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Abstract

Urban areas often provide suitable microhabitats for the establishment of invasive alien plants (IAPs), which
subsequently disseminate their propagdesfurther spread in surrounding landscape. Periodic survey of IAPs in urban
areas not only brings opportunities for early detection and eradication of the invaders but also generateasence
information for the management of established IAPs. ls $tudy, we inventoried IAPs 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 (size2 5%m) located at the interval of ca. 500 m in the
valley. In each plot, the I1APs present were recorded along with geographic coordinates and land use type. Field data were
used to calculate species richness, frequency, and prepare distribution maps ottHa PARharavalley we recorded 20
IAPs, i.e. 77% of the total number of IAPs reported from Nepal. Four ofaberdedlAPs: Chromolaena odorata,
Eichhornia crassiped,antana camarandMikania micranthawer e among t he 100 o fspecibse wor | do
Bidens pilosehad the highest frequency (63%), followed Ageratum houstonianuif®1%) andLantana camarg44%).

Small population ofAlternanthera philoxeroidesand Mesosphaerum suaveolengre spotted at a single locations and
Mikania micranthaat two locations, suggesting that they were at the early stage of invasion in theRigheyess of IAPs

was the highest in shrub land, followed by agriculture fallow land, and forest. Our data revealed that the Pokhara valley has
already been invaded laylarge number of IAPs, with possibility of arrival of new IAPs in near future. Periodic inventory

and mapping of the IAPs would be helpful in identifying new IAPs and making management deuigtns
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Introduction Although IAPs were found in the Valley (Poudel,
2015), there has been no attempds documenttheir
Biological invasions have been attributed to speciespatial distribution. Therefore, the present study was
extinction, degradation of habitat, loss of biodiversity,undertaken with following oleictives: 1) to inventory the
alteration in ecological processes, asducedecosystem invasive alien plant species in Pokhara valley, and 2) to
services to mankind (Charles & Dukes, 2007). Speciefap their spatial distribution in relations to land use
introductions outside of their ma¢ range have been types. The results of this study have direct implications

continuously increasing worldwide (Seebestsal, 2017).  for the informed management decision to control plant
Some introduced plant species became naturalizeglhyasions in the Pokhara valley.

reproducingat high rateand spreading rapidly (Richardson
et al, 2000).A subset othe naturalized plants is invasive aterials and Methods
that ®lonize rapidly and cause significant harm to the

natural environment economy, and human health gy,qy area The study area includes Pokhara valley
Globalization of trade, travel and recent climate Chang@ncluding Puranchaur village in north and Gagangaunda
have facilitated the spread of alien species across continerq)'ﬁqage in south. The valley is located in central Nepal
in the earth (Hulme, 2009), and Nefmlnot an exception pet we e n2 8272e355 ' nort h |-8dteltlude
(Bhuju,etal 2013, Shresthet al, 2018). east longitude (Fig. 1). The study site accountsifoarea

At the landscapéevel, species distribution is often of 133.41 sq. km in Pokhara Metropolitan city (Shrestha
the outcome of ecological processes like availability ofg, Kshetri, 2008). Pokharas one of the mostvisited
suitable micrehabitat, composition in the neighborhood tourist destinations in Nepal. It is estimated that some
(i.e. landscape contextlanduse changesand dispersal 40% of the tourists visiting Nepal reach Pokhara (Parajuli
(With, 2002). Understanding land use and land coveg Paudel, 2014). Pokhara is also the provincial capital of
changes is useful for early detection and management @andaki province.

invasive plant species (Wargt al, 2016). Urban areas The Pokhara valley has stiopicd climate with

function as hot spots for biological invasions for whichs u mmer monsoon. The mean annu
urban managers are not paying proper attention (Gaertneri t h maxi mum temperature 36
et al, 2017). Pokhara valley, the gateway to Annapurnani ni mum 5eC i n January/ Febr u;

range is one of such urban areas in Nepal, which is thainfall of 473 mm in prenonsoon season, 3336 mm in
largest city next to Kathmandu valley that attracts manyhe monsoon season, 171 mm in poshswmn season and

tourists. The Valley has nine Kes which have been 82 mm in the winter over the period of 25 years (3985
included in Ramsar site in 2016 (DDC Kaski, 2017). 2010) (DoM, 2016).
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The valley has a cluster of nine lakes designated asgeographic coordinates of the locations where the IAPs
Ramsar site. They include Phewa, Begnas, Rupa, Deepanggre foundduring the survey in Pokhara valley. Along
Maidi, Khaste, Niureni, Gunde and Kamalpokhari. Thetfre the road networks, the IAPs were examined at 201 sample
water wetlands namely Sardikhola, ~Bhhurjungkhola,piots size:5 m3 5 m) located at the interval of. 500m.
Khudikhola, Lastikhola, = Chitrepanikhola, Yamdikhola, At each plot, the presence of IAPs, the land use type, and
Khalikhola, Kahunkhola,_ Phusrekhola, Bijayakhola, eographic coordinates (latitude, longitude) were
Harpankhola are the feeding sources to these lake systefAcqorged. Data were used to prepare distribution maps of
Setiriver is the main outlet of the vali® the south. individual IAPs in Pokhara valley using ArcG(8bd EI

Inventory of IAPs in Pokhara valley: We collected Ghaniet al, 2011).
herbarium specimens of the I1APs from Pokhara vaIIeX:
and tallied with IAPs that were reported from Nepal
(Tiwari et al, 2005, Shrestha 2016). The specimens wer

requency and species richnes&requency of all species
was obtained following Kent & Coker (1992). Species
collected during fieldsurvey for spatial distribution _richness was considered as the n.umb.er of IAPs_enumerated
mapping. Identification of the 1APs were confirmed with I €ach plot. Mean value of species richness with standard
the help of literatures mentioned above. The vouchefléviation was calculated. Mean species richness was
specimens were deposited at Tribhuvan Universitycalculated separately for the plots located in different land
Central Herbarium (TUCH), Kathmandu. use types. Sample plots were categorized into three groups

based on the species richness: dpecies, & species and
Distribution mapping: We used gibal positioning 68 species/25mplot. Plots of different categories were
system (GPS Model Garmin etrex 1@p record depicted in the map of Pokhara valley.
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Fig.1.Geographic location of Pokhara in Nepal.
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Results Chromolaena odoratawas reported from Pame and
international airpdr area. Eichhornia crassips, a
Invasive alien plant species in Pokharavalley:  wetland IAPs, was recorded mainly from Phewa and
Twenty invasive alien plant species (IAPs), Begnas lakes (Fig. 3). Another wetland IARspmoea
representing 77% of 26 IAPs present in Nepal, werearneasubspfistulosawasrecorded mostly along water
reported from Pokhara valley durinthe roadside canal in Lekhnath are&@alinsoga quadriradiatavas in
survey (Table 1). They belong t88 genera and 10 farmlands of Lamachour area.lantana camara a
families. Nearly half of the species (9 species)common noxious shrub, was found widespread in the
belonged todmily Asteraceae. Four of the 20 IARs.  valley (Fig. 3). Leersia hexandrawas reported from
Alternanthera philoxeroidgs Eichhornia crassipes, lakes and canals of the city. In Maidi lake, it forms thick
Ipomoea carneaubspfistulosaand Leersia hexandra carpet over the lake waterMimosa pudica was
were wetland species whereas the remaining 16 speciégquently faind in Lekhnath area.Parthenium
were terrestrial IAPs. Out of 20 IAP£. crassipes, hysterophoruscolonized builtup area of the valley. In
Lantana camara, Mikania micranthandChromolaena Lekhnath area, it was recorded from Gagangaunda.
odorataar e in the 1 UCNOGs | i sSpernadoce laRtlvasocommiorh id Buwdhibazasdr Gasd
worst invasive alien species (Lowe¢ al., 2000). Arghaun. Xanthium strumariumwas found around
bazaar area but rare inekhnath. Mesosphaerum
Frequency of the IAPs Among the IAPs recorded in suaveolenswas spotted at Bacchedubuwa near the
Pokhara valleyBidens pilosahad the highest frequency garbage dumping site of the Pokhara vakey Mikania
(>63%), followed byAgeratum houstonianuif1%) and  micrantha at Bachhedubuwa andamsite area near
Lantana camara(44%). Other species likeGalinsoga Raniban Similarly, Alternanthera philoxeroideswas
guadriradiata, Ipomoea carnea, Spermacoce alatafound at Khahare area of thed®tm lake.
Mesosphaerum suaveolens, Alternanthera philoxeroides
andMikania micranthahad <5% frequencyFig. 2) Species richnessSpecies richness varied across land use
types. Shrublandhad the highest species richness,
Distribution of 1APs: Maps of 20 IAPs in Pokhara fo|iowed by the fallow land and forest (Fig. 4). Grassland,
valley revealed thaBidens pilosavas widely distributed  nopirrigated farmland and irrigated farmland had similar

throughout the valley Appendix 1). Ageratina — gpacies richness. The lowest species richness was
adenophorawas sparsely distributed but present iN lacorded in residential and commercial areas.

almost every major locatiomgeratum conyzoidesas There vas also spatial variation in species richness of

reported from agricultural fields and it was also foundlAPs. Low species richness-8Lspecies/25plot) was

from built-up areasAgeratum houstonlanumas found observed in Phewa lakeside to Pame area GFign other
throughout the valleyAmaranthus spinosusas absent . . .
areas, plots with low species richness were found

in Lekhnath area but present in builp area of . .
Lakhanchowk and Bhimsenchowlidens pilosawas scattered along bazaar area. The plots With species
richness were confined to the bazaar area of

common in Lamachaur, Hemja, Bag&himsenchowk, ] ’
Budhibazaar, Taalchowk, Birauta and pame Lakhanchowk and Bhimsentole and the territory.
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Fig. 2.Frequency of differenhvasivealien plant species in the study area.
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Fig. 3. Distribution of four IAPs 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 IAPs richness across land use types.
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Appeddi i stribution of | APs in Pokhara Valley



