vwipvariponb | g
0} OJTXIN p30SUIDL)
(2002) 17 12 yes wo eOLIOWY SHIOS
« ) v 12 1ySO . D eMayJ m. ) OBOOBLIOPIIUOJ ("eIN) sadissnao | g
60027) 1P 12 14sof P4 [POIGOLL S DILIOY YT
BoLIOWY "QOY'H 2% Sur'INd
(9007) v 12 Te1Rg SN 'fe) emayJ [eordonqgng JBOORIDISY (*7) vivaopo | |
2 [eordoiy, DUID]OULO.AY))




Journal of Natural History Museum Volume 31, 2019-20 11

BOLIOWY
’ : ] WNIADWNAYS
(2002 17 12 yes - - wdny | NS 'S PUE SrooRINISY T wn; Z .
“(2007) Teypueuely [1zeig 0} NIdJ wniyuvy
‘LOLIDWY ‘N
[1zeld "M
o o M pue BoHImY ordORIQN anv
W H Fod nos "N 03 el DIPID 2200DULIDAS 0c
BIQUO[OD)
(9002)
17 32 [exed (S00T) . BoLIOWY qQxoy
9 MO b
BULIRYRMUSTH NP4 4L od [enua) PoRqRd (") 401 Puuag 61
“(2007) seypueuey
BOLIOWY
(9000) 17 12 [evel 9N ‘PA UL BMIYJ [eordongng JradRqe,] T (1) 81
“(2007) Teypueuey ’ SYDIUIPIII0 DUUIS
29 [eordoay,
MO ForetY elclelel 1 sopoyp.A)s vUstd
I 2l ! 3!
J Ud qnog v L1
mMCoE< ‘1 snioydo.aysdy
UL BMAYJ [eordongng oBIJBIJ)SY —— 91
29 [eordoiy,
Lreyyod omMWQHMQ 5 qunsy
1 eordoux JBAOEPI[EX
J [ewey] [esrdonqgng PI[EXO vijofiin] svXO Sl

29 [eordoay,




12 Pathak et al.: Floristic Diversity in the Lake Cluster of Pokhara Valley, Central Nepal

The life form of dominant plant species is one of the basic physiognomic attributes
(Beard, 1978), which show the plant-environment interaction, and it helps to understand
the micro and macroclimate under which plant species flourish (Khan et al., 2018).
The vegetation in our study area ranged from phanerophytes to therophytes with
the dominance of therophytes and hemicryptophytes (fig. 4). The hemicryptophytes
and cryptophytes constituted the species of the herb. The chamaephytes observed
were mainly woody shrub species while the phanerophytes constituted the trees and
the associated epiphytes and climbers, growing in the adjoining areas of wetlands.
Hydrophytes (a component of Cryptophytes) constituted 10 species; common among
them were Trapa natans, Eichhormia crassispes, Pistia stratiotes, Hydrilla verticillata,
Leersia hexandra and Ludwigia adscendens. Such dominancy of hydrophytes was also
reported from a study in wetlands of Central Nepal (Burlakoti & Karmacharya, 2004).

100%

0% | | 4 9 >

80% - 23
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20% - @ Natives
10% -

0% T T T T

Chamaephytes Cryptophytes Hemicryptophytes  Phanerophytes Therophytes

Number of plants (%)

Raunkiaer's life forms

Fig. 4. Percentage of native and naturalized aline plant species in each life form.
Values inside the bars represents the number of species.

A review of the previous studies revealed that about 71% (166 species) of the flowering
plants recorded in the LCPV have one or moreuse values (table 4). Most of them (59%)
were used as medicines, followed by food (25%) and forage and fodder (13%). This
suggests that the LCPV provides important provisioning services to the people living in
the landscape surrounding the LCPV. A similar type of research was reported by Sah et
al. (2002) in the Ghodaghodi lake area and Dangol (2014) in Rampur Ghol, Chitwan.
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Table 4. Uses of the plant species reported from the LCPV. Uses of the species

have been compiled from the previous studies (See Appendix I and II for details).

S.N. Use category Number of species | Percentage of species
1. | Medicinal uses 141 61.30
2. [Food value 57 24.78
3. | Fodder and forage 31 13.47
5. |Fiber yielders 8 3.47
6. |Rituals plants 4 1.73
7. | Fish poisons 4 1.73
8. | Timber yielders 3 1.30
9. [Fuelwood 2 0.86

10. | Ornamental plants 2 0.86
11. | Dye yielders 2 0.86
12. [ Use in construction 2 0.86
13. | Green manure 1 0.43
14. | Hedge plant 1 0.43
15. | Tannin yielders 1 0.43
16. [ Soaping agent 1 0.43
17. | Fermenting agent 1 0.43

This study gives an insight into floral diversityin the LCPV, their biogeography, as
well as their uses. Most of the species were native, perennial, and Therophytes. The
LCPV provides habitat for several plant species with medicinal values. The presence
of several invasive alien plant species, some of them being globally worst, suggests
that the wetland habitats of LCPV have been degrading. Management responses to
plant invasions, together with other drives of degradation, will help to restore the
habitats and ensure the continuous supply of ecosystem services. This will provide
both economic as well as conservation benefits.
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