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ABSTRACT. Understanding wetland vegetation and plant species composition are crucial for 
wetland ecosystem restoration and sustainable biodiversity conservation. The fl oristic 
composition was collected with 170 stratifi ed quadrat sampling of 1 × 1 m2, 4 × 4 m2 and 
10 × 10 m2 for herbs, shrubs and trees. The results showed that a total of 241 species belonging 
to 173 genera and 75 families were found. Of these, they are 220 angiosperms, 3 gymnosperms, 
5 bryophytes and 13 monilophytes. The most abundant life forms were herbaceous with 87%, 
shrub with 9% and 2% of trees and climbers in the wetland. The three different schematic 
profi le diagram represents general vegetation structure and unique habitats of Gangtey-Phobji 
wetland, one of the largest high-altitude wetland. The conservation agencies can use the study 
fi ndings for appropriate conservation of wetlands in the Himalayan, Bhutan.
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INTRODUCTION

Wetlands are crucial for humankind 
across the globe as they provide many 
valuable ecosystem services; freshwater 
supply, water storage, fl ood control, climate 
regulation, carbon sequestration and 
greenhouse gas emissions (Maltby & 

Acreman, 2011). In addition, wetlands 
support a diverse array of fl oral and faunal 
species and are critical habitats for world 
migratory faunal species (Skeffi ngton et al., 
2006; Hebb et al., 2013; Wetser et al., 2015). 
Wetland plants are defined as having 
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an ability to inhabit wet places and adapt to 
different ecological tolerances like fl ooded 
or saturated soils (Cronk & Fennessy, 2001). 
In addition to a rich diversity of vascular 
plants, wetlands also serve as essential 
habitat for bryophytes, mostly peat mosses 
(Sphagnum sp.) that dominantly thrive in 
bogs. Mosses have high water retaining 
capacity, creating waterlogged conditions 
and generating acidity in wetlands 
(Cornelissen et al., 2007; Turetsky et al., 
2012). The occurrence of trait variation 
patterns within habitats, and broader 
ecological conditions partly refl ects different 
species adaptation (Reich et al., 2003). Due 
to unique features, wetlands are ecologically 
sensitive systems that signifi cantly impact 
ecosystem services if disturbed (Turner 
et al., 1998). The disturbances of pristine 
natural wetlands at an alarming rate lead to 
the loss of global species higher than the 
estimated fi gures and have become a global 
concern (Greuter, 1994; Pimm et al., 1995). 
Besides, habitat depletion and species 
extinction in biodiversity hotspots are crucial 
globally (Underwood et al., 2009).

The Himalayan region is known for the 
world’s top biodiversity hotspots with a rich 
repository of native and endemic species of 
both fl ora and fauna (Dar & Sundarapandian, 
2016). Bhutan being in the part of Eastern 
Himalaya, 5,603 vascular plants are 
documented in the Flora of Bhutan, with 
94% being native species (Chhetri & Tenzin, 
2012). However, studies revealed numerous 
wetland plant species are threatened and 
endangered (Meng et al., 2017; Tendar & 
Sridith, 2021). Hence, the inevitable step to 

conserve and protect the world’s biodiversity 
can be scientifi c exploration and collection 
of baseline data for the vital identifi cation of 
conservation strategies (Hove & Chapungu, 
2013). Further, studies of plant species 
composition and vegetation structure in 
wetlands are keys to ensuring their 
conservation and sustainable management, 
which is challenging to understand the status 
of wetland vegetation (National Biodiversity 
Centre, 2015). 

However, the scientific studies of 
vegetation in Bhutan have only been limited 
to vegetation zonation (Ohsawa, 1987), 
grassland vegetation (Ohsawa, 1987; Dorji 
& Gurung, 2018), alpine vegetation (Jamtsho 
& Sridith, 2015), lower montane vegetation 
(Jamtsho & Sridith, 2017) and distribution 
pattern of the genus Rhododendron in 
Himalayan range (Namgay & Sridith, 2020). 

Specifically, scientific studies on 
wetlands remain signifi cantly less with only 
a handful of previous studies on wetland 
plant communities and vegetation structure 
of the eastern Himalayan highlands in 
northern Bhutan (Tendar et al., 2020), impact 
on plant diversity in the wetlands of Gangtey-
Phobji by human settlement (Lhamo et al., 
2020) and the change of land cover and 
ecosystem services in Phobjikha valley 
(Chaudhary et al., 2017). Therefore, the goal 
of the study in Gangtey-Phobji valley bottom 
wetlands was to: (1) investigate the species 
composition of the valley bottom wetland 
and (2) describe the vegetation structures of 
valley bottom wetland of Gangtey-Phobji, 
Wangdue Phodrang, Bhutan.
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MATERIALS AND METHODS

Study area

The Gangtey-Phobji valley bottom 
wetland is in the central part of Bhutan at an 
average elevation of 3,500 m above sea level 
between latitude 27°26'46"N and longitude 
90°11'08"E (Fig. 1). The valley is one of the 
most extensive high-altitude valley bottom 
wetlands in Bhutan situated on the western 
slopes of Jigme Singye Wangchuk National 
Park with approximately 97,000 hectares and 
designated as Ramsar wetland site in the year 
2012 (International Centre for Integrated 
Mountain Development & Royal Society for 
Protection of Nature, 2014). The wetland 
hosts rich fl oral and faunal species, including 
endangered, Black-necked crane (Grus 
nigricollis), which migrates during winter 

from the Tibetan Plateau (Royal Society for 
Protection of Nature, 2007; Pradhan, 2010).

The wetland is surrounded by the people 
of two gewogs (the smallest geographic 
administrative unit), Gangtey and Phobji, 
with 701 households, and the landscape’s 
panoramic view has made core attraction for 
domestic and international tourists’ sites 
(International Centre for Integrated Mountain 
Development & Royal Society for Protection 
of Nature, 2014). People mainly depend on 
their livelihood on agriculture and livestock, 
especially with large scale potato cultivation. 
The intense cultivating of potatoes and 
continuous grazing by yaks, cows and horses 
may significantly threaten wetland’s 
vegetation and ecosystem services (Phuntsho, 
2010).

FIGURE 1. Bhutan with Wangdue Phodrang district (A) and study sites with sampling plots in Gangtey-
Phobji valley bottom wetland (B).

A B

Data collection and analysis

The fl oristic composition was assessed 
biweekly (February to November 2020) to 
record accurate flowering seasons and 
detailed plant specimen collection for 

identifi cation. Voucher specimens of each 
species were prepared according to the 
guidelines of the herbarium handbook 
(Bridson & Forman, 1998). A total of 170 
stratifi ed quadrat sampling of 1 × 1 m2, 4 × 4 m2 
and 10 × 10 m2 for herbs, shrubs and trees 
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were used respectively to assess the presence-
absence of species (Kent, 2012) and collected 
species adjacent to the plots to obtain the 
comprehensive list of plant species in the 
wetland. Specimens were identified 
following available taxonomic literature 
(Pearce & Cribb, 2002; Shi et al., 2011) and 
Flora of Bhutan (Grierson & Long, 1983, 
1984, 1987, 1991, 1999, 2001).

The families, life forms and groups, 
were updated following the Angiosperm 
Phylogeny Group based on the Tropicos 
database (tropicos.org). The vegetation 
structure of the whole wetland was 
represented in a schematic profi le diagram 
based on the height of plant species and 
species composition in different wetlands 
sites. The number of cattle dung was 
recorded in each quadrat and visually 
estimated the grazing intensity (Collins, 
2004). Finally, the voucher specimens were 
deposited at the Herbarium, National 
Biodiversity Center, Serbithang, Thimphu 
District, Bhutan.

RESULTS

A total of 241 plant species belonging 
to 173 genera and 75 families were recorded 
in the study within the wetland. Among 
them, 87% herbs (210 species), 9% shrubs 
(21 species), 2% trees (6 species) and 2% 
climbers (4 species) formed the plant species 
composition of the wetland (Fig. 2A). From 
the 241 species, 220 were angiosperms, 
3 were gymnosperms, 5 were bryophytes and 
13 were monilophytes (Table 1). The most 

diverse family was Asteraceae (24 species 
and 16 genera), followed by Rosaceae (18 
species and 10 genera), Poaceae (14 species 
and 10 genera), Cyperaceae (12 species and 
6 genera), Ranunculaceae (12 species and 
6 genera), Polygonaceae (12 species and 
5 genera), Lamiaceae (7 species and 
7 genera), Fabaceae (7 species and 6 genera) 
and Ericaceae (6 species and 4 genera) (Fig. 
2B). The herbs begin their fl owerings from 
April to July, extending to September and 
October. However, trees and climbers mostly 
bloom from June to September (Table 2).

The types of vegetation structure and 
habitats

The high-altitude valley bottom wetland 
of Gangtey-Phobji, Eastern Himalayan, 
Bhutan and their vegetation structures were 
identifi ed based on topographic features, 
grazing intensity, and human settlement 
around the wetland (Figs. 3–5). Weedy 
species and short species were the indicators 
of anthropogenic activities and higher 
grazing intensity in the wetland. The 
vegetation structure found in the upper part 
of the wetland (Pangkarpo) was taller and 
recorded with less weedy species as human 
settlements. As a result, grazing impacts 
were less compared to other areas. Species 
such as Berberis aristata, Rhododendron 
thomsonii and Sphagnum palustre were 
usually found in poor fen habitats near the 
stream and gentle slope areas (Fig. 6).

The small stream that runs through the 
valley bottom wetland was associated with, 
Aster neoelegans, Chenopodium album, 
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Primula denticulata ,  Rhododendron 
arboreum, Roscoea alpina, Rosa sericea, 
Urtica dioica and Yushania microphylla. In 
open habitats that are temporarily wet during 
monsoon, plant species like, Carex diandra, 
Chusua pauciflora, Juncus thomsonii, 
Pedicularis siphonantha and Prunella 
vulgaris, were characterizing species. The 
vegetation in this wetland is indicated by 
more shrubs and taller species (Fig. 3).

The vegetation in this wetland area were 
abundantly characterised by herb species 
such as Juncus prismatocarpus, Poterium 
fi liforme, Urticularia recta and Xyris indica, 
seasonally inundated habitats (Fig. 7). 
However, in the drained and open site 
habitats near the human settlement and 
grazing sites, species such as Cirsium 
falconeri, Rumex nepalensis, Sambucus 
adnata and Senecio laetus. The area in the 
wetland was observed with an average of 7–8 
number of faecal mats per quadrat, showing 
higher than the other parts of the wetland. A 
maximum number of cattle ranging from 
50–60 every day were found in this wetland. 
It is mainly due to the accessibility and 

convenience for the cattle to graze in this 
wetland site. Poor fen habitats were located 
near small streams and bottomlands in which 
the vegetation was characterised by A. 
neoelegans, Impatiens radiata, Rh. thomsonii 
and Sp. palustre. Sphagnum mosses formed 
mats, contributed water holding capacity to 
the wetlands and created peat formation with 
slightly acidic conditions (Fig. 4).

The middle part of the wetland 
vegetation was dominantly characterised by 
the herbaceous plant species with a few R. 
sericea shrubs along the meandering stream 
edges (Fig. 8). Besides, this wetland was 
recorded with a greater number of weed 
species and maximum cattle grazing. 
Another feature of the vegetation in this area 
was stunted herbs, shrubs and especially 
dwarf bamboo (Y. microphylla). Flooded 
basins usually occur in the bottomland of 
wetlands and habitats, usually marked by 
species such as Persicaria hydropiper, 
Potamogeton sp. and Schoenoplectus 
mucronatus. On the other side, tiny and rare 
patches of bog habitats were characterised 
by dwarf Rh. thomsonii and Sp. palustre.

TABLE 1. Floristic composition of Gangtey-Phobji valley bottom wetland of Wangdue Phodrang, 
Bhutan.

Taxonomic group Families Genera Species Trees Shrubs Herbs Climbers
Angiosperms 62 153 220 3 21 192 4
Gymnosperms 2 3 3 3 – – –
Bryophytes 5 5 5 – – 5 –
Monilophytes 6 12 13 – – 13 –
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FIGURE 3. Schematic profi le diagram at Pangkarpo (upper site of wetland vegetation): 1.  Sphagnum 
palustre; 2. Rhododendron thomsonii; 3. Cotoneaster microphylla; 4. Larix griffi thiana; 5. Rosa sericea; 
6. Rh. ciliatum; 7. Yushania microphylla; 8. Urtica dioica; 9. Spiraea bella; 10. Berberis aristata; 11. 
Hypericum choisianum; 12. Roscoea alpina; 13. Rh. arboreum; 14. Pinus wallichiana; 15. Abies densa.

FIGURE 2. A. Life forms of herb, shrub, tree and climber; B. Proportion of nine dominant families 
with genera and species.
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FIGURE 5. Schematic profi le diagram at Tabayting and middle part of wetlands: 1. Anaphalis triplenervis; 
2. Rumex acetosella; 3. Persicaria runcinata; 4. Trifolium repens; 5. Halenia elliptica; 6. Potamogeton sp.; 
7. Pe. hydropiper; 8. Epilobium kingdonii; 9. Agrimonia pilosa; 10. Rosa sericea; 11. Euphorbia griffi thii; 
12. Anthoxanthum odoratum; 13. Senecio mortonii; 14. Rhododendron thomsonii; 15. Juncus thomsonii; 
16. Arundinella hookeri.

FIGURE 4. Schematic profile diagram of Kela Shama (wetland vegetation below Aman site): 
1. Rhododendron thomsonii; 2. Aster neoelegans; 3. Rumex nepalensis; 4. Senecio laetus; 5. Cirsium 
falconeri; 6. Primula denticulata; 7. Euphrasia bhutanica; 8. Xyris indica; 9. Pedicularis siphonantha; 
10. Poterium fi liforme; 11. Juncus prismatocarpus; 12. Pinus wallichiana; 13. Impatiens radiata; 
14. Rh. thomsonii; 15. Arisaema consanguineum; 16. Sambucus adnata.
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FIGURE 6. A. Vegetation view of upper part of wetland; B. Rhododendron thomsonii; C. Larix griffi thiana 
and Pinus wallichiana; D. Roscoea alpina.

FIGURE 7. A. Vegetation view of Kela Shama; B. Senecio laetus and Cirsium falconeri; C. Juncus 
prismatocarpus, Pedicularis siphonantha, Poterium fi liforme and Xyris indica in wet habitats; 
D. Primula denticulata.
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FIGURE 8. A. Vegetation view of Tabayting and middle part of wetlands; B. Epilobium kingdonii; 
C. Persicaria hydropiper and Schoenoplectus mucronatus; D. Halenia elliptica; E. Trifolium repens; 
F. Arundinella hookeri, Juncus thomsonii and Senecio mortonii.

DISCUSSION

The Gangtey-Phobji valley bottom 
wetland is a dynamic landscape with rich 
species composition of high conservation 
value. The present study documented 241 
species with 173 genera and 75 families. 
Within the Himalayan Regions, most of the 
family represented families varies and 

topmost dominant family in the wetland, 
Asteraceae with 24 species that comprised 
9.8 % of total species 244 (Chhetri & Tenzin, 
2012) in the country. The abundant 
occurrence of such species in the wetlands 
maybe because of its better adaptative 
fea tures  and d is t r ibut ion  abi l i t ies 
(Christenhusz & Byng, 2016). However, 
these results from the present study only and 
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may not represent natural Asteraceae family 
diversity in the wetlands of Bhutan.

In the study conducted by Tendar & 
Sridith (2021) on high altitude wetlands of 
Eastern Himalayan, Bhutan, the Ericaceae 
family was the most dominant family with 
17 species, including 21% of total species in 
the country. Hence, further investigations on 
other wetlands are necessary to address the 
occurrence of the abundant Asteraceae 
family. The next dominant family was 
Rosaceae, with 18 species comprised 
12.76% of total species 141 in Bhutan 
(Chhetri & Tenzin, 2012). Similar results 
were also documented by Tendar & Sridith 
(2021) from their studies in high altitude 
wetlands. Poaceae family, which positioned 
third with 14 species, comprised 4.9% out of 
288 species in Bhutan. An abundance of 
Poaceae could be due to its ability to tolerate 
grazing herbivores and their various means 
of reproduction and distribution due to the 
open area (Jakobsson & Eriksson, 2003; 
 Jafarpour & Manohar, 2014).

Cyperaceae, Ranunculaceae and 
Polygonaceae were the families with 12 
species each in the wetlands in the abundant 
fourth position. These families have a close 
affi nity with the Flora of Bhutan, which 
recorded fi fth, eighth and twentieth positions 
in Bhutan, respectively (Chhetri & Tenzin, 
2012). Lamiaceae and Fabaceae ranked fi fth 
position in their dominance with seven 
species in the wetland. However, Ericaceae 
constitutes only six species and it was not 
the most dominant family in the present 
study. These Ericaceous may be acid affi nity 
plants since they usually thrive in acidic 

habits of wetlands (Richardson & Vepraskas, 
2001). On the contrary, studies conducted in 
less disturbed wetlands by Tendar & Sridith 
(2021) had observed Ericaceae as the 
topmost dominant family with 17 species, 
contributing 21% of the total 81 species in 
the country (Chhetri & Tenzin, 2012). 
Therefore, the present study infers possible 
reasons for the less diverse occurrence of 
Ericaceous species due to the alteration of 
wetland habitats by various anthropogenic 
activities (Jamtsho & Sridith, 2013).

The abundance of lifeforms varied from 
the region and the highest proportion of 
abundance was herbs with 87%, followed by 
shrubs with 9%, trees and climbers with 2%. 
The anthropogenic activities and cattle 
grazing might create short vegetation and 
lead to the extinction of native species 
(Xiong et al., 2003; Harris et al., 2005). It 
might be the one reason finding herb 
dominance vegetation in the wetlands. The 
vegetation structure of different parts of 
wetland and habitat depicts different grazing 
levels, disturbances, and uniqueness in 
supporting diverse species in habitat (Figs. 
3–5). Considering that the wetland’s location 
is in the same valley with no differences in 
altitude, the plant species were the same in 
all the wetlands. However, the occurrence of 
a few habitats, such as seasonally inundated 
basins, poor fen, and other microhabitats, 
might be the one possible reason supporting 
unique species (Tendar & Sridith, 2021).

In the seasonally flooded habitats, 
permanent water usually supports species 
like J. prismatocarpus, Per. hydropiper, 
Potamogeton sp., Sc. mucronatus, U. recta 
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and X. indica (Figs. 4–5). The hydrological 
period influences vegetation types in a 
wetland (Mitsch et al., 2009; Rossi et al., 
2014) and tends to remain in a zone and 
adapted in anoxic or reduce conditions with 
a small number of species (Keddy, 2000; 
Corry, 2012). The poor fen habitats are 
primarily found in patches of vegetation 
indicated by Cotoneaster microphylla, J. 
thomsonii, Rh. thomsonii and Sp. palustre. 
Sphagnum moss contributes to the deposition 
of thicker peat, creating the slightly acidic 
condition (Smith, 1966) and ericaceous 
shrubs such as Gaultheria nummulariodes 
and Rh. thomsonii were notable features of 
such habitats in the wetland (Fig. 3).

 The most threatening to the wetland 
is the maximum number of weed species 
such as Cyanotis vaga, Galinsoga ciliata, 
Per. runcinata, Ru. acetosella, Stellaria 
vistata, Trifolium dubium and T. repens with 
shorter height in drained habitats and middle 
part of the wetland (Fig. 5). Unfortunately, 
the invasion of weedy species is an indicator 
of degrading wetland and habitat change, 
leading to the loss of many wetland species 
(National Biodiversity Centre, 2015). This 
part of the wetland is situated near the most 
populated human settlement with maximum 
anthropogenic activities and a higher level 
of grazing intensity.

CONCLUSION

Wetland research has observed important 
understanding implications for conservation 
and management of biodiversity in the 
world. Maximum conservation efforts 
focused on faunal species and limited the 

fl oral components of the wetland, which is 
equally important in an ecosystem existence 
(Tendar et al., 2020). Wetland is also under 
challenges from an escalation of farming 
practices, land cover and use changes, 
fertilisers and pesticides, increasing 
population and land fragmentation, farm 
mechanization, new and unplanned 
infrastructure, and businesses. There is 
growing pressure to convert the Gangtey-
Phobji wetland for economic development, 
particularly for roads, hotels, and other 
tourism infrastructure. Another immense 
threat to the wetland is continuous grazing. 
These are evident by drained habitats, 
reduced land cover and land use patterns, 
invasive species, and waste management 
issues (Chaudhary et al., 2017; Lhamo et al., 
2020). Therefore, policymakers, planners, 
communities and organizations concerned 
need to work collaboratively and develop 
appropriate action plans for wetland 
protection and conservation for sustainable 
and appropriate conservation strategies.
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