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Abstract. Siwakoti EA, Nepali B, Mandal TN, Baniya CB. 2023. Species richness pattern of aquatic vascular macrophytes along 
elevation gradients in Nepal Himalayas. Biodiversitas 24: 6048-6058. Aquatic vascular macrophytes constitute an important component 
of aquatic ecosystems. This study aims to determine the species richness pattern of aquatic vascular macrophytes along elevation 
gradients (100-4900 m asl) in the Nepal Himalayas. We used available published literature on elevational ranges of aquatic vascular 
macrophytes in Nepal to interpolate the species elevational ranges, thereby providing species richness estimates for 100 m elevational 
bands. A total of 113 species of aquatic vascular macrophytes belonging to 66 genera under 35 families were recorded from Nepal. 

Among these macrophytes, dicots were represented by 21 families, monocots with 10 families and pteridophytes with 4 families. 
Regarding the geographical divisions, the total number of aquatic vascular macrophytes recorded was 76 from the east, 90 from the 
central and 67 from the west, conclusively central Nepal showed the maximum number of macrophytes. The highest species richness 
was contributed by Hydrocharitaceae followed by Potamogetonaceae, Plantaginaceae, Lentibulariaceae and Nymphaeaceae. So far, the 
functional types of macrophytes are concerned, free-floating species were 15, submerged species were 36, floating-leaved species were 
18 and emergent species were 44 along elevation gradients in the three geographical divisions in Nepal. The Generalized Linear Model 
(GLM) was applied to find out the relation between the species richness of aquatic vascular macrophytes with elevation. It showed a 
statistically significant monotonic declining pattern with increasing elevation. The occurrence of this model was further verified by 

aquatic vascular macrophyte richness at every 200 m elevation which converged with the general pattern. The study conducted along 
one of the world’s longest bioclimatic elevational gradients led to support the monotonic declining pattern of aquatic vascular 
macrophytes richness indicating the difference in richness pattern among aquatic and terrestrial ecosystems. It also emphasizes the 
importance of conserving aquatic ecosystems with their vegetation. 
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INTRODUCTION  

Species richness along elevation gradients has been 

recognized as a striking ecological phenomenon to explain 

the geographical variation in the distribution of organisms 

(Beck et al. 2017). Variations in species richness along 

elevational gradients have been documented for diverse 

plant groups and geographical areas (Bhattarai et al. 2014; 
Bhatta et al. 2018;  Liang et al. 2020; Dani et al. 2023; 

Umair et al. 2023). Species richness along elevational 

gradients follows three general patterns: a monotonic 

decrease in species richness with increasing elevation 

(Khatiwada et al. 2019; Di Musciano et al. 2021), linear 

increase (Nascimbene and Marini 2015; Kamimura et al. 

2017) and a unimodal pattern with mid-elevation peak (Li 

and Feng 2015; Rawat et al. 2021). Elevational gradient as 

the main determining factor for aquatic macrophytes 

richness has been studied in mountain areas such as the 

Pyrenees (Chappuis et al. 2011; Pulido et al. 2015), Spain 
(Fernández-Aláez et al. 2018) and Turkey (İkinci and 

Bayındır 2021). Moreover, elevation has also been shown 

as a strong influencing factor on aquatic macrophyte 

diversity irrespective of geographical area (Grimaldo et al. 

2016; Alahuhta et al. 2018; Murphy et al. 2019). On the 

other hand, elevation variation leads to a change in 

geography (Sun et al. 2019; Pandey et al. 2020), climate, 

and physico-chemistry of water (Fernández-Aláez et al. 

2018; Budhathoki et al. 2021; Chakravarty et al. 2021) and 

energy-related processes (O’Brien 2006; Vetaas et al. 
2019) that contribute to variation in shaping the species 

distribution and richness pattern. Aquatic macrophytes 

comprise “aquatic photosynthetic plants”, that include some 

macroalgae, Bryophyta, Pteridophyta and Spermatophyta. 

Based on their relationships to water level and substrate, 

aquatic macrophytes are grouped as free-floating, submerged, 

floating-leaved, and emergent  (Chambers et al. 2008). In 

the present study, we adopted  Cook (1996) to define 

aquatic macrophytes as restricted to Pteridophytes and 

Spermatophytes.  

Aquatic vascular macrophytes, the key components of 
aquatic ecosystems contribute to the structure and functions 

of aquatic ecosystems  (O’Hare et al. 2018) by altering the 

physicochemical features of the aquatic environment, 

nutrient cycling and biotic assemblages and interactions  
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(Thomaz et al. 2015; Gallardo et al. 2017; Dan et al. 2021).  

Hence, macrophytes are described as “bio-indicators” of 

the aquatic environment and are often regarded as 

“biological engineers” for their contribution to restoring 

water quality (Ansari et al. 2020). Moreover, freshwater 

ecosystems rich in macrophytes are recognized as nature’s 

kidneys (Ramachandra et al. 2018). Hence, the preservation 

of the aquatic macrophytes community in freshwater 

bodies is considered essential. Low-lying tropical water 

bodies characterized by average temperatures up to 30°C 
and less seasonal variation do not significantly affect 

macrophytes. In contrast, alpine systems where the mean 

average temperature reaches -20°C or even less, support 

only stress-tolerant species (Lacoul and Freedman 2006;  

Kraft et al. 2015; Kreyling et al. 2015). Further, limiting 

nutrient levels at higher-elevation water bodies represents 

decreased macrophytes richness (Pulido et al. 2015). 

Upland aquatic systems are more likely to suffer from 

exposure to global warming and associated climate change 

(Önol et al. 2014). Studying elevational gradients in terms 

of climate change becomes interestingly important because 
standard temperature decreases at the rate of 0.53°C at 

every 100 m elevation gradient in Nepal (Bhattarai et al. 

2004). Aquatic vascular macrophytes exhibit varying 

elevational ranges covering either a wide elevational 

gradient or are extremely restricted  (İkinci and Bayındır 

2021). In Nepal, only a few studies have addressed the 

elevational gradients affecting the aquatic vascular 

macrophytes (Lacoul 2004; Lacoul and Freedman 2006; 

Upadhyay et al. 2022). Documentation of elevational 

patterns of vascular macrophytes is of great concern to 

formulating conservation programs, especially in 
anthropogenically threatened and climate-affected aquatic 

ecosystems. The present research hypothesized a 

monotonically declining pattern of species richness for 

aquatic vascular macrophytes with increasing elevation. 

Relating to this hypothesis, the general objective was to 

assess the species richness pattern of aquatic vascular 

macrophytes along elevational gradients in three 

geographical divisions (east, central and west) of Nepal.  

MATERIALS AND METHODS  

The information for this study came from aquatic 

environments in Nepal ranging between 26°22' and 

30°27'N latitudes and 80°40' and 88°12'E longitudes. 

(Figure 1). The elevation of the country varies from 60 m 
asl in the southeastern Tarai to 8,848 m asl in the north at 

Mt. Everest, the highest peak in the world. Nepal is 

characterized by a monsoon climate, typical of South Asia 

(Stacey et al. 2023). Elevation is a complex environmental 

variable that caused almost 90% of the total variation in 

surface temperature in this region (Chalise et al. 2003).  

This study analyzed the species richness of aquatic vascular 

macrophytes along elevational gradients in three 

geographical divisions of Nepal. The elevational distribution 

of macrophytes in Nepal with their geographical divisions 

was derived from secondary literature such as (Shrestha 
and Upadhyay1999; Press et al. 2000; Sah et al. 2003; 

Niroula and Singh 2010; Sharma 2014; Rajbhandari and 

Rai 2017, 2019; Ghimire et al. 2020; Rajbhandari et al. 

2021, 2022; Shrestha et al. 2022). Literature on invasive 

alien plant species (IAPS) was reviewed by Tiwari et al. 

(2005); Siwakoti and Karki (2009); Shrestha (2016). 

Current and valid names were checked through The World 

Flora Online (WFO) Plant List (2023). WFO Plant List 

(2023).  

 

 

 
 
Figure 1. Map of Nepal showing locations of wetlands (•Ramsar sites only) 
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Aquatic vascular macrophytes are reported from the 

elevation range of 100-4900 m from Nepal. Elevation was 

divided equally into 48 bands each with 100 m asl 

intervals. The elevation range for each species reported in 

the literature was noted and interpolated at the 100 m asl 

band. For example, a species named Potamogeton perfoliatus 

L. reported its elevation range of distribution in the 

published literature as 2800-3400 m asl. During interpolation, 

this species was considered as distributed through all 2800, 

2900, 3000, 3100, 3200, 3300 to 3400 m asl. When a single 
elevation distribution point comes, that will be considered 

as a single 100 m. Likewise, all elevations below four, are 

considered as the lower limit after rounding and equal or 

above five is considered as the upper limit. For example, a 

species named Nymphaea nouchali Burm. f. was found 

dispersed between 160-250 m asl. As per the interpolation 

procedure, this species will occur between 200 to 300 m 

asl. This procedure of interpolation is similar to earlier 

studies (Bhattarai et al. 2014; Nepali et al. 2021). Species 

richness was measured by the species present at every 100 

m asl contour. Aquatic vascular macrophytes were categorized 
as free-floating, submerged, floating-leaved and emergent 

based on their functional identity in between substrate and 

water level (Chambers et al. 2008). In this study, the 

distribution of aquatic vascular macrophytes was looked at 

on a macroscale covering the entire elevational range 

within three geographical divisions namely, east, central 

and west Nepal. Rivers, streams, lakes, ponds, ditches, 

paddy fields and floodplains were considered the habitat of 

aquatic vascular macrophytes.  

Nomenclature 

The nomenclature for vascular macrophytes in this 
manuscript followed the data presented by the WFO Plant 

List (2023). 

Data analysis 

Aquatic vascular macrophyte richness is the discrete 

response variable. Thus residuals after regression with 

elevation follow a Poisson distribution that needs a 

logarithmic log link function (McCullagh and Nelder 

2019). This log link function is provided via the Generalized 

Linear Regression Model (GLM). The Regression models 

up to the second order were tested after using F-statistics. 

The best models were presented through graphics. All these 

analyses were performed through the R program (R Core 
Team 2022). 

RESULTS AND DISCUSSION 

Diversity of aquatic vascular macrophytes 

Altogether, 113 species of aquatic vascular macrophytes 

belonging to 66 genera under 35 families were recorded 

from our study sites in Nepal (Table 1). It contributes 

2.13% to the total 5309 flowering plant species of Nepal. 

Among them, dicots represented 55 species under 31 

genera and 21 families and monocots with 51 species under 

30 genera and 10 families representing almost equal dicot: 

monocot ratio (1.08). Aquatic pteridophytes represented by 

7 species under 5 genera and 4 families contribute to 1.27% 

of the total 550 species of Pteridophytes of Nepal. The 

highest species richness was contributed by Hydrocharitaceae 

(12 species under 7 genera) followed by Potamogetonaceae 

(12 species under 3 genera), Plantaginaceae (8 species 

under 4 genera), Lentibulariaceae (7 species under 1 genus) 

and Nymphaeaceae (7 species under 2 genera). Similarly, 

10 families among dicots and 2 families among monocots 

were represented by only a single species. Among 

pteridophytes, Salviniaceae represented the richest family (4 
species under 2 genera) while 3 families were represented 

by a single species. Species richness per genus was the 

highest in Potamogeton (9 species) followed by Utricularia 

(7 species) and Nymphaea (6 species). Likewise, 21 dicot, 

19 monocot and 3 pteridophyte genera were monospecific. 

Considering the ecological niche of recorded aquatic 

vascular macrophytes, free-floatings were 15, submerged 

were 36, floating-leaved were 18 and emergent were 44. 

Invasive alien aquatic vascular macrophytes represented by 

5 species (18.5%) of the total (27 species) recorded invasive 

alien plant species in Nepal (Shrestha and Shrestha 2021). 

Species richness of macrophytes along three 

geographical divisions of Nepal 

The total number of aquatic vascular macrophytes 

recorded from different geographical divisions: east, central, 

and west Nepal were 76, 90 and 67, respectively. Central 

Nepal showed a maximum number of macrophytes. The 

number of species confined only to the east, central and 

west were 10, 16 and 9, respectively. There were 42 

vascular macrophytes common among three geographical 

divisions of Nepal (Figure 2).   

The study revealed that the aquatic vascular macrophytes 
showed a monotonic declining pattern with increasing 

elevation. The maximum species richness occurred at the 

beginning of elevation i.e., 100 m asl (Figure 3, Table S1). 

The occurrence of this model was further verified by 

analyzing the same species richness at an interval of 200 m 

elevation. Total aquatic vascular macrophyte richness at 

every 200 m elevation also showed a similar significant 

richness pattern as 100 m elevation (Figure 3, Table S2).   

Species richness pattern of aquatic vascular macrophytes 

were further tested as per the geographical divisions in 

Nepal. In all three geographical divisions, macrophytes 

richness was found almost similar monotonic declining 
pattern with elevation (Figure 4 Tables S3, S4, S5). The 

study revealed 4900 m asl as the highest and 100 m asl as 

the lowest recorded elevational zones of occurrence of 

aquatic vascular macrophytes in Nepal. Ranunculus 

trichophyllus Chaix (Ranunculaceae) represented the 

species that occurred at the highest elevation (2800-4900 m 

asl) in east, central and west (ECW) Nepal while Hygrophila 

difformis (L.f.) Blume, Echinochloa picta (J. Koenig) 

P.W.Michael and Salvinia molesta D.Mitch. were confined 

to the lowest elevation. The species with a wider range of 

distribution from the lowest elevational point in all the 
geographic zones were Lemna perpusilla Torr., Najas 

gramineae Delile, P. nodosus Poir. and Stuckenia pectinata 

(L.) Borner while Callitriche palustris L. showed their 

widespread occurrence above 2000 m asl. 
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Table 1. List of aquatic vascular macrophytes in Nepal's east, central and west geographical divisions 
 

Family 
Spermatophytes:  

Dicot species 
Functional 
types (a) 

Geographical 
divisions (b) 

Elevation 
(m asl) 

References 

 
Spermatophytes: Dicot species 

    

Acanthaceae Hygrophila difformis (L.f.) Blume E ECW 100-200 Ghimire et al. 2020 
Acanthaceae Hygrophila polysperma T.Anderson E ECW 100-1200 Rajbhandari et al. 2022 
Acanthaceae Hygrophila auriculata (Schumach.) Heine E ECW 72-700 Niroula and Singh 2010; 

Rajbhandari et al. 2022 
Asteraceae Caesulia axillaris Roxb. E ECW 100-1500 Shrestha et al. 2022 
Asteraceae Cyathocline purpurea Kuntze E ECW 600-1800 Sharma 2014 
Asteraceae Enydra fluctans Lour. E ECW 100-1700 Ghimire et al. 2020 
Brassicaceae Nasturtium officinale R.Br. E ECW 900-3800 Rajbhandari and Rai 2019 
Plantaginaceae Callitriche palustris L. FL ECW 2300-4200 Sharma 2014 
Plantaginaceae Callitriche stagnalis Scop. FL ECW 1800-3000 Sharma 2014 
Ceratophyllaceae Ceratophyllum demersum L. S ECW 80-1700 Ghimire et al. 2020 
Convolvulaceae Ipomoea aquatica Forssk. E ECW 70-280 Rajbhandari and Rai 2019 
Lentibulariaceae Utricularia aurea Lour. S ECW 72-1400 Niroula and Singh 2010; 

Rajbhandari et al. 2022 
Lentibulariaceae Utricularia scandens Benj. S ECW 1000-3700 Rajbhandari et al. 2022 
Nelumbonaceae Nelumbo nucifera Gaertn. FL ECW 90-800 Ghimire et al. 2020 
Onagraceae Ludwigia adescendens (L.) H.Hara E ECW 100-600 Rajbhandari and Rai 2019 
Podostemaceae Hydrobryum griffithii Tul. S ECW 1000-2000 Ghimire et al. 2020 
Ranunculaceae Ranunculus trichophyllus Chaix S ECW 2800-4900 Sharma 2014 
Amaranthaceae *Alternanthera philoxeroides (Mart.) Griseb. E EC 72-1310 Niroula and Singh 2010; 

Sharma 2014 
Apocynaceae Oxystelma esculentum (L.f.) Sm. E EC 72-200 Niroula and Singh 2010; 

Sharma 2014 
Asteraceae Cotula hemisphaerica (Roxb.) Wall.ex 

Benth. & Hook.f. 
E EC 1400-1800 Sharma 2014; Ghimire et 

al. 2020 
Lentibulariaceae Utricularia bifida L. S EC 350-1300 Ghimire et al. 2020 
Lentibulariaceae Utricularia gibba L. S EC 100-1600 Ghimire et al. 2020 
Lythraceae Rotala indica (Willd.) Koehne E EC 100-1500 Ghimire et al. 2020; 

Rajbhandari and Rai 2019 
Lythraceae Rotala mexicana Cham. & Schltdl. E EC 200-1400 Sharma 2014; Ghimire et 

al. 2020 
Lythraceae Trapa natans L. FL EC 72-800 Ghimire et al. 2020; 

Sharma  2014 
Plantaginaceae Dopatrium junceum (Roxb.) Buch.-

Ham.ex Benth. 
E EC 200-1400 Rajbhandari et al. 2022 

Plantaginaceae Limnophila indica (L.) Druce E EC 200-2300 Rajbhandari et al. 2022 
Plantaginaceae Limnophila rugosa (Roth) Merr. E EC 115-900 Ghimire et al. 2020 
Plantaginaceae Limnophila sessiliflora (Vahl) Blume E EC 150-600 Sharma 2014 
Sphenocleaceae Sphenoclea zeylanica Gaertn. E EW 200-600 Shrestha et al. 2022 
Amaranthaceae Centrostachys aquatica (R.Br.)  Moq. E E 200 Rajbhandari et al. 2021 
Cabombaceae Cabomba aquatica Aubl. S E 115 Ghimire et al. 2020 
Menyanthaceae Nymphoides hydrophylla  (Lour.) Kuntze FF E 72-600 Niroula and Singh 2010; 

Sharma 2014 
Nymphaeaceae Euryale ferox Salisb. FL E 100-500 Sharma 2014 
Nymphaeaceae Nymphaea odorata Aiton FL E 1600 Ghimire et al. 2020 
Nymphaeaceae Nymphaea rubra Roxb.ex Andrews FL E 300 Sharma 2014 
Lentibulariaceae Utricularia australis R.Br. S CW 2300-3800 Ghimire et al. 2020 
Nymphaeaceae Nymphaea nouchali Burm.f. FL CW 150-250 Rajbhandari and Rai 2017 
Nymphaeaceae Nymphaea tetragona Georgi FL CW 100-300 Ghimire et al. 2020 
Plantaginaceae Hippuris vulgaris L. E CW 2850-4700 Sharma 2014 
Polygonaceae Persicaria amphibia (L.) Delarbre FL CW 2900-3800 Rajbhandari et al. 2021 
Ranunculaceae Ranunculus  natans C.A.Mey E CW 2600-3800 Rajbhandari and Rai 

2017; Sharma 2014 
Acanthaceae Hygrophila salicifolia (Vahl) Nees E C 200-250 Sharma 2014 
Ceratophyllaceae Ceratophyllum submersum L. S C 183 Ghimire et al. 2020 
Haloragaceae *Myriophyllum aquaticum (Vell.) Verdc. FL C 1350 Ghimire et al. 2020 
Lentibulariaceae Utricularia minor L. S C 3000-4300 Sharma 2014; Press et al. 

2000 
Menyanthaceae Nymphoides indica (L.) Kuntze FF C 100-1500 Shrestha et al. 2022; 
Nymphaeaceae Nymphaea alba L. FL C 200-800 Ghimire et al. 2020 
Plantaginaceae Limnophila heterophylla (Roxb.) Benth. E C 115-200 Ghimire et al. 2020; 

Rajbhandari et al. 2022 
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Ranunculaceae Ranunculus flavidus (Hand.-Mazz) C.D.Cook E C 2600-4000 Rajbhandari and Rai 2017 
Elatinaceae Elatine triandra Schkuhr E W 2300 Ghimire et al. 2020 
Haloragaceae Myriophyllum spicatum L. S W 3000-4000 Ghimire et al. 2020; 
Lentibulariaceae Utricularia stellaris L.f. S W 200 Ghimire et al. 2020 
Menyanthaceae Menyanthes trifoliata L. E W 2850–2900 Ghimire et al. 2020; 

Sharma 2014 
Nymphaeaceae Nymphaea pubescens Willd. FL W 160-300 Rajbhandari and Rai 

2017; Sharma 2014 
      

Spermatophytes: Monocot species     
Alismataceae Butomopsis latifolia (D.Don) Kunth E ECW 150-600 Ghimire et al. 2020 
Alismataceae Sagittaria guyanensis Kunth FL ECW 100-1300 Ghimire et al. 2020 
Alismataceae Sagittaria trifolia L. E ECW 115-800 Ghimire et al. 2020 
Araceae Lemna perpusilla Torr. FF ECW 72-2700 Ghimire et al. 2020 
Araceae *Pistia stratiotes L. FF ECW 60-600 Sharma  2014 
Araceae Spirodela polyrhiza (L.) Schleid. FF ECW 65-1500 Ghimire et al. 2020 
Cyperaceae   Cyperus compactus Retz. E ECW 150-300 Rajbhandari and Rai 2017 
Hydrocharitaceae Blyxa echinosperma Hook.f. S ECW 700-2000 Ghimire et al. 2020 
Hydrocharitaceae Hydrilla verticillata (Roxb.) Royle S ECW 100-1600 Shrestha et al. 2022 
Hydrocharitaceae Najas graminea Delile S ECW 100-2700 Ghimire et al. 2020  
Hydrocharitaceae Ottelia alismoides (L.) Pers. S ECW 72-270 Niroula and Singh 2010; 

Sharma 2014; 
Rajbhandari and Rai 2017 

Hydrocharitaceae Vallisneria natans (Lour.) Hara S ECW 72-1300 Niroula and Singh 2010; 
Ghimire et al. 2020 

Poaceae Echinochloa picta (J.Koenig) P.W.Michael E ECW 150-200 Ghimire et al. 2020 
Poaceae *Leersia hexandra Sw. E ECW 250-1600 Sharma 2014 
Poaceae Panicum paludosum Roxb. E ECW 200-1100 Sharma 2014 
Pontederiaceae *Pontederia crassipes Mart. FF ECW 75-1500 Ghimire et al. 2020  
Pontederiaceae Pontederia vaginalis Burma.f. E ECW 150-1800 Sharma  2014 
Potamogetonaceae Potamogeton crispus L. S ECW 100-2000 Rajbhandari and Rai 2017 
Potamogetonaceae Potamogeton nodosus Poir. FL ECW 115-3000 Ghimire et al. 2020 
Potamogetonaceae Stuckenia pectinata (L.) Borner S ECW 100-3000 Niroula and Singh 2010; 

Ghimire et al. 2020 
Potamogetonaceae Zannichellia palustris L.  S ECW 100-1100 Ghimire et al. 2020 
Typhaceae Typha angustifolia L.  E ECW 72-300 Ghimire et al. 2020 
Alismataceae Caldesia parnassifolia (L.) Parl. E EC 700 Ghimire et al. 2020 
Araceae Wolffia globosa (Roxb.) Hartog & Plas FF EC 1300-1400 Rajbhandari and Rai 

2017; Sharma 2014 
Hydrocharitaceae Blyxa japonica Maxim. ex Asch. & Gürke S EC 115-800 Ghimire et al. 2020 
Hydrocharitaceae Hydrocharis dubia Backer FF EC 115-300 Ghimire et al. 2020 
Hydrocharitaceae Hydrocharis morsus-ranae L. FF EC 115-2500 Ghimire et al. 2020 
Poaceae Hygroryza aristata Nees  FF EC 80-200 Rajbhandari and Rai 2017 
Poaceae Hymenachne amplexicaulis Nees E EC 200-1400 Sharma 2014 
Pontederiaceae Pontederia hastata L.  E EC 80-220 Sharma 2014 
Aponogetonaceae Aponogeton appendiculatus H.Bruggen FL EW 115-225 Ghimire et al. 2020;  Sah 

et al. 2003 
Potamogetonaceae Potamogeton lucens L. S EW 200-3000 Rajbhandari and Rai 2017 
Typhaceae Typha elephantina Roxb. E EW 80-300 Rajbhandari and Rai 2017 
Aponogetonaceae Aponogeton natans Engl. & K.Krause FL E 100-200 Ghimire et al. 2020 
Hydrocharitaceae Blyxa aubertii Rich. S E 180-1200 Press et al. 2000 
Hydrocharitaceae Nechamandra alternifolia Thwaites  S CW 600-900 Ghimire et al. 2020 
Poaceae Oryza rufipogon Griff. E CW 100-890 Ghimire et al. 2020;  

Shrestha and Upadhyay 
1999 

Potamogetonaceae Potamogeton distinctus A.Benn. S CW 900-2900 Sharma 2014 
Potamogetonaceae Potamogeton natans L. S CW 200-4440 Ghimire et al. 2020 
Potamogetonaceae Potamogeton pusillus L. S CW 2100-3000 Ghimire et al. 2020 
Potamogetonaceae Stuckenia filiformis (Pers.) Börner S CW 2000-4700 Ghimire et al. 2020 
Alismataceae Alisma plantago-aquatica L. E C 200-1000 Ghimire et al. 2020 
Eriocaulaceae Eriocaulon nepalense var. luzulifolium 

(Mart.) Praj. & J.Parn 
E C 1300-1400 Rajbhandari and Rai 2017 

Hydrocharitaceae Najas minor All. S C 700-1700 Ghimire et al. 2020;  
Potamogetonaceae Potamogeton berchtoldii Fieber S C 800 Ghimire et al. 2020 
Potamogetonaceae Potamogeton octandrus Poir. FL C 700-1000 Ghimire et al. 2020; Press 

et al. 2000  
Potamogetonaceae Potamogeton perfoliatus L. S C 2800-3400 Rajbhandari and Rai 2017 
Aponogetonaceae Aponogeton crispus Thunb. S W 225 Sah et al. 2003  
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Aponogetonaceae Aponogeton undulatus Roxb. S W 80-200 Ghimire et al. 2020 
Araceae Lemna minor L. FF W 2000-3000 Rajbhandari and Rai 2017 
Hydrocharitaceae Vallisneria spiralis L. S W 100-200 Ghimire et al. 2020 
      

Pteridophytes      
Marsileaceae Marsilea minuta L. E ECW 58-700 Sharma 2014 
Salviniaceae  Azolla pinnata R.Br. FF ECW 60-1700 Sharma 2014 
Salviniaceae  Salvinia molesta D.Mitch. FF ECW 90-200 Sharma 2014 
Isoetaceae Calamaria coromandelina (L.f.) Kuntze E E 120 Sharma 2014 
Salviniaceae  Salvinia natans L. All. FF E 100-1600 Ghimire et al. 2020 
Polypodiaceae Leptochilus pteropus (Blume) Fraser-Jenk. 

Subsp. Pteropus 
S C 450 Ghimire et al. 2020 

Salviniaceae  Azolla filiculoides Lam. FF C 58-1300 Sharma 2014 

Note: ªFunctional types- FF: free-floating, S: submerged, FL: floating-leaved, E: emergent, ᵇGeographical divisions- E: East Nepal, C: 
Central Nepal, W: West Nepal, *Invasive alien aquatic vascular macrophytes 

  

 
Table S1. Regression analysis of vascular macrophyte species 
richness along each 100 m elevation in Nepal 
 

 Species richness 
 normal glm: quasipoisson 

link = log 

 Null Linear first 

order 
Linear second 

order 

Constant 23.47∗∗∗ 4.28∗∗∗ 2.84∗∗∗ 
elev (2.65) (0.05) 

−0.001∗∗∗ 
(0.0000) 

(0.04) 
 

(elev, 2)1   −5.84∗∗∗ 
(0.32) 

(elev, 2)2   −0.23 
(0.25) 

Observations 49 49 49 
Log Likelihood -213.14   
Akaike Inf. Crit. 
Residual Deviance 

428.28 
16,526.20  
(df = 48) 

 
50.43  

(df = 47) 

 
49.55  

(df = 46) 
Null Deviance  
(df = 48) 

16,526.20 681.57 681.57 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 

 

 
Table S2. Regression analysis of vascular macrophyte species 
richness along 200 m elevation in Nepal 
 

 Species richness 
 normal glm: quasipoisson 

link = log 

 Null Linear first 

order 
Linear second 

order 

Constant 23.16∗∗∗ 4.24∗∗∗ 2.81∗∗∗ 
elev (3.67) (0.07) 

−0.001∗∗∗ 
(0.0000) 

(0.06) 
 

(elev, 2)1   −4.31∗∗∗ 
(0.33) 

(elev, 2)2   −0.31 
(0.26) 

Observations 25 25 25 
Log Likelihood -108.71   
Akaike Inf. Crit. 

Residual Deviance 

219.41 

8,083.36  
(df = 24) 

 

25.39  
(df = 23) 

 

23.82  
(df = 22) 

Null Deviance  
(df = 24) 

8,083.36 345.79 345.79 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 

Table S3. Regression analysis of vascular macrophyte species 
richness along elevation in Central Nepal 
 

 Species richness 
 normal glm: quasipoisson 

link = log 

 Null Linear first 

order 
Linear second 

order 

Constant 21.10∗∗∗ 4.15∗∗∗ 2.74∗∗∗ 
elev (2.32) (0.05) 

−0.001∗∗∗ 
(0.0000) 

(0.04) 
 

(elev, 2)1   −5.76∗∗∗ 
(0.32) 

(elev, 2)2   −0.33 
(0.25) 

Observations 49 49 49 
Log Likelihood -206.65   
Akaike Inf. Crit. 
Residual Deviance 

415.29 
12,678.49  
(df = 48) 

 
47.10  

(df = 47) 

 
45.45  

(df = 46) 
Null Deviance  
(df = 48) 

12,678.49 589.30 589.30 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 
 

 
Table S4. Regression analysis of vascular macrophyte species 
richness along elevation in West Nepal 
 

 Species richness 
 normal glm: quasipoisson 

link = log 

 Null Linear first 

order 
Linear second 

order 

Constant 16.59∗∗∗ 3.76∗∗∗ 2.58∗∗∗ 
elev (1.52) (0.05) 

−0.0005∗∗∗ 
(0.0000) 

(0.04) 
 

(elev, 2)1  −4.94∗∗∗ 
(0.28) 

 
 

(elev, 2)2   −0.61∗∗ 
(0.23) 

Observations 49 49 49 
Log Likelihood -186.00   
Akaike Inf. Crit. 
Residual Deviance 

373.99 
5,457.84  
(df = 48) 

 
35.24  

(df = 47) 

 
30.51  

(df = 46) 

Null Deviance  
(df = 48) 

5,457.84 341.69 341.69 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 
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Table S5. Regression analysis of vascular macrophyte species 
richness along elevation in East Nepal 

 

 Species richness 
 normal glm: quasipoisson 

link = log 

 Null Linear first 

order 
Linear second 

order 

Constant 17.04∗∗∗ 4.28∗∗∗ 2.14∗∗∗ 
elev (2.47) (0.04) 

−0.001∗∗∗ 
(0.0000) 

(0.04) 
 

(elev, 2)1   −9.37∗∗∗ 
(0.33) 

(elev, 2)2   −1.19∗∗∗ 
(0.21) 

Observations 49 49 49 
Log Likelihood -209.62   
Akaike Inf. Crit. 
Residual 
Deviance 

421.24 
14,315.92  
(df = 48) 

 
26.71  

(df = 47) 

 
15.51  

(df = 46) 
Null Deviance  
(df = 48) 

14,315.92 819.95 819.95 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 

 

 

 

 
 

Figure 2. Venn diagram of total aquatic vascular macrophytes 
species in three geographical divisions, east, central and west of 
Nepal 

 

    

  
A B 

Figure 3. Aquatic vascular macrophytes richness pattern in Nepal. A. 100 m elevation range. The fitted line was the statistically 
significant model after glm regression. B. 200 m elevation range. The fitted line was the statistically significant model after glm 

regression 

 
 

 
A B C 

Figure 4. Macrophytes richness pattern along elevation in three geographical divisions of Nepal. A. East Nepal, the fitted line is a 
statistically significant model after glm regression. B. Central Nepal, the fitted line is the statistically significant model after glm 
regression. C. West Nepal, the fitted line is a statistically significant model after glm regression 
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Considering the geographical distribution in east Nepal, 

Calamaria coromandelina (L.f.) Kuntze and Cabomba 

aquatica Aubl. represented as exclusively the lowermost 

elevation species. Centrostachys aquatica (R.Br.) Moq., 

Aponogeton natans Engl. & K. Krause and N. rubra 

Roxb.ex Andrews also showed their restrictions to lower 

elevation belt while N. odorata Aiton represented the 

highest elevation point. Blyxa aubertii Rich. and S. natans 

L. All. showed a wider range of elevational distribution. In 

central Nepal, Limnophila heterophylla (Roxb.) Benth. and 
Ceratophyllum submersum L. were associated with the 

lowest elevation while Utricularia minor L. and R. flavidus 

(Hand.-Mazz) C.D.Cook showed a wider range of 

distribution at higher elevations. Azolla filiculoides Lam. 

also showed a wider distributional range from low to high 

elevation. C. submersum, Leptochilus pteropus (Blume) 

Fraser-Jenk. subsp. pteropus, P. berchtoldii Fieber and 

Myriophyllum aquaticum (Vell.) Verdc. represented restricted 

occurrence at low and high elevations respectively. West 

Nepal, hosts A. undulatus Roxb. and Vallisneria spiralis L. 

found as the lowest altitude species. A. crispus Thunb. and 
U. stellaris L.f. showed restrictions exclusively to low 

altitude while Elatine triandra Schkuhr and Menyanthes 

trifoliata L. represented their restrictions to high altitude. L. 

minor L. and M.  spicatum L. showed their preference over 

a wide range at higher altitudes. Invasive alien aquatic 

vascular macrophytes recorded in this study showed 

heterogenous elevational ranges from 100-1700 m asl. C. 

demersum L., Pontederia crassipes Mart, Leersia hexandra 

Sw. and Pistia stratiotes L. being common to east, central 

and west Nepal showed their invasion from low to high 

altitude. M. aquaticum  restricted to central Nepal was 
found at 1400 m asl while Alternanthera philoxeroides 

(Mart.) Griseb. common to east and central Nepal showed 

its maximum limit to up to 1300 m asl.  

Species richness pattern along elevational gradients in 

Nepal 

Nepal could be considered rich in aquatic macrophytes 

diversity as the wetlands harbored 2.13% of the country’s 

total 5309 flowering plants as reported by Rajbhandari and 

Rai (2017). The present study has been undertaken to 

compile information regarding the effect of elevational 

gradients on the richness pattern of aquatic vascular 

macrophytes. Similarly, aquatic Pteridophytes contribute to 
1.27% of the country’s total 550 Pteridophytes species 

(Kandel and Jenkins 2020). Furthermore, when compared 

to outside Nepal, aquatic vascular macrophytes accounted 

for 24.04 % of the macrophytes (470) reported from the 

Indian subcontinent (Cook 1996) and 3.26 % of the global 

(3457) aquatic vascular macrophytes (Murphy et al. 2020). 

A total of 113 species of aquatic vascular macrophytes are 

reported from Nepal along the elevational gradient of 100-

4900 m asl which is almost similar to the report from 

Catalonia of the Mediterranean area (120 species) along the 

elevational gradient of 0 to 3000 m asl (Chappuis et al. 
2011). Similarly, the highest values in the lowest elevational 

range (0-250 m asl) are also comparable with Catalonia. 

The wetlands of Nepal seem to be at matured stage as the 

ratio of dicot: monocot macrophytes is 1.07. So far the 

strength of the macrophytes family is concerned 

Hydrocharitaceae (12 species and 7 genera) and 

Potamogetonaceae (12 species and 3 genera each) are the 

largest aquatic families occurring at an elevation range of 

100-2700 m and 100-4700 m asl respectively. 

Potamogetonaceae was also recorded as the family with 

greater macrophytes species in the Palaearctic (Murphy et 

al. 2020). This study showed a general trend of a 

monotonic declining pattern of species richness along 

elevation, with the highest level of species richness at 
lower elevations in all geographical regions of Nepal. It 

contradicts the unimodal (Bhatta et al. 2018; Pandey et al. 

2020; Nepali et al. 2021) and linear increase (Kamimura et 

al. 2017) in richness patterns observed for vascular plants 

of terrestrial habitat This showed that species richness 

pattern along elevational gradients differed among taxonomic 

groups of aquatic and terrestrial ecosystems. 

Occurrence of the high level of species richness in the 

lowland wetlands and decrease with increasing elevation 

matched with the previous observations (Lacoul and 

Freedman 2006; Pulido et al. 2015). Ambient bioclimatic 
conditions, high temperature and eutrophic nature of water 

bodies at lower altitudes in Nepal might have led to the 

high richness of aquatic vascular macrophytes in the 

region. On the other hand, environmental stress associated 

with the decreased temperature with the estimated lapse 

rate of about 0.53°C at every 100 m along elevation 

gradients constitutes an oligotrophic state of water bodies 

at higher elevations where only variation in nutrient 

concentration causes the decrease in species richness 

(Bhattarai et al. 2004; Lacoul and Freedman 2006; 

Fernández-Aláez et al. 2018). Similarly, a decreasing trend 
of aquatic macrophytes species was also reported in the 

studies of high mountain lakes of Pyrenees (Pulido et al. 

2015). Optimum energy increases photosynthesis leading 

to higher biological activity and a consequent increase in 

species richness (O’Brien 2006). The maximum richness of 

aquatic vascular macrophytes at 100 m asl may thus be due 

to the availability of optimum energy at this elevation 

creating favorable conditions for many aquatic vascular 

macrophytes. Limited invasions of alien aquatic vascular 

macrophytes at higher altitudes might be attributed to 

nutrient-poor habitats, and environmental stress (Zefferman 

et al. 2015; Guo et al. 2017). They may appear at high 
altitudes in the near future as the Dark Diversity hypothesis 

suggests by Partel et al. (2011). So far the invasive species 

is concerned, invasive alien plant species richness in lower 

elevation showed a linear decrease in their richness with 

the elevation increase had also been reported from Nepal 

(Siwakoti et al. 2016).  

Factors influencing species richness along the 

elevational gradient in Nepal 

The factors that influence the species richness may 

differ among different taxa. Also, a combination of factors 

may explain the diversity within and among taxa. 
Therefore, multiple hypotheses have been proposed to 

explain the patterns in species richness. “Water-energy 

hypothesis”, is one of the most significant hypotheses in 

defining species richness patterns based on the relationship 
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of available water and energy to the plants along elevation 

gradients. It states that the richness of species diversity is 

directly related to the available water and energy in the area 

(O’Brien 2006; Liang et al. 2020). At lower elevations, the 

availability of significant water and energy favors the 

species diversity (Li and Feng 2015). Other hypotheses 

included the “physical tolerance hypothesis” which proposes 

that extreme physiological stresses associated with severe 

climatic extremes can explain the species richness pattern 

(Currie et al. 2004; Kreyling et al. 2015). Further, the 
findings of the present study differ from “Rapoport’s 

elevational rule” which suggests a positive correlation 

between elevation and the elevational range of species. It 

explains the tolerance of high altitude species over a wide 

range of climatic conditions leads to more species around 

the range edges called a ‘Rescue effect’ (Steven 1992). 

Aquatic vascular macrophytes are highly sensitive groups 

of biodiversity. They are predominantly herbaceous 

annuals growing in water-saturated conditions. Hence, the 

patterns of their richness along elevational gradients may 

not be congruent with the amphibious and terrestrial plant 
taxa studied so far in Nepal. However, the “Species-energy 

hypothesis” states that the available energy regulates the 

geographical gradients of biodiversity by controlling 

population size, extinction rate, food resources and habitats 

(Li and Feng 2015). “Species-energy hypothesis” fits best 

to explain variations of aquatic vascular macrophytes 

species richness suggesting that a wider range of species 

can be found in habitats with greater energy accessibility. 

In our study, the highest species richness at lower altitudes 

with the warmest climate may be due to the high levels of 

energy availability as those reported in the studies of 
(Vetaas et al. 2019). Further, the widespread occurrence of 

C. palustris and S. pectinata matched with the results of 

(Chambers et al. 2008; İkinci and Bayındır 2021).  

Elevation has also been used to categorize study areas 

into lowland and upland groups (Sun et al. 2019). Elevation 

gradient correspondingly varies potent climatic factors like 

concentration of temperature, nutrient availability and 

length of growing season. With increasing elevation, the 

temperature decreases while solar radiation and precipitation 

increase. A general trend of decrease in freshwater 

macrophyte species with increasing elevation is attributed 

to lower temperatures and reduced length of growing 
season  (Jones et al. 2003). Cold and harsh temperatures 

with short growing seasons which act as filtering agents for 

species distribution might also be the reason for low 

species richness in high-altitude freshwater ecosystems 

(Kraft et al. 2015). Among the three geographical regions, 

central Nepal harbors the maximum species richness of 

aquatic vascular macrophytes followed by east and west 

Nepal. The lowest richness of aquatic vascular macrophytes in 

west Nepal is in congruence with that of native and 

invasive plant species richness (Bhattarai et al. 2014). 

Maximum species richness at the lowermost elevation in all 
three geographical regions: east, central and west might be 

supported by a combined effect of biological, climatic and 

anthropogenic factors (Tanalgo et al. 2015; Budhathoki et 

al. 2021; Chakravarty et al. 2021; Stefanidis et al. 2021). 

This study documents the species richness pattern of 

aquatic vascular macrophytes along elevational gradients in 

three geographical divisions in Nepal. Review results 

showed a good collection of aquatic macrophytes which 

were maximum at lower elevational zones in all three 

geographical divisions of Nepal. As the elevation increases, 

species richness decreases linearly which might be due to 

low nutrients in high-altitude oligotrophic systems. 

Moreover, cold temperatures with short growing seasons 

might also be the reason for the low species richness at 
high altitudes. R. trichophyllus represented the highest 

elevation species while H. difformis, Echinochloa picta and 

S. molesta occupied the lowest elevations. L. perpusilla, N. 

gramineae, P. nodosus and S. pectinata ranged widely 

from the lowest elevations in all geographic divisions while 

the distribution of C. pallustris was widespread above 2000 

m asl. It is expected that the researchers interested in 

exploring more about aquatic vascular macrophytes from 

broader perspectives can take the review as a reference.  

ACKNOWLEDGEMENTS 

We would like to thank the efforts made by concerned 
authorities to prepare and provide us with the published 

data on the distribution of Nepalese flora and make it 

accessible through both the hardcopy and online versions. 

We acknowledge the contributors, authors and Governmental 

personnel who made the publication of such valuable books 

providing elevational distribution and habitat of vascular 

macrophytes. We are thankful to Mr Milan Kharel and 

Asmit Subba for preparing the Map of Nepal. This research 

has no conflict of interest. 

REFERENCES 

 Alahuhta J, Lindholm M, Bove CP, Chappuis E, Clayton J, Winton M de, 

Feldmann T, Ecke F, Gacia E, Grillas P. 2018. Global patterns in the 

metacommunity structuring of lake macrophytes: Regional variations 

and driving factors. Oecologia 188: 1167-1182. DOI: 

10.1007/s00442-018-4294-0. 

Ansari AA, Naeem M, Gill SS, Alzuaibr FM. 2020. Phytoremediation of 

contaminated waters. Egypt J Aquat Res 46 (4): 371-376. DOI: 

10.1016/j.ejar.2020.03.002. 

 Beck J, McCain CM, Axmacher JC, Ashton LA, Bärtschi F, Brehm G, 

Choi SW, Cizek O, Colwell RK, Fiedler K. 2017. Elevational species 

richness gradients in a hyperdiverse insect taxon: A global meta-study 

on geometrid moths. Glob Ecol Biogeogr 26 (4): 412-424. DOI: 

10.1111/geb.12548. 

Bhatta KP, Grytnes JA, Vetaas OR. 2018. Scale sensitivity of the 

relationship between alpha and gamma diversity along an alpine 

elevation gradient in central Nepal. J Biogeogr 45 (4): 804-814. DOI: 

10.1111/jbi.13188. 

Bhattarai KR, Måren IE, Subedi SC. 2014. Biodiversity and invasibility: 

Distribution patterns of invasive plant species in the Himalayas, 

Nepal. J Mt Sci 11 (3): 688-696. DOI: 10.1007/s11629-013-2821-3. 

Bhattarai KR, Vetaas OR, Grytnes JA. 2004. Fern species richness along a 

central Himalayan elevational gradient, Nepal. J Biogeogr 31 (3): 

389-400. DOI: 10.1046/j.0305-0270.2003.01013.x. 

Budhathoki A, Babel MS, Shrestha S, Meon G, Kamalamma AG. 2021. 

Climate change impact on water balance and hydrological extremes in 

different physiographic regions of the West Seti River Basin, Nepal. 

Ecohydrol Hydrobiol 21: 79-95. DOI: 10.1016/j.ecohyd.2020.07.001.  

Chakravarty R, Mohan R, Voigt CC, Krishnan A, Radchuk V. 2021. The 

functional diversity of Himalayan bat communities declines at high 



SIWAKOTI et al. – Aquatic vascular macrophytes in Nepal 

 

6057 

elevations without the loss of phylogenetic diversity. Sci Rep11 (1): 

22566. DOI: 10.1038/s41598-021-01939-3. 

Chalise SR, Kansakar SR, Rees G, Croker K., Zaidman M. 2003. 

Management of water resources and low-flow estimation for the 

Himalayan basins of Nepal. J Hydrol 282 (1): 25-35. DOI: 

10.1016/S0022- 1694(03)00250-6.      

Chambers PA, Lacoul P, Murphy KJ, Thomaz SM.  2008. Global 

diversity of aquatic macrophytes in freshwater. Hydrobiologia 595 

(1): 9-26. DOI: 10.1007/s10750-007-9154-6. 

Chappuis E, Gacia E, Ballesteros E. 2011. Changes in aquatic macrophyte 

flora over the last century in Catalan water bodies (NE Spain). 

Aquat Bot 95 (4): 268-277. DOI: 10.1016/j.aquabot.2011.08.006. 

Cook CDK. 1996. Aquatic and Wetland Plants of India. Oxford 

University Press, New York. 

Currie DJ, Mittelbach GG, Cornell HV, Field R, Guégan J-F, Hawkins 

BA, Kaufman D M, Kerr JT, Oberdorff T, O’Brien E. 2004. 

Predictions and tests of climate-based hypotheses of broad-scale 

variation in taxonomic richness. Ecol Lett 7 (12): 1121-1134. DOI: 

10.1111/j.1461-0248.2004.00671.x. 

Dan Z, Chuan W, Qiaohong Z, Xingzhong Y. 2021. Sediment nitrogen 

cycling influenced by submerged macrophytes growing in winter. 

Water Sci Technol 83 (7): 1728-1738. DOI: 10.2166/wst.2021.081.       

Dani RS, Divakar PK, Baniya CB. 2023. Diversity and composition of 

plant species along an elevational gradient: research trends. Biodivers 

Conserv 32 (8): 2961-2980. DOI: 10.1007/s10531-023-02638-3. 

Di Musciano M, Zannini P, Ferrara C, Spina L, Nascimbene J, Vetaas OR, 

Bhatta KP, d’Agostino M, Peruzzi L, Carta A, Chiarucci A. 2021. 

Investigating elevational gradients of species richness in a 

Mediterranean plant hotspot using a published flora. Front Biogeogr 

13 (3): e50007. DOI: 10.21425/F5FBG50007. 

Fernández-Aláez, Fernández-Aláez CM, García-Criado, García-Girón J. 

2018. Environmental drivers of aquatic macrophyte assemblages in 

ponds along an altitudinal gradient. Hydrobiologia 812 (1): 79-98. 

DOI: 10.1007/s10750-016-2832-5. 

Gallardo, LI, Carnevali RP, Porcel EA, Poi ASG. 2017. Does the effect of 

aquatic plant types on invertebrate assemblages change across seasons 

in a subtropical wetland?. Limnetica 36: 87-98. DOI: 

10.23818/limn.36.07. 

Ghimire MD, Dhakal KS, Saud DS. 2020. A Checklist of Wetland Flora 

Reported from Nepal. Department of Plant Resources, Kathmandu, 

Nepal. 

Grimaldo JT, Bini LM, Landeiro VL, O’Hare MT, Caffrey J, Spink A, 

Martins SV, Kennedy MP, Murphy KJ. 2016. Spatial and 

environmental drivers of macrophyte diversity and community 

composition in temperate and tropical calcareous rivers. Aquat Bot 

132: 49-61. DOI: 10.1016/j.aquabot.2016.04.006. 

Guo H, Mazer SJ, Xu X, Luo X, Huang K, Xu X. 2017. Biological 

invasions in nature reserves in China. Biological invasions in nature 

reserves in China. In: Wan F, Jiang M, Zan A (eds.). Biological 

invasions and its management in China. Springer. DOI: 10.1007/978- 

94-024-0948-2_6.    

İkinci N, Bayındır N. 2021. Spatial trends of Potamogetonaceae along an 

altitudinal gradient. Biologia (1): 23-32. DOI: 10.2478/s11756-020-

00596-7. 

Jones JI, Li W, Maberly C. 2003. Area, altitude and aquatic plant diversity. 

Ecography 26 (4): 411-420. DOI: 10.1034/j.1600-0587.2003.03554.x. 

Kamimura VdeA, de Moraes PLR, Ribeiro HL, Joly CA, Assis MA. 2017. 

Tree diversity and elevational gradient: The case of Lauraceae in the 

Atlantic Rainforest. Flora 234: 84-91. DOI: 10.1016/j.flora.2017.05.013. 

Kandel DR, Jenkins F. 2020. Ferns and fern - allies of Nepal. Department 

of Plant Resources, Kathmandu, Nepal. 

Khatiwada JR, Zhao T, Chen Y, Wang B, Xie F, Cannatella DC, Jiang J. 

2019. Amphibian community structure along elevation gradients in 

eastern Nepal Himalaya. BMC Ecol 19 (1): 19. DOI: 10.1186/s12898-

019-0234-z. 

Kraft NJ, Adler PB, Godoy O, James EC, Fuller S, Levine JM. 2015. 

Community assembly, coexistence and the environmental filtering 

metaphor. Funct Ecol 29 (5): 592-599. DOI: 10.1111/1365- 

2435.12345.  

Kreyling J, Schmid S, Aas G. 2015. Cold tolerance of tree species is 

related to the climate of their native ranges. J Biogeogr 42 (1): 156-

166. DOI: 10.1111/jbi.12411. 

Lacoul P, Freedman B. 2006. Relationships between aquatic plants and 

environmental factors along a steep Himalayan altitudinal gradient. 

Aquat Bot 84 (1): 3-16. DOI: 10.1016/j.aquabot.2005.06.011. 

Lacoul P. 2004. Aquatic macrophyte distribution in response to physical 

and chemical environment of the lakes along an altitudinal gradient in 

the Himalayas, Nepal. [PhD Thesis]. Dalhousie University, Halifax, 

Nova Sotia, Canada. 

Li M, Feng J. 2015. Biogeographical interpretation of elevational patterns 

of genus diversity of seed plants in Nepal. PLoS ONE 10 (10): 

e0140992. DOI: 10.1371/journal.pone.0140992. 

Liang J, Ding Z, Lie G, Zhou Z, Singh PB, Zhang Z, Hu H. 2020. Species 

richness patterns of vascular plants and their drivers along an 

elevational gradient in the central Himalayas. Glob Ecol Conserv 24: 

e01279. DOI: 10.1016/j.gecco.2020.e01279. 

McCullagh P, Nelder JA. 2019. Generalized Linear Models. Routledge. 

Murphy K, Carvalho P, Efremov A, Grimaldo JP, Molina-Navarro E, 

Davidson TA, Thomaz S M. 2020. Latitudinal variation in global 

range-size of aquatic macrophyte species shows evidence for a 

Rapoport effect. Freshw Biol 65 (9): 1622-1640. DOI: 

10.1111/fwb.13528. 

Murphy K, Efremov A, Davidson TA, Molina-Navarro E, Fidanza K, 

Crivelari Betiol TC, Chambers P, Tapia Grimaldo J, Varandas 

Martins S, Springuel I, Kennedy M, Mormul RP, Dibble E, Hofstra 

D, Lukács BA, Gebler D, Baastrup-Spohr L,  Urrutia-Estrada J. 2019. 

World distribution, diversity and endemism of aquatic macrophytes. 

Aquat Bot 158: 103127. DOI: 10.1016/j.aquabot.2019.06.006. 

Nascimbene J, Marini L. 2015. Epiphytic lichen diversity along 

elevational gradients: Biological traits reveal a complex response to 

water and energy. J Biogeogr 42 (7): 1222-1232. DOI: 

10.1111/jbi.12493. 

Nepali BR, Skartveit J, Baniya CB. 2021. Impacts of slope aspects on 

altitudinal species richness and species composition of Narapani-

Masina landscape, Arghakhanchi, West Nepal. J Asia Pac  Biodivers 

14 (3): 415-424. DOI: 10.1016/j.japb.2021.04.005. 

Niroula B, Singh, KLB. 2010. Contribution to aquatic macrophytes of 

Biratnagar and adjoining areas, Eastern Nepal. Ecoprint 17: 23-34.  

O’Brien EM. 2006. Biological relativity to water–energy dynamics. 

J Biogeogr 33: 1868-1888. DOI: 10.1111/j.1365-2699.2006.01534.x. 

O’Hare MT, Aguiar FC, Asaeda T, Bakker ES, Chambers PA, Clayton JS, 

Elger A, Ferreira TM, Gross EM, Gunn IDM, Gurnell AM, Hellsten 

S, Hofstra DE, Li W, Mohr S, Puijalon S, Szoszkiewicz K, Willby 

NJ,  Wood KA. 2018.  Plants in aquatic ecosystems: Current trends 

and  future directions. Hydrobiologia 812 (1): 1-11. DOI: 

10.1007/s10750-017-3190-7. 

Önol B, Bozkurt D, Turuncoglu UU, Sen OL, Dalfes HN. 2014. 

Evaluation of the twenty-first century RCM simulations driven by 

multiple GCMs over the Easter Mediterranean–Black Sea region. 

Clim Dyn 42 (7-8): 1949-1965. DOI: 10.1007/s00382- 013-1966-7. 

Pandey B, Nepal N, Tripathi S, Pan K, Dakhil MA, Timilsina A, Justine 

MF, Koirala S, Nepali KB. 2020. Distribution pattern of 

gymnosperms’ richness in Nepal: effect of environmental constrains 

along elevational gradients. Plants 9 (5): 625. DOI: 

10.3390/plants9050625.  

Partel M, Szava-Kovats R, Zobel M. 2011. Dark diversity: shedding light 

on absent species. Trends Ecol Evol 26 (3): 124-128. DOI: 

10.1016/j.tree.2010.12.004. 

Press JR, Shrestha KK, Sutton DA. 2000. Annotated checklist of the 

flowering plants of Nepal. Natural History Museum, London.  

Pulido C, Riera JL, Ballesteros E, Chappuis E, Gacia E. 2015. Predicting 

aquatic macrophyte occurrence in soft-water oligotrophic lakes 

(Pyrenees mountain range). J Limnol 74 (1): 143-154. DOI: 

10.4081/jlimnol.2014.965. 

R Core Team. 2022. R: A Language and Environment for Statistical 

Computing. 

Rajbhandari KR, Rai SK. 2017. A Handbook of the Flowering Plants of 

Nepal. Department of Plant Resources, Kathmandu, Nepal.  

Rajbhandari KR, Rai SK. 2019. A Handbook of the Flowering Plants of 

Nepal. Department of Plant Resources, Kathmandu, Nepal.  

Rajbhandari KR, Rai SK, Chhetri R. 2021. A Handbook of the Flowering 

Plants of Nepal.  Department of Plant Resources, Kathmandu, Nepal.  

Rajbhandari KR, Rai SK, Chhetri R. 2022. A Handbook of the Flowering 

Plants of Nepal. Department of Plant Resources, Kathmandu, Nepal. 

Ramachandra TV, Sudarshan PB, Mahesh MK, Vinay S. 2018. Spatial 

patterns of heavy metal accumulation in sedimentsand macrophytes of 

Bellandur wetland, Bangalore. J Environ Manage 206: 1204-1210. 

DOI: 10.1016/j.jenvman.2017.10.014. 

Rawat DS, Bagri AS, Parveen M, Nautiyal M, Tiwari P, Tiwari JK. 2021. 

Pattern of species richness and floristic spectrum along the elevation 



 BIODIVERSITAS  24 (11): 6048-6058, November 2023 

 

6058 

gradient: A case study from western Himalaya, India. Acta Ecol Sin 

41 (6): 545-551. DOI: 10.1016/j.chnaes.2021.03.012. 

Sah JP, Singh R, Bhatta N. 2003. Floristic diversity and use of plants in 

Ghodaghodi lake area, Nepal. J Nat Hist Mus 21: 243-266.  

Sharma BK. 2014. Bioresources of Nepal. Active Printing Press Pvt. Ltd., 

Kathmandu,  Nepal. 

Shrestha BB. 2016.  Invasions Alien Plant Species in Nepal: Observations 

and Issues from Around the World. John Wiley & Sons Ltd., New 

Jersey. DOI: 10.1002/9781119607045.ch20Cita. 

Shrestha BB, Shrestha KK, 2021. Invasions of alien plant species in 

Nepal: patterns and process. In: Pulliah T, Michael RL (eds). Invasive 

alien species: Observations and issues from around the world. John 

Wiley & Sons Ltd., New Jersey. DOI: 10.1002/9781119607045. 

Shrestha GL, Upadhyay MP.1999. Wild relatives of cultivated rice crops 

in Nepal. In: Shrestha R, Shrestha B (eds). Wild relatives of cultivated 

plants in Nepal; Proceedings of the National Conference, Kathmandu, 

2-4 June 1999.  

Shrestha KK, Bhatt P, Bhandari P. 2022.  Plants of Nepal (Gymnosperms 

and Angiosperms). Heritage Publishers and Distributors Pvt. Ltd., 

Kathmandu, Nepal. 

Siwakoti M, Karki JB. 2009. Conservation status of Ramsar sites of Nepal 

Tarai: an overview. BOTOR J Plant Sci 6: 76-84. DOI: 

10.3126/botor.v6i0.2914. 

Siwakoti M, Shrestha BB, Devkota A, Shrestha UB, Thapaparajuli RB, 

Sharma KP. 2016. Assessment of the effects of climate change on the 

distribution of invasive alien plant species in Nepal. In: Bhuju D, 

Sijapati J, Devkota B, Shrestha N, Ghimire GP, Neupane PK (eds). 

Building Knowledge for Climate Resilience in Nepal: Research Brief. 

Nepal Academy of Science and Technology, Kathmandu. 

Stacey J, Salmon K, Janes T, Colman  A, Colledge F, Bett PE, Srinivasan  

G, Pai DS. 2023. Diverse skill of seasonal dynamical models in 

forecasting South Asian monsoon precipitation and the influence of 

ENSO and   IOD. Clim Dyn 1-18. DOI: 10.1007/s00382-023-06770-

2. 

Stefanidis K., Oikonomou A,  Papastergiadou E. 2021. Responses of 

different facets of aquatic plant diversity along environmental 

gradients in Mediterranean streams: results from rivers of Greece. J 

Environ Manage 296:  113307. DOI: 10.1016/j.jenvman.2021.113307. 

Stevens GC. 1992. The elevational gradient in altitudinal range: an 

extension of Rapoport’s latitudinal rule to altitude. Am Nat 140 (6): 

893-911. DOI: 10.1086/285447. 

Sun J, Hunter PD, Tyler AN, Willby NJ. 2019. Lake and catchment-scale 

determinants of aquatic vegetation across almost 1,000 lakes and the 

contrasts between lake types. J Biogeogr 46 (5): 1066-1082. DOI: 

10.1111/jbi.13557. 

Tanalgo KC, Pineda JAF, Agravante ME, Amerol ZM. 2015. Bird 

Diversity and Structure in Different Land-use Types in Lowland 

South-Central Mindanao, Philippines. Trop Life Sci Res 26 (2): 85-

103.   

Thomaz SM, Mormul RP, Michelan TS. 2015. Propagule pressure, 

invasibility of freshwater ecosystems by macrophytes and their 

ecological impacts: A review of tropical freshwater ecosystems. 

Hydrobiologia 746 (1): 39-59. DOI: 10.1007/s10750-014-2044-9. 

Tiwari S, Siwakoti M, Adhikari B, Subedi K. 2005. An inventory and 

assignment of invasive alien plant species of Nepal. IUCN, The 

World Conservation Union, Nepal. 

Umair M, Hu X, Cheng Q, Ali S, Ni J. 2023. Distribution patterns of fern 

species richness along elevations of the Tibetan  Plateau in China: 

Regional differences and effects of climate change variables. Front 

Plant Sci 14: 1178603. DOI: 10.3389/fpls.2023.1178603. 

Upadhyay KD, Mainali J, Ghimire NP. 2022. Diversity of aquatic plants 

and macroinvertebrates and their spatial patterns in a Himalayan 

Watershed, Central Nepal. Aquat Bot 180: 103529. DOI: 

10.1016/j.aquabot.2022.103529. 

Vetaas OR, Paudel KP, Christensen M. 2019. Principal factors controlling 

biodiversity along an elevation gradient: Water, energy and their 

interaction. J Biogeogr 46 (8): 1652-1663. DOI: 10.1111/jbi.13564. 

WFO Plant List. 2023. https://worldfloraonline.org. 

Zefferman E, Stevens JT, Charles GK, Dunbar-Irwin M, Emam T, Fick S, 

Morales LV, Wolf KM, Young DJ, Young TP. 2015. Plant 

communities in harsh sites are less invaded: a summary of observations 

and proposed explanations. AoB  Plants 7: plv056. DOI: 

10.1093/aobpla/plv056. 

 
 

 
 

 


