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

70% -

60% -

50% -

40% -

30% - OAliens
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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