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Abstract: The conservation zone of Panchgani Tableland lies within the Mahabaleshwar Panchgani Eco-sensitive Zone, Satara District, 
Maharashtra, India, in northern Western Ghats. The present paper reports 189 species across 54 families recorded throughout the year 
on this lateritic plateau. The most represented family is Poaceae, and it also shows the highest endemism (nine taxa). During the study, 78 
endemic taxa were recorded, which makes up to 48% endemism. A total of 12 threatened taxa have been recorded during the study, of 
which four are ‘Endangered’ (Dipcadi ursulae var. ursulae Blatt., Curcuma caulina (J.Graham) Baker, Iphigenia stellata Blatt., and Isachne 
swaminathanii V.Prakash & S.K.Jain), two are ‘Vulnerable’ (Eriocaulon tuberiferum A.R.Kulkarni & Desai, Utricularia albocaerulea Dalzell) and 
six are ‘Near Threatened’ (Arisaema murrayi (J.Graham) Hook., Euphorbia khandallensis Blatt. & Hallb., Habenaria grandifloriformis Blatt. & 
McC., Pinda concanensis (Dalzell) P.K.Mukh. & Constance, Utricularia praeterita P. Taylor, and Vigna khandalensis (Santapau) Sundararagh. & 
Wadhwa). Though a large number of species are therophytes (73.4%), 12.5% of the taxa are geophytes, and 4.7% are carnivorous. Remaining 
taxa belong to other plant functional types viz. helophytes, hydrophytes, succulents, hemiparasites, and epiphytes. The study also explored 
the impact of anthropogenic pressures such as tourism, grazing, and soil alteration that threaten the diversity on the plateau. A comparison 
with floristic data by Blatter (1909) revealed the absence of 12 taxa in the existing vegetation, including the two rare species Adelocaryum 
malabaricum (C.B.Clarke) Brand., and Smithia purpurea Hook., and recorded another 129 species that were not recorded earlier. 

Keywords: Carnivorous plants, disturbance, endemism, geophytes, Mahabaleshwar Panchgani Eco-sensitive Zone, natural heritage site, plant 
diversity, therophytes, threatened species.
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पांचगणी टेबललॅ.डचे संवध3न 5े6 हे उ9र पि<चम घाटातील महाबळे<वर-पांचगणी या पया3वरणCDEया संवेदनशील 5े6ात (सातारा िजJहा, महाराDL, भारत) िOथत आहे. सदर शोधTनबंधात या 
जांUयाVया पठारावरXल 54 कुळांतील 189 रोपटेवजा सपुDप वनOपतींVया `जातींची नaद केलX आहे. येथे पोएसी कुळातील सवा3cधक `जाती आढळJया असून gयामhये `देशTनDठ `जातींची 
संiयाहX सवा3त जाOत (9) आहे. सदर अUयासात एकूण 78 `देशTनDठ `जातींची नaद केलX असून gया एकूण `जाती संiयेVया 48% आहेत. एकूण 12 संकटmOत `जातींपैकo 4 एंडpजड3 
(लुqतावOथेकडे जाणाrया/ धोtयात आलेJया) (Dipcadi ursulae var. ursulae Blatt., Curcuma caulina (J.Graham) Baker, Iphigenia stellata Blatt., and Isachne 
swaminathanii V.Prakash & S.K.Jain), 2 íहJनरेबल (संवेदनशील) (Eriocaulon tuberiferum A.R.Kulkarni & Desai, Utricularia albocaerulea Dalzell), 6 Tनअर úेटùड 
(अती संकटmOत) (Arisaema murrayi (J.Graham) Hook., Euphorbia khandallensis Blatt. & Hallb., Habenaria grandifloriformis Blatt. & McC., Pinda concanensis 
(Dalzell) P.K. Mukh. & Constance, Utricularia praeterita P. Taylor, and Vigna khandalensis (Santapau) Sundararagh. & Wadhwa) `जातींची नaद या 
अUयासादर£यान केलX.वनOपतींVया `जातींपैकo जाOत `माण थेरोफ़ाईट (73.4%)यांचे असून 12.5% िजओफाईEस तर 4.7% काTन3íहोरस वनOपतींVया `जाती आहेत.उरलेJया `जाती 
हेलोफाईEस, हाय©ोफाईEस, सtयुलंEस, हेमीपॅरॅसाईEस आ™ण ए´पफाईEस या `कारVया आहेत. सदर अUयासात पय3टन, चराई, मातीची हलवाहलव अशा जैव´व´वधतेला घातक मानवTन¨म3त 
दबावांचा (कृतींचा) `भाव अUयासला गेला. तसेच Æलॅटर (1909) यांनी केलेJया नaदXंशी तुलना करता असे आढळून आले कo gया काळी नaदवलेJया `जातींपैकo 12 `जाती आता आढळत 
नाहXत, यात दोन संकटmOत वनOपतींचा समावेश आहे. Adelocaryum malabaricum (C.B.Clarke) Brand., and Smithia purpurea Hook या¨शवाय पूव∞ नaद न झालेJया 129 
`जाती आता नíयाने आढळून आJया. 
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INTRODUCTION

The famous hill station of Panchgani in Satara District, 
Maharashtra, is in the Mahabaleshwar Panchgani 
Eco-sensitive zone declared in 2001 (ESZ notification 
2001). This region includes five different plateaus and 
Tableland, the largest of the five, spanning over 100 
acres, is a major tourist attraction and the most visited 
location. All these plateaus are declared conservation 
zones as per the development plan of the region (Pandit 
2014; Urban Development Department 2013). 

The Tableland witnesses the challenges due to 
anthropogenic pressures like exploitative tourism, 
trampling, grazing, fires, littering, and the introduction 
of alien species. The High Court has ordered the 
preparation of a conservation plan for the plateau 
in 2006, but there are data gaps. Therefore, as a step 
towards minimizing the data gaps, this study aims to 
document the herbaceous angiosperm diversity of 
the Tableland with a specific focus on threatened and 
endemic taxa.

The Panchgani Tableland has a history of botanical 
study dating back to the British era. This historical context 
provides a valuable opportunity to assess changes in 
floristic composition over time. This paper presents data 
from the plateau for a complete monsoon season and 
compares it with previous work by Blatter (1909).

Rock outcrops are landscapes having large 
proportions of exposed bedrock and are of common 
occurrence in the Western Ghats (Watve 2006). The 
environment on rock outcrops ranges from very hot & 
arid most of the year to waterlogged in the wet season. 
Along with seasonal water availability, shallow soil cover, 
low nutrient availability, high light, and wind intensities 
are also key environmental features associated with 
rock outcrops (Deil 2005; Porembski 2007). Organisms 
inhabiting such environments have developed adaptive 
strategies to resist, avoid, and tolerate drought through 
morphological and physiological traits (Bell 2012; 
Bechtold 2018). The habitats on the plateau include 
exposed rock surfaces, ephemeral pools, soil-covered 
areas, and disturbed soil layers. 

The present study identifies angiosperm diversity 
on the plateau along with their habit, habitats, plant      
functional types, endemicity, and conservation status. 

MATERIALS AND METHODS

Study area
Tableland is the largest among the five plateaus 

around Panchgani (Satara District, Maharashtra, 
India), and is a natural heritage site lying within the 
Mahabaleshwar–Panchgani Eco-sensitive Zone. It is 
located between      17.903o N, 73.845o E and 17.924o N, 
73.803o E at an elevation of 1,330 m (Image 1).

Geology
High-level Ferricretes (HLF) occur between 15–

18.333o N, extend inland to 74o E, and are located 
between 800–1,400 m (Widdowson & Cox 1996). The 
soil formation on the outcrops is extremely slow, and the 
soil depth varies from a few centimeters on flat areas to 
about a meter in deep cracks and depressions. The soil 
is sandy to sandy loam in texture, highly acidic, and poor 
in phosphates (Jalal & Jayanthi 2018). The Tableland is 
covered by ferricrete patches all over and is underlined 
with brown saprolite (chemically weathered rock). 
There are a few caves, towards the western edge of the 
Tableland, where the duricrust has a maximum thickness 
of 25 m, and where the saprolite has been eroded out 
(Deshpande 1998). 

Climatic conditions
The climate is characterized by three distinct seasons: 

heavy rains during monsoon (June–September) along 
with strong winds, drier winters (October–January) and 
scorching hot summers (February–May). Panchgani 
Tableland receives an average annual rainfall of approx. 
1,700 mm (Kale 2014), resulting in relative humidity often 
reaching up to 90% during monsoons. Nevertheless, 
humidity is only 14% during the dry period, when the 
temperature of the exposed rock surface is very high (58 
oC) in summer (Watve 2009) (Image 2).

Methods
Scientific literature related to floristic diversity of 

lateritic plateaus in Satara District was consulted (Blatter 
1909; Watve 2013) as a reference material. Monthly 
visits were conducted from early monsoon to early 
winter (June–November) from 2022–2024. The plants 
observed while exploring the plateau were recorded and 
identified using local and regional flora (Deshpande et al. 
1995). Endemicity was verified using Singh et al. (2015). 
The plant functional types (PFT) classification for vascular 
plants on rocky plateaus was adopted and modified from 
Kulkarni et al. (2021). The status of the species was listed 
as per the IUCN Red List (https://www.iucnredlist.org).
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RESULTS AND DISCUSSIONS 

Types of microhabitats and vegetation 
Plants on the plateaus are adapted to various 

microhabitats, and each microhabitat is unique in its 
edaphic properties, water availability, and species 
composition. The most common habitat types 
observed on plateaus are described below by following 
an established categorization for rock outcrops by 
Porembski & Barthlott (2000), and Jacobi et al. (2007) 
with some modifications (Image 3). Table 1 describes 
each of the habitats present along with the typical 
species found in that habitat. The habitats observed 
on the Tableland are: crust edges and cliffs, ephemeral 
flush vegetation, exposed rock surfaces, rock crevices & 
fissures, seasonal ponds, small ephemeral pools, soil-
covered areas, soil-filled depressions, tree cover & tree 
associates, introduced compacted soil, disturbed soil 
layer, and soil introduced for plantation. Boulders were 
absent.

Image 1. Study Area (Panchgani Tableland, Satata Dist., Maharashtra).

Floristic composition
A total of 189 species were observed on Panchgani 

Tableland, with  94% of them being herbs. The recorded 
species span 54 families. The most represented families 
are Poaceae (38 species), Fabaceae (16 species), 
Asteraceae (13 species), Acanthaceae (10 species), 
Commelinaceae (8 species), Orchidaceae (8      species), 
Lamiaceae (7 species), Lentibulariaceae (7 species), and 
Rubiaceae (7 species) (Figure 1).

The largest genus is Utricularia (7 species), followed 
by Eriocaulon (5 species). Most gregarious flowering 
is shown by Utricularia arcuata Wight, Eriocaulon 
eurypeplon Körn., Smithia hirsuta Dalzell, Exacum lawi 
C.B.Clarke, Linum mysorense B.Heyne ex Benth., and 
Parasopubia delphinifolia (L.) H.-P.Hofm. & Eb.Fisch.     

Carnivorous plants observed are seven species 
of Utricularia and two species of Drosera. Striga 
densiflora (Benth.) Benth., Striga gesnerioides (Willd.) 
Vatke, Rhamphicarpa fistulosa (Hochst.) Benth., and 
Parasopubia delphinifolia (L.) H.-P.Hofm. & Eb.Fisch. are 
hemiparasitic plants observed on the plateau.

TABLELAND
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Rare plants on the plateau
Between the year 2022 and 2024, 12 species of 

threatened plant species have been recorded. Four 
species are ‘Endangered’, viz., Dipcadi ursulae var. ursulae 
Blatt., Curcuma caulina (J.Graham) Baker, Iphigenia 
stellata Blatt., and Isachne swaminathanii V. Prakash & 

S.K. Jain. Two species are ‘Vulnerable’, viz., Eriocaulon 
tuberiferum Kulkarni & Desai, Utricularia albocaerulea 
Dalzell. Six species are ‘Near Threatened’, viz., Arisaema 
murrayi (J.Graham) Hook., Euphorbia khandallensis 
Blatt. & Hallb., Habenaria grandifloriformis Blatt. & 
McC., Pinda concanensis (Dalz.) P.K.Mukh. & Constance, 

Figure 1. Most common families of angiosperms observed on the plateau- Panchgani Tableland.

Image 2. Study area  across seasons: Panchgani Tableland. left - August , right - December. ©️ Sarita Gosavi.

No. of species vs. family
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Utricularia praeterita P. Taylor, and Vigna khandalensis 
(Santapau) Sundararagh. & Wadhwa) as per IUCN Red 
List (Table 2).

Two threatened species, Adelocaryum malabaricum 
(C.B.Clarke) Brand. (Endangered, B1ab(iii)+2ab(iii)) 
and Smithia purpurea Hook (Near Threatened, 
B1b(iii)+2b(iii)), observed by Blatter (1909), could not 
be recorded in the present exploration between 2022–
2024.

Endemism 
Among the species recorded (192) on Panchgani 

Tableland, 78 species are endemic, which constitute 
about 40% of the existing vegetation. Families with 
highest endemism are Poaceae (nine species), Fabaceae 
(nine species), Orchidaceae (six species), Commelinaceae 
(five species), Gentianaceae (five species), Apiaceae 
(four species), and Eriocaulaceae (four species) (Figure 
2).

Plant Functional Types 
The observed plants are classified into plant 

functional types according to Kulkarni et al. (2021). 
Cryptophytes have been further divided into geophytes, 
helophytes, and hydrophytes. Graminoids (Poaceae and 

Cyperaceae) and leguminous plants have been identified 
separately, and other seed-bearing plants have been 
classified under therophytes. Analysis of life form shows 
that 82 plant species (42.7%) are therophytes (other 
than graminoids and leguminous), 43 species (22.4%) 
are graminoids, 24 species (12.5%) are geophytes, 16 
species (8.3%) are leguminous, nine species (4.7%) are 
carnivorous, six species (3.1%) are helophytes, four 
species (2.1%) are hemiparasites, three species (1.6%) 
are hydrophytes, three species (1.6%) are succulents, 
and two species (1%) are epiphytes (Figure 3).

Seasonal succession and phenology
A chronological succession is observed among the 

plant communities observed on the plateau. Most 
of the plants start their growth with the advent of 
monsoon. Four major phases that can be identified are 
pre-monsoon, monsoon, post-monsoon, and summer. 
The early-monsoon phase (June–July) is characterized 
by the growth of grasses on the plateaus. The common 
grass genera are Eragrostis, Glyphochloa, Indopoa, 
Isachne, and Paspalum. Early flowering is seen in Eria 
reticosa Wight, Habenaria grandifloriformis Blatt. & 
McC., Iphigenia stellata Blatt., Hypoxis aurea Lour., 
and Indigofera dalzelli T.Cooke. The monsoon phase 

Table 1. Habitats observed on Panchgani Tableland with their description and commonly observed species.

Habitat Type Description Typical plants associated with the particular habitat

1 Crust Edges or Cliffs (C) Edges of the plateau Begonia crenata, Pinda concanensis, Pimpinella 
adscendens

2 Ephemeral Flush Vegetation (EFV) Stretches of rock covered with a sheet of water through 
the rainy season with negligible soil deposition 

Utricularia arcuata, Eriocaulon sedgewickii, Rotala 
densiflora, Pogostemon deccanensis

3 Exposed Rock Surfaces (ERS)
Flat or uneven rock surfaces exposed to direct sunlight 
with absence of soil. The tiny crevices accumulate soil 
that can host small plants

Moss, Riccia, Indopoa paupercula, Eriocaulon 
eurypeplon, Utricularia arcuata

4 Rock Crevices (RC) Present along the edge of the plateau, provides a 
unique niche Hitchenia caulina, Indigifera dalzelli, Nanotis foetida

5 Seasonal Ponds (SP) Small ponds formed only during the monsoon Marsilia, Scleria rugosa

6 Small Ephemeral Pools (SEP) Shallow depression inundated with water, with very 
little soil deposition Rotala densiflora, Fimbristylis bispicula

7 Soil Covered Areas (SCA) Soil thickness less than 20 cm
Habenaria grandifloriformis, Hypoxis aurea, Iphigenia 
stellata, Peristylis densus, Euphorbia panchganiensis, 
Smithia hirsuta, Smithia bigemina, Drosera indica

8 Soil Filled Depressions (SFD) Depressions that accumulate soil and water Eriocaulon tuberiferum, Pogostemon deccanensis, 
Rotala densiflora

9 Soil Rich Areas (SRA) Stretches with soil thickness more than 20 cm Smithia hirsuta, Murdannia simplex

10 Tree Cover And Tree Associates 
(T)

Some trees grow on the slopes of the plateau, the 
shady areas beneath the trees and the moist branches 
provide a unique habitat

Mosses, Eria reticosa, Utricularia striatula

11 Introduced Compacted Soil (ICS) Soil introduced and compacted for making pathways 
shows a drastically different habitat Habenaria grandifloriformis, Exacum lawii

12 Disturbed Soil Layer (DSL) Soil excavated from pools is deposited on some 
stretches of plateau. It has invited weeds

Argemone Mexicana, Nicandra physallodes, 
Amaranthus spinosus, Ageratum conyzoides, 
Alternanthera sessilis

13 Soil Introduced For Plantation High mounds of soil along the edges of lakes provide 
deep soil for the bigger introduced plants Ziziphus jujuba, Nerium oleander, Lantana camara
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(August–September) is characterised by mass blooming 
of mainly geophytes such as Habenaria suaveolens 
Dalzell, Habenaria heyneana Lindl., Habenaria rariflora 
A.Rich. and Eriocaulon tuberiferum Kulkarni & Desai. 
A few other abundant ephemerals that flower along 
with geophytes are Smithia hirsuta Dalzell, Smithia 
bigemina Dalz., Utricularia arcuata Wight, Eriocaulon 
eurypeplon Körn., Eriocaulon stellulatum Körn., and 
Striga gesnerioides (Willd.) Vatke. In the post-monsoon 
phase (October–December), grasses like Arundinella 
spicata Dalzell, Eulalia shrirangii Salunkhe & Potdar, 

Indopoa paupercula (Stapf) Bor ex Ramamoorthy, and 
Ischaemum impressum Hack enter flowering. Rotala 
densiflora (Roth) Koehne and Swertia densifolia (Griseb.) 
Kashyapa, are among few other taxa. The dry summer 
marks the fourth phase (January–May) during which only 
a few herbaceous species such as Blumea lacera (Burm.f.) 
DC., Euphorbia khandallensis Blatt. & Hallb., Lepidgathis 
cuspidata Nees, and Alternanthera sessilis (L.) DC. 
bloom. Few other shrubs that have been introduced to 
the plateau by anthropogenic activities also survive the 
dry summer; examples being Lantana camara L., Nerium 

Figure 2. Endemism across topmost plant families recorded from Panchgani Tableland.

Table 2. Threatened plant species observed on the Panchgani Tableland.

 Species IUCN status Criteria Population trend

1. Arisaema murrayi (J.Graham) Hook. NT B2b(iii) Unknown

2. Dipcadi ursulae Blatt. EN B2ab(iii,v) Stable

3. Eriocaulon tuberiferum Kulkarni & Desai VU B1ab(ii,iii)+2ab(ii,iii);D2 Decreasing

4. Euphorbia khandallensis Blatt. & McCann NT B1ab(iii)+2ab(iii) Unknown

5. Habenaria grandifloriformis Blatt. & McC. NT B2b(ii,iii,iv) Decreasing

6. Hitchenia caulina Baker EN B1ab(iii) Unknown

7. Iphigenia stellata Blatt. EN B2ab(i,ii,iii,v) Decreasing

8. Isachne swaminathanii V.Prakash & S.K.Jain EN B2ab(I,ii,iii) Unknown

9. Pinda concanensis (Dalz.) P.K.Mukh. & Constance NT B2b(iii) Decreasing

10. Utricularia albocaerulea Dalzell VU B1ab(i,ii,iii)+2ab(i,ii,iii) Unknown

11. Utricularia praeterita P.Taylor NT --- Unknown

12. Vigna khandalensis (Santapau) Raghavan & Wadhava NT  --- Unknown

No. of species vs. family
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oleander L., and Ziziphus jujuba Mill. The phenological 
observations showed that approximately 93% of species 
complete their reproductive cycle between August and 
January. These annuals complete their life-cycle during 
the favourable edapho-climatic conditions before the 
onset of a long dry spell. 

Adaptive traits
The plants on the plateau show certain traits that 

help them overcome the hot and dry summers, the light 
intensity, and the nutrient deficiency. A detailed account 
on the adaptation/ecophysiology of vascular plants of 
rock outcrops is provided by Kluge & Brulfert (2000). 
Some of the common adaptive traits that are observed 
on the Panchgani plateau are based on the description 
by Lekhak & Yadav (2012)

Carnivory: The acidic soil conditions deficient 
in Nitrogen, Phosphorus, and Sulfur can support 
carnivorous plants like Drosera spp. and Utricularia spp. 
These species are abundant in areas with a negligible 
layer of soil.

Succulence: Succulent plants are known to store 
water in different organs which allow them to withstand 
the harsh climate. The typical leaf succulents on the 
plateau are Cyanotis fasciculata (B.Heyne ex Roth) 
Schult. & Schult.f., Euphorbia khandallensis Blatt. & 

Figure 3. Plant functional types recorded from Panchgani Tableland.

Plant functional types

Table 3.  Comparison of species composition on Pachgani Tableland 
in 1909 and 2022–2024.

Total no. of 
species

No. of species 
reported in 

1909

No. of species 
reported in 

2022–24
Total no. of species 
reported

189 62 177

Endemic 77 29 71

Rare species 15 7 12

Aliens 24 9 24

Table 4. Comparison of plant functional types recorded from 
Panchgani Tableland in 1909 and 2022–2024.

Total no. of 
species

No. of species 
reported in 

1909

No. of species 
reported in 

2022–24

Other therophytes 82 37 74

Graminoids 43 4 43

Leguminous 15 3 14

Geophytes 26 9 26

Carnivores 8 2 8

Helophytes 6 0 6

Hemiparasites 4 2 4

Hydrophytes 3 2 1

Succulents 3 2 3

Epiphytes 2 1 2
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Figure 4. Old map of Panchgani showing table land and surroundings (Blatter 1909).

Hallb., and Kalanchoe olivacea Dalzell.
Poikilohydry: These plants can withstand dry climates 

by varying water content following the humidity in the 
environment. On the plateau, Glyphochloa forficulata 
(C.E.C.Fisch.) Clayton, Indopoa paupercula (Stapf) Bor 
ex Ramamoorthy, and Tripogon bromoides Roth are 
poikilohydrous grasses (Smrithy 2023) that can resurrect 
when sufficient moisture is available. 

Subterranean perennating organs: These plants can 
survive the dry season by producing underground organs 
like corms, rhizomes, bulbs, and tubers. Geophytes like 
Hypoxis aurea Lour., Dipcadi ursulae Blatt., Eriocaulon 
tuberiferum Kulkarni & Desai, Euphorbia khandallensis 

Blatt. & Hallb., Flemingia nilgheriensis (Benth. ex Baker 
f.) Wight ex T. Cooke, Iphigenia spp., Habenaria spp., 
Peristylus spp., and Zingiber spp. fall in this category. 

Vegetative propagation: Some plants produce bulbs 
or bulbils at the leaf tips that can help them survive the 
dry season. Curculigo orchioides Gaertn. is one such 
species present on the plateau. 

Anthropogenic influence: Panchgani Tableland, like 
most other plateaus in Maharashtra, is dominated by 
annual herbaceous vegetation, which is neglected as 
compared to the surrounding forest area. The plateau 
is also barren for a major part of the year, i.e., from 
December to May. This plateau has unique geological 
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Image 3. Habitats on tableland: a—soil filled depression | b—small ephemeral pool | c—introduced soil | d—seasonal ponds | e—crust edge 
and cliffs | f—cave | g—exposed rock surface | h—soil covered area. ©️ Ankur Patwardhan.
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features like lateritic caves attracting tourists and the 
plateau is visited by nearly one lakh tourists every year 
throughout the year. The plateau features numerous 
food stalls and paved parking spaces, while continuous 
trampling has led to barren soil patches. Movement of 
horses, horse carts, and tourists across vegetated areas 
further exacerbates trampling and vegetation loss. 
Major anthropogenic disturbances apart from these are 
grazing by horses and cattle, fires, uprooting the herbs, 
garbage littering, and soil deposition by local authorities. 
The lakes on the plateau are also visited by locals for 
immersion of idols.

Aliens: Many alien species are observed on the 
plateau, which are not characteristic of the region. 
Many of them are found at sites where the soil layer 
is disturbed. The silt in the permanent ponds has been 
removed and deposited on the plateau. This has carried 
seeds of Marigold Tagetes erecta, which is offered to 
the idols immersed in water after the Ganesh Festival. 
Ageratum conyzoides L., Alternanthera sessilis (L.) 
DC., Amaranthus spinosus L., Argemone mexicana 
L., Cardamine trichocarpa Hochst. ex A.Rich., Celosia 
argentea L., Polygonum plebeium R.Br., Verbascum 
coromandelianum (Vahl) Hub. Mor., Gynura bicolor 
(Roxb.ex Willd.) DC., Tagetes erecta L., and Nicandra 
physalodes (L.) Gaertn. have been observed on the 
plateau. The aliens are slowly invading the undisturbed 
parts of the plateau. 

Introduced plants: Some plants like Ziziphus jujuba 
Mill., Lantana camara L., and Nerium oleander L. have 
been introduced along the lakes for beautification.

Panchgani Tableland over the last century
The plateau was studied for flora by Blatter (1909) 

and the data was compared with observations in recent 
years (2022–2024). Blatter had identified four zones 
based on land use and marked the presence of species. 
Figure 4 shows an old map published in the paper by 
Blatter (1909). 

Of the 192 species documented in this study, 62 
were previously recorded by Blatter either on the 
plateau or in its vicinity. In 1909, only 31 of these species 
were reported as occurring directly on the plateau. The 
remaining species were documented from adjacent 
zones and were not known to inhabit the plateau at that 
time. The current occurrence of these species on the 
plateau suggests that they may have been introduced 
intentionally or have arrived through natural dispersal 
processes over the past century (Table 3). The data 
collection has been more exhaustive recently as is 
evident from the number of species recorded.

Out of the 62 species reported in 1909, 14 are not 
observed on the plateau in the recent past. Among these, 
there are three rare species Adelocaryum malabaricum 
(C.B.Clarke) Brand. (Endangered), Adelocaryum 
coelestinum (Lindl.) Brand., and Smithia purpurea Hook. 
(Near Threatened).

Comparison of plant life forms of species recorded in 
1909 and 2022–24 (Table 4) sheds light on the number 
of species recorded by Blatter in 1909 and by the authors 
in 2024 along with the numbers and percentages for 
various life forms. It is further interpreted that the 
percentage of cryptophytes (geophytes, helophytes, 
and hydrophytes) among the recorded species has 
significantly increased in the recent past. Geophytes 
recorded by Blatter included nine species, the number 
has risen to 23 in present study; six helophytes are 
recorded now which were missing earlier; and a species 
of hydrophytes is missing now as the number reduces 
from two to one. Cryptophytes have a special advantage 
of surviving harsh climates with the help of subterranean 
perennating organs.

CONCLUSION

The ever-increasing popularity of Panchgani Tableland 
as a tourist place makes it susceptible to anthropogenic 
pressures. It has also been recently notified as a 
conservation zone within the Mahabaleshwar Panchgani 
Eco-sensitive zone. A comparison of data collected from 
the plateau nearly a century ago (Blatter 1909) with 
current data sheds light on some of the significant species 
that are not reported now. Notable amongst them are 
species like Adelocaryum malabaricum (Endangered), 
Adelocaryum coelestinum (Near Threatened), Smithia 
purpurea (Near Threatened), and Nymphoides sp. 
Therefore, these species should be given a key priority in 
restoration.      The increasing percentage of cryptophytes 
may be correlated with edaphoclimatic data to conclude 
about the influence of the latter. A significant increase 
in the number of aliens is alarming. It is evident from 
observations that anthropogenic factors like the 
dumping of soil have largely aided the spread of aliens 
such as Argemone mexicana and Alternanthera sessilis 
that are not characteristic of lateritic plateau habitat. 
This study, therefore, provides a strong basis for guiding 
interventions on the plateau towards conservation and 
restoration. 

http://r.br
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Appendix 1. Panchgani Tableland checklist of angiosperms.

Species name (Accepted as 
per POWO) Synonyms Family Life form Ende-

micity

IUCN 
Red 
List

Recorded by 
Blatter (1909)

Recorded by 
authors in 
2024

Asystasia dalzelliana Santapau Acanthaceae Therophyte E On Panchgani 
Tableland

Asystasia gangetica (L.) T. 
Anderson var. gangetica

Asystasia violacea 
Dalzell Acanthaceae Therophyte On Panchgani 

Tableland
On Panchgani 
Tableland

Dicliptera sp. Acanthaceae Therophyte On Panchgani 
Tableland

Nicoteba betonica (L.) Lindau Justicia betonica L. Acanthaceae Therophyte In the vicinity 
of Tableland 

On Panchgani 
Tableland

Rostellularia procumbens (L.) 
Nees Justicia procumbens L. Acanthaceae Therophyte In the vicinity 

of Tableland 
On Panchgani 
Tableland

Nicoteba trinervia (Vahl) 
Lindau Justicia trinervia Vahl Acanthaceae Therophyte E On Panchgani 

Tableland
On Panchgani 
Tableland

Lepidagathis cuspidata Nees Acanthaceae Therophyte On Panchgani 
Tableland

Rungia elegans Dalzell & 
A.Gibson Acanthaceae Therophyte On Panchgani 

Tableland

Achyranthes aspera L. Amaranthaceae Therophyte On Panchgani 
Tableland

On Panchgani 
Tableland

Alternanthera sp. (Pink) Amaranthaceae Therophyte On Panchgani 
Tableland

Alternanthera sessilis (L.) DC. Alternanthera triandra 
Lam. Amaranthaceae Therophyte On Tableland 

cliff
On Panchgani 
Tableland

Amaranthus spinosus L. Amaranthaceae Therophyte On Panchgani 
Tableland

Celosia argentea L. Amaranthaceae Therophyte LC In the vicinity 
of Tableland 

On Panchgani 
Tableland

Gomphrena serrata L. Amaranthaceae Therophyte On Panchgani 
Tableland

Pinda concanensis (Dalz.) 
P.K.Mukh. & Constance

Heracleum concanense 
Dalzell Apiaceae Geophyte E NT On Tableland 

cliff
On Tableland 
cliff

Pimpinella adscendens Dalz. Apiaceae Therophyte E On Tableland 
cliff

Pimpinella candolleana Wight 
& Arn. Apiaceae Therophyte On Tableland 

cliff Absent

Pimpinella wallichiana (Miq.) 
Gandhi

Pimpinella monoica 
Dalzell Apiaceae Therophyte E On Tableland 

cliff Absent

Pimpinella tomentosa Dalzell 
ex C.B.Clarke Apiaceae Therophyte E On Tableland 

cliff Absent

Nerium oleander L. Apocynaceae Therophyte LC On Panchgani 
Tableland

Arisaema leschenalutii Blume Araceae Geophyte  On Panchgani 
Tableland

Arisaema murrayi (J.Graham) 
Hook. Araceae Geophyte E NT On Tableland 

cliff
On Tableland 
cliff

Dipcadi montanum (Dalzell) 
Baker Asparagaceae Geophyte E On Panchgani 

Tableland
Dipcadi ursulae var. ursulae 
Blatt. Dipcadi ursulae Blatt. Asparagaceae Geophyte E EN On Panchgani 

Tableland

Adenoon indicum Dalzell Asteraceae Therophyte E LC On Panchgani 
Tableland Absent

Ageratum conyzoides L. Asteraceae Therophyte LC On Tableland 
cliff,3

On Panchgani 
Tableland

Blumea lacera (Burm.f.) DC. Asteraceae Therophyte DD On Panchgani 
Tableland

Chromolaena odorata (L.) 
R.M.King & H.Rob. Asteraceae Therophyte On Panchgani 

Tableland
Eschenbachia stricta (Willd.) 
Raizadae Conyza stricta Willd. Asteraceae Therophyte On Panchgani 

Tableland
On Panchgani 
Tableland

Galinsoga parviflora Cav. Asteraceae Therophyte On Panchgani 
Tableland

Gynura bicolor (Roxb.ex Willd.) 
DC. Asteraceae Therophyte On Panchgani 

Tableland
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Species name (Accepted as 
per POWO) Synonyms Family Life form Ende-

micity

IUCN 
Red 
List

Recorded by 
Blatter (1909)

Recorded by 
authors in 
2024

Gynura nitida DC. Asteraceae Geophyte On Panchgani 
Tableland

Senecio bombayensis Balakr. Asteraceae Therophyte E On Panchgani 
Tableland

Synedrella nodiflora (L.) 
Gaertn. Asteraceae Therophyte On Panchgani 

Tableland

Tagetes erecta L. Asteraceae Therophyte On Panchgani 
Tableland

Tridax procumbens L. Asteraceae Therophyte In the vicinity 
of Tableland 

On Panchgani 
Tableland

Impatiens balsamina L. Balsaminaceae Therophyte On Panchgani 
Tableland

Impatiens dalzellii Hook.f. & 
Thomson Balsaminaceae Therophyte E On Tableland 

cliff
On Panchgani 
Tableland

Begonia crenata Dryand. Begoniaceae Geophyte E On Tableland 
cliff

On Tableland 
cliff

Cynoglossum zeylanicum (Sw. 
ex Lehm.) Thunb. ex Brand

Cynoglossum 
denticulatum var. 
zeylanicum (Sw. ex 
Lehm) C.B.Clarke

Boraginaceaae Therophyte On Panchgani 
Tableland Absent

Adelocaryum coelestinum 
(Lindl.) Brand.

Paracaryum 
coelestinum (Lindl.) 
Benth. ex C.B.Clarke/ 
Paracaryopsis 
coelestina (Lindl.) 
R.R.Mill

Boraginaceaae Therophyte E NT On Tableland 
cliff Absent

Adelocaryum malabaricum 
(C.B.Clarke) Brand.

Paracaryum 
malabaricum 
C.B.Clarke / 
Paracaryopsis 
malabarica (C.B.Clarke) 
R.R.MIll

Boraginaceaae Therophyte E EN On Tableland 
cliff Absent

Brassica sp. Brassicaceae Therophyte On Panchgani 
Tableland

Cardamine trichocarpa 
Hochst. ex A.Rich.

Cardamine 
subumbellata Hook. ex 
Hook.f.

Brassicaceae Therophyte In the vicinity 
of Tableland 

On Panchgani 
Tableland

Wahlenbergia erecta (Roth ex 
Schult.) Tuyn.

Cephalostigma 
schimperi Hochst. ex 
A.Rich.

Campanulaceae Therophyte On Panchgani 
Tableland Absent

Iphigenia pallida Baker Colchicaceae Geophyte E On Panchgani 
Tableland

Iphigenia stellata Blatt. Colchicaceae Geophyte E EN On Panchgani 
Tableland

Murdannia simplex (Vahl) 
Brenan

Aneilema sinicum Ker 
Gawl. Commelinaceae Geophyte E LC On Panchgani 

Tableland
On Panchgani 
Tableland

Commelina forskaolii Vahl Commelinaceae Therophyte On Panchgani 
Tableland

Commelina sp. Commelinaceae Therophyte On Panchgani 
Tableland

Cyanotis fasciculata (B.Heyne 
ex Roth) Schult. & Schult.f. Commelinaceae Succulent E LC On Tableland 

cliff
On Panchgani 
Tableland

Cyanotis tuberosa (Roxb.) 
Schult. & Schult.f. Commelinaceae Geophyte E On Panchgani 

Tableland
Murdannia crocea (Griff.) 
Faden Commelinaceae Therophyte E On Panchgani 

Tableland
Murdannia lanuginosa (Wall. 
ex C.B.Clarke) G.Brückn. Commelinaceae Geophyte E LC On Panchgani 

Tableland
Murdannia semiteres (Dalz) 
Sant. Commelinaceae Therophyte LC On Panchgani 

Tableland

Kalanchoe olivacea Dalzell Crassulaceae Succulent E On Panchgani 
Tableland

On Tableland 
cliff

Crotalaria sp. Crotalariaceae Therophyte On Panchgani 
Tableland

Cucumis sp. Cucurbitaceae Therophyte On Panchgani 
Tableland
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per POWO) Synonyms Family Life form Ende-

micity

IUCN 
Red 
List

Recorded by 
Blatter (1909)

Recorded by 
authors in 
2024

Cyperus flavidus Retz. Cyperaceae Graminoid LC On Panchgani 
Tableland

Fimbristylis tenera Schult Cyperaceae Graminoid On Panchgani 
Tableland

Bulbostylis densa (Wall.) 
Hand.-Mazz. Cyperaceae Graminoid LC On Panchgani 

Tableland

Fimbristylis bispicula Govind Cyperaceae Graminoid E On Panchgani 
Tableland

Scleria rugosa R.Br. Cyperaceae Graminoid LC On Panchgani 
Tableland

Drosera burmanni (Vahl) Droseraceae Carnivores LC On Panchgani 
Tableland

Drosera indica L. Droseraceae Carnivores LC On Panchgani 
Tableland

Eriocaulon odoratum Dalzell Eriocaulaceae Therophyte E LC On Panchgani 
Tableland

Eriocaulon eurypeplon Körn. Eriocaulaceae Therophyte E LC On Panchgani 
Tableland

Eriocaulon sedgwickii Fyson Eriocaulaceae Therophyte E LC On Panchgani 
Tableland

Eriocaulon stellulatum Körn. Eriocaulaceae Therophyte E LC On Panchgani 
Tableland

Eriocaulon tuberiferum 
Kulkarni & Desai Eriocaulaceae Helophyte E VU On Panchgani 

Tableland

Euphorbia khandallensis Blatt. 
& Hallb.

Euphorbia 
panchganiensis Blatt. & 
McCann

Euphorbiaceae Succulent/ 
Geophyte E NT On Panchgani 

Tableland

Desmodiastrum belgaumens 
(Wight) A. Pramanik &Thoth.

Alysicarpus 
belgaumensis Wight Fabaceae Legume E On Panchgani 

Tableland,3
On Panchgani 
Tableland

Alysicarpus monilifer (L.) DC. Alysicarpus vaginalis 
Hochst. ex Baker Fabaceae Legume On Panchgani 

Tableland
Alysicarpus tetragonolobus 
Edgew. Fabaceae Legume On Panchgani 

Tableland

Desmodium rotundifolium DC. Fabaceae Legume On Panchgani 
Tableland

Grona triflora (L.) H.Ohashi & 
K.Ohashi

Desmodium triflorum 
(L.) DC. Fabaceae Legume On Panchgani 

Tableland
Flemingia nilgheriensis (Benth. 
Ex Baker f.) Wight ex T.Cooke

Flemingia nilgheriensis 
(Baker) T.Cooke Fabaceae Legume/ 

Geophyte E On Panchgani 
Tableland

Geissaspis cristata var. tenella 
(Benth.) M.R.Almeida

Geissaspis tenella 
Benth. Fabaceae Legume E On Panchgani 

Tableland

Indigofera dalzellii T.Cooke Fabaceae Legume E On Panchgani 
Tableland

Smithia bigemina Dalz. Smithia agharkarii 
Hem. Fabaceae Legume E On Panchgani 

Tableland

Smithia hirsuta Dalzell Fabaceae Legume E LC On Panchgani 
Tableland

Smithia purpurea Hook. Fabaceae Legume E NT On Panchgani 
Tableland Absent

Smithia setulosa Dalzell Fabaceae Legume E On Panchgani 
Tableland

On Panchgani 
Tableland

Tadehagi triquetrum (L.) 
H.Ohashi Fabaceae Legume On Panchgani 

Tableland
Vigna khandalensis (Santapau) 
Sundararagh. & Wadhwa Fabaceae Legume / 

Geophyte E NT On Panchgani 
Tableland

Zornia gibbosa Span. Fabaceae Legume On Panchgani 
Tableland

Canscora diffusa (Vahl) R.Br. ex 
Roem. & Schult. Gentianaceae Therophyte On Tableland 

cliff
On Panchgani 
Tableland

Exacum lawii C.B.Clarke Gentianaceae Therophyte E LC In the vicinity 
of Tableland 

On Panchgani 
Tableland

Exacum pumilum Griseb. Gentianaceae Therophyte E On Panchgani 
Tableland
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IUCN 
Red 
List

Recorded by 
Blatter (1909)

Recorded by 
authors in 
2024

Swertia densifolia (Griseb.) 
Kashyapa

Swertia decussata 
Nimmo ex C.B.Clarke 
/ Ophelia densifolia 
Griseb.

Gentianaceae Therophyte E On Panchgani 
Tableland

On Panchgani 
Tableland

Lomatogonium minus (Griseb.) 
Fernald

Swertia minor (Griseb.) 
Knobl. / Ophelia minor 
Griseb.

Gentianaceae Therophyte E On Panchgani 
Tableland

On Panchgani 
Tableland

Hydrocharita sp. Hydrocharitaceae Hydrophyte On Panchgani 
Tableland

Curculigo orchioides Gaertn. Hypoxidaceae Geophyte On Panchgani 
Tableland

On Panchgani 
Tableland

Hypoxis aurea Lour. Hypoxidaceae Geophyte On Panchgani 
Tableland

Coleus strobilifer (Roxb.) 
A.J.Paton

Anisochilus carnosus 
(L.f.) Wall. ex Benth var. 
glabrior

Lamiaceae Therophyte E On Panchgani 
Tableland

Pogostemon stellatus (Lour.) 
Kuntze

Dysophylla stellata 
(Lour.) Benth. ex Wall. Lamiaceae Therophyte E LC On Panchgani 

Tableland
On Panchgani 
Tableland

Isodon lophanthoides (Buch.-
Ham. ex D.Don) H.Hara Lamiaceae Therophyte On Panchgani 

Tableland
Leucas montana (Roth) 
Spreng. Lamiaceae Therophyte E On Panchgani 

Tableland
On Panchgani 
Tableland

Leucas stelligera Wall. ex 
Benth. Lamiaceae Therophyte On Panchgani 

Tableland
On Panchgani 
Tableland

Pogostemon deccanensis 
(Panigr.) Press Lamiaceae Therophyte E On Panchgani 

Tableland
Utricularia albocaerulea 
Dalzell Lentibulariaceae Carnivores E VU On Panchgani 

Tableland
On Panchgani 
Tableland

Utricularia arcuata Wight Lentibulariaceae Carnivores E LC On Panchgani 
Tableland

Utricularia caerulea L. Lentibulariaceae Carnivores On Panchgani 
Tableland Absent

Utricularia praeterita P.Taylor Lentibulariaceae Carnivores E NT On Panchgani 
Tableland

Utricularia striatula Sm. Lentibulariaceae Carnivores LC On Panchgani 
Tableland

Utricularia uliginosa Vahl Lentibulariaceae Carnivores LC On Panchgani 
Tableland

Linum mysorense B.Heyne ex 
Benth. Linaceae Therophyte In the vicinity 

of Tableland 
On Panchgani 
Tableland

Rotala belgaumensis S.R. 
Yadav, Malpure & Chandore Lythraceae Helophyte E On Panchgani 

Tableland
Rotala biglandulosa Arun Pr. 
& Sardesai Lythraceae Helophyte On Panchgani 

Tableland
Rotala densiflora (Roth) 
Koehne Lythraceae Helophyte LC On Panchgani 

Tableland

Sida acuta Burm.f. Malvaceae Therophyte E On Tableland 
cliff

On Panchgani 
Tableland

Nymphoides hydrophyllum 
(Lour.) Kuntze

Limnanthemum 
cristatum (Roxb.) 
Griseb.

Menyanthaceae Hydrophyte LC On Panchgani 
Tableland Absent

Nymphoides indica (L.) Kuntze Limnanthemum 
indicum Thw. Menyanthaceae Hydrophyte LC On Panchgani 

Tableland Absent

Trigastrotheca pentaphylla (L.) Mollugo pentaphylla L. Molluginaceae Therophyte In the vicinity 
of Tableland 

On Panchgani 
Tableland

Oenothera rosea L'Hér. ex 
Aiton Onagraceae Therophyte On Panchgani 

Tableland

Eria reticosa Wight Orchidaceae Epiphyte E On Tableland 
cliff

Habenaria grandifloriformis 
Blatt. & McC. Orchidaceae Geophyte E NT On Panchgani 

Tableland

Habenaria heyneana Lindl. Orchidaceae Geophyte E On Panchgani 
Tableland

On Panchgani 
Tableland

Habenaria suaveolens Dalzell
Habenaria 
panchganiensis Sant 
& Kap.

Orchidaceae Geophyte E On Panchgani 
Tableland

On Panchgani 
Tableland
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Recorded by 
authors in 
2024

Habenaria rariflora A.Rich. Orchidaceae Geophyte E L C On Panchgani 
Tableland

Peristylus densus (Lindl.) 
Santapau & Kapadia Orchidaceae Geophyte E On Panchgani 

Tableland
Peristylus stocksii (Hook.f.) 
Kraenzl. Orchidaceae Geophyte On Panchgani 

Tableland
Porpax jerdoniana (Wight) 
Rolfe

Porpax lichenora 
(Lindl.) T.Cooke Orchidaceae Epiphyte E On Panchgani 

Tableland
On Tableland 
cliff

Striga densiflora (Benth.) 
Benth. Orobanchaceae Hemiparasite On Panchgani 

Tableland
Striga gesnerioides (Willd.) 
Vatke

Striga orobanchoides 
(R. Br.) Beth. Orobanchaceae Hemiparasite On Panchgani 

Tableland
On Panchgani 
Tableland

Biophytum sensitivum DC. Oxalidaceae Therophyte On Panchgani 
Tableland

Oxalis corniculata L. Oxalidaceae Geophyte On Panchgani 
Tableland

On Panchgani 
Tableland

Argemone mexicana L. Papavaeraceae Therophyte In the vicinity 
of Tableland 

On Panchgani 
Tableland

Glossostigma diandrum (L.) 
Kuntze Phrymaceae Helophyte LC On Panchgani 

Tableland
Glossostigma elatinoides 
(Benth.) Hook.f. Phrymaceae Helophyte On Panchgani 

Tableland

Arthraxon hispidus (Thunb.) Poaceae Graminoid On Panchgani 
Tableland

Arthraxon raizadae S.K.Jain, 
Hemadri & Deshp. Poaceae Graminoid E On Panchgani 

Tableland

Arthraxon villosus C.E.C.Fisch. Poaceae Graminoid On Panchgani 
Tableland

Arundinella spicata Dalzell Poaceae Graminoid E In the vicinity 
of Tableland 

On Panchgani 
Tableland

Chloris pycnothrix Trin. Poaceae Graminoid On Panchgani 
Tableland

Coelachne minuta Bor. Poaceae Graminoid E LC On Panchgani 
Tableland

Cynodon dactylon (L.) Pers. Poaceae Graminoid On Panchgani 
Tableland

On Panchgani 
Tableland

Dichanthium armatum 
(Hook.f.) Blatt. & McCann Poaceae Graminoid On Panchgani 

Tableland

Dimeria ornithopoda Trin. Dimeria ornithopoda 
var. megalantha Bor Poaceae Graminoid LC On Panchgani 

Tableland
On Panchgani 
Tableland

Dimeria sp. Poaceae Graminoid On Panchgani 
Tableland

Echinochloa crus-galis (L.) 
P.Beauv. Poaceae Graminoid LC On Panchgani 

Tableland

Echinochloa crus-galli subsp. 
utilis

Echinochloa crus-galli 
f. aristata (Vasinger) 
Morariu

Poaceae Graminoid On Panchgani 
Tableland

Eleusine indica (L.) Gaertn. Poaceae Graminoid LC On Panchgani 
Tableland

Eragrostis nigra Nees ex 
Steud. Poaceae Graminoid On Panchgani 

Tableland
Eragrostis tenella (L.) P. Beauv. 
ex Roam. & Schult. Poaceae Graminoid E On Panchgani 

Tableland
Eragrostis unioloides (Retz.) 
Nees ex Steud. Poaceae Graminoid On Panchgani 

Tableland
Eulalia shrirangii Salunkhe & 
Potdar Poaceae Graminoid E On Panchgani 

Tableland
Pseudopogonatherum 
trispicatum (Schult.) Ohwi

Eulalia trispicata 
(Schult.) Henrard Poaceae Graminoid On Panchgani 

Tableland
Glyphochloa forficulata 
(C.E.C.Fisch.) Clayton Poaceae Graminoid E On Panchgani 

Tableland
Heteropogon contortus (L.) 
P.Beauv. ex Roem. & Schult. Poaceae Graminoid On Panchgani 

Tableland
Indopoa paupercula (Stapf) 
Bor ex Ramamoorthy

Tripogon pauperculus 
Staph Poaceae Graminoid LC On Panchgani 

Tableland
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Isachne elegans Dalzell Poaceae Graminoid E LC On Panchgani 
Tableland

Isachne globosa (Thunb. ex 
Murray) Kuntze Poaceae Graminoid E LC On Panchgani 

Tableland

Isachne lisboae Hook.f. Isachne lisboae Hook.f. Poaceae Graminoid E On Panchgani 
Tableland

Isachne swaminathanii 
V.Prakash & S.K.Jain Poaceae Graminoid EN On Panchgani 

Tableland

Ischaemum impressum Hack Poaceae Graminoid E On Panchgani 
Tableland

Jansenella griffithiana 
(C.Muell.) Bor Poaceae Graminoid On Panchgani 

Tableland

Oryza rufipogon Griff. Poaceae Graminoid LC On Panchgani 
Tableland

Panicum sumatrense Roth Poaceae Graminoid E LC On Panchgani 
Tableland

Paspalidium sp. Paspalidium sp. Poaceae Graminoid On Panchgani 
Tableland

Paspalum canarae (Steud.) 
Veldkamp

Paspalum canarae var. 
fimbriatum (Bor) Veldk Poaceae Graminoid LC On Panchgani 

Tableland

Paspalum distichum L. Paspalum paspalodes 
(Michx.) Scribn. Poaceae Graminoid LC On Panchgani 

Tableland

Paspalum scrobiculatum L. Poaceae Graminoid LC In the vicinity 
of Tableland 

On Panchgani 
Tableland

Pseudanthistiria heteroclita 
(Roxb.) Hook.f. Poaceae Graminoid On Panchgani 

Tableland
Setaria pumila (Poir.) Roem. 
& Schult. Poaceae Graminoid On Panchgani 

Tableland

Sporobolus indicus (L.) R.Br. Poaceae Graminoid LC On Panchgani 
Tableland

Themeda quadrivalvis (L.) 
Kuntze Poaceae Graminoid E On Panchgani 

Tableland

Tripogon bromoides Roth. Tripogon bromoides 
Roem. & Schult. Poaceae Graminoid On Panchgani 

Tableland

Polygala persicariifolia DC. Polygalaceae Therophyte E In the vicinity 
of Tableland 

On Panchgani 
Tableland

Persicaria chinensis (L.) 
H.Gross

Persicaria chinensis (L.) 
Nakai Polygonaceae Therophyte On Panchgani 

Tableland
Persicaria nepalensis (Meisn.) 
H. Gross

Polygonum alatum 
(Meisn.) H.Gross Polygonaceae Therophyte On Tableland 

cliff
On Panchgani 
Tableland

Polygonum plebeium R.Br. Polygonaceae Therophyte LC On Tableland 
cliff

On Panchgani 
Tableland

Anagallis arvensis L. Primulaceae Therophyte On Tableland 
cliff

On Panchgani 
Tableland

Thalictrum dalzellii Hook. Ranunculaceae Therophyte E On Panchgani 
Tableland

Ziziphus jujuba Mill. Rhamnaceae Therophyte LC On Panchgani 
Tableland

Oldenlandia stocksii Hook.f.
Hedyotis stocksii 
(Hook.f.) R.S.Rao & 
Hemadri

Rubiaceae Therophyte On Panchgani 
Tableland

Neanotis subitilis (Miq.) 
Govaerts ex Punekar & 
Lakshmin.

Neanotis foetida 
(Dalzell) W.H.Lewis Rubiaceae Therophyte E On Panchgani 

Tableland

Neanotis lancifolia (Hook.f.) 
W.H.Lewis Rubiaceae Therophyte E On Panchgani 

Tableland
Nicandra physalodes (L.) 
Gaertn. Rubiaceae Therophyte On Panchgani 

Tableland

Spermacoce pusilla Wall. Rubiaceae Therophyte On Panchgani 
Tableland

Spermadictyon suaveolens 
Roxb. Rubiaceae Therophyte On Panchgani 

Tableland
Rhamphicarpa fistulosa 
(Hochst.) Benth.

Rhamphicarpa 
longiflora (Arn.) Bth. Scrophulariaceae Hemiparasite E LC On Panchgani 

Tableland
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Parasopubia delphiniifolia (L.) 
H.-P.Hofm. & Eb.Fisch.

Sopubia delphinifolia 
(L.) G.Don Scrophulariaceae Hemiparasite On Panchgani 

Tableland
On Panchgani 
Tableland

Sopubia trifida Buch.-Ham, 
ex D.Don Scrophulariaceae Therophyte On Panchgani 

Tableland
On Panchgani 
Tableland

Verbascum coromandelianum 
(Vahl) Hub.-Mor. Verbascum chinensis Scrophulariaceae Therophyte On Panchgani 

Tableland

Solanum virginianum L. Solanaceae Therophyte On Panchgani 
Tableland

Lantana camara L. Verbenaceae Therophyte On Panchgani 
Tableland

On Panchgani 
Tableland

Curcuma neilgherrensis Wight Zingiberaceae Geophyte On Tableland 
cliff

Curcuma caulina (J.Graham) 
Baker

Hitchenia caulina 
(J.Graham) Baker Zingiberaceae Geophyte E EN On Tableland 

cliff
On Tableland 
cliff

Threatened Taxa



Mr. Jatishwor Singh Irungbam, Biology Centre CAS, Branišovská, Czech Republic. 
Dr. Ian J. Kitching, Natural History Museum, Cromwell Road, UK 
Dr. George Mathew, Kerala Forest Research Institute, Peechi, India 
Dr. John Noyes, Natural History Museum, London, UK
Dr. Albert G. Orr, Griffith University, Nathan, Australia 
Dr. Sameer Padhye, Katholieke Universiteit Leuven, Belgium
Dr. Nancy van der Poorten, Toronto, Canada 
Dr. Kareen Schnabel, NIWA, Wellington, New Zealand 
Dr. R.M. Sharma, (Retd.) Scientist, Zoological Survey of India, Pune, India 
Dr. Manju Siliwal, WILD, Coimbatore, Tamil Nadu, India 
Dr. G.P. Sinha, Botanical Survey of India, Allahabad, India 
Dr. K.A. Subramanian, Zoological Survey of India, New Alipore, Kolkata, India 
Dr. P.M. Sureshan, Zoological Survey of India, Kozhikode, Kerala, India 
Dr. R. Varatharajan, Manipur University, Imphal, Manipur, India 
Dr. Eduard Vives, Museu de Ciències Naturals de Barcelona, Terrassa, Spain 
Dr. James Young, Hong Kong Lepidopterists’ Society, Hong Kong
Dr. R. Sundararaj, Institute of Wood Science & Technology, Bengaluru, India 
Dr. M. Nithyanandan, Environmental Department, La Ala Al Kuwait Real Estate. Co. K.S.C., 
Kuwait
Dr. Himender Bharti, Punjabi University, Punjab, India
Mr. Purnendu Roy, London, UK 
Mr. Saito Motoki, The Butterfly Society of Japan, Tokyo, Japan
Dr. Sanjay Sondhi, TITLI TRUST, Kalpavriksh, Dehradun, India  
Dr. Nguyen Thi Phuong Lien, Vietnam Academy of Science and Technology, Hanoi, Vietnam 
Dr. Nitin Kulkarni, Tropical Research Institute, Jabalpur, India 
Dr. Robin Wen Jiang Ngiam, National Parks Board, Singapore
Dr. Lional Monod, Natural History Museum of Geneva, Genève, Switzerland.
Dr. Asheesh Shivam, Nehru Gram Bharti University, Allahabad, India
Dr. Rosana Moreira da Rocha, Universidade Federal do Paraná, Curitiba, Brasil
Dr. Kurt R. Arnold, North Dakota State University, Saxony, Germany
Dr. James M. Carpenter, American Museum of Natural History, New York, USA 
Dr. David M. Claborn, Missouri State University, Springfield, USA
Dr. Kareen Schnabel, Marine Biologist, Wellington, New Zealand
Dr. Amazonas Chagas Júnior, Universidade Federal de Mato Grosso, Cuiabá, Brasil
Mr. Monsoon Jyoti Gogoi, Assam University, Silchar, Assam, India 
Dr. Heo Chong Chin, Universiti Teknologi MARA (UiTM), Selangor, Malaysia
Dr. R.J. Shiel, University of Adelaide, SA 5005, Australia
Dr. Siddharth Kulkarni, The George Washington University, Washington, USA
Dr. Priyadarsanan Dharma Rajan, ATREE, Bengaluru, India
Dr. Phil Alderslade, CSIRO Marine And Atmospheric Research, Hobart, Australia
Dr. John E.N. Veron, Coral Reef Research, Townsville, Australia
Dr. Daniel Whitmore, State Museum of Natural History Stuttgart, Rosenstein, Germany.
Dr. Yu-Feng Hsu, National Taiwan Normal University, Taipei City, Taiwan
Dr. Keith V. Wolfe, Antioch, California, USA
Dr. Siddharth Kulkarni, The Hormiga Lab, The George Washington University, Washington, 
D.C., USA
Dr. Tomas Ditrich, Faculty of Education, University of South Bohemia in Ceske 
Budejovice, Czech Republic
Dr. Mihaly Foldvari, Natural History Museum, University of Oslo, Norway
Dr. V.P. Uniyal, Wildlife Institute of India, Dehradun, Uttarakhand 248001, India
Dr. John T.D. Caleb, Zoological Survey of India, Kolkata, West Bengal, India
Dr. Priyadarsanan Dharma Rajan, Ashoka Trust for Research in Ecology and the Environment 
(ATREE), Royal Enclave, Bangalore, Karnataka, India

Fishes 

Dr. Topiltzin Contreras MacBeath, Universidad Autónoma del estado de Morelos, México 
Dr. Heok Hee Ng, National University of Singapore, Science Drive, Singapore 
Dr. Rajeev Raghavan, St. Albert’s College, Kochi, Kerala, India 
Dr. Robert D. Sluka, Chiltern Gateway Project, A Rocha UK, Southall, Middlesex, UK 
Dr. E. Vivekanandan, Central Marine Fisheries Research Institute, Chennai, India 
Dr. Davor Zanella, University of Zagreb, Zagreb, Croatia
Dr. A. Biju Kumar, University of Kerala, Thiruvananthapuram, Kerala, India
Dr. Akhilesh K.V., ICAR-Central Marine Fisheries Research Institute, Mumbai Research 
Centre, Mumbai, Maharashtra, India
Dr. J.A. Johnson, Wildlife Institute of India, Dehradun, Uttarakhand, India
Dr. R. Ravinesh, Gujarat Institute of Desert Ecology, Gujarat, India

Amphibians 

Dr. Sushil K. Dutta, Indian Institute of Science, Bengaluru, Karnataka, India 
Dr. Annemarie Ohler, Muséum national d’Histoire naturelle, Paris, France

Reptiles 

Dr. Gernot Vogel, Heidelberg, Germany 
Dr. Raju Vyas, Vadodara, Gujarat, India
Dr. Pritpal S. Soorae, Environment Agency, Abu Dubai, UAE.
Prof. Dr. Wayne J. Fuller, Near East University, Mersin, Turkey
Prof. Chandrashekher U. Rivonker, Goa University, Taleigao Plateau, Goa. India
Dr. S.R. Ganesh, Chennai Snake Park, Chennai, Tamil Nadu, India
Dr. Himansu Sekhar Das, Terrestrial & Marine Biodiversity, Abu Dhabi, UAE 
 

Birds 

Dr. Hem Sagar Baral, Charles Sturt University, NSW Australia 
Mr. H. Byju, Coimbatore, Tamil Nadu, India
Dr. Chris Bowden, Royal Society for the Protection of Birds, Sandy, UK 
Dr. Priya Davidar, Pondicherry University, Kalapet, Puducherry, India 
Dr. J.W. Duckworth, IUCN SSC, Bath, UK 
Dr. Rajah Jayapal, SACON, Coimbatore, Tamil Nadu, India 
Dr. Rajiv S. Kalsi, M.L.N. College, Yamuna Nagar, Haryana, India 
Dr. V. Santharam, Rishi Valley Education Centre, Chittoor Dt., Andhra Pradesh, India 
Dr. S. Balachandran, Bombay Natural History Society, Mumbai, India
Mr. J. Praveen, Bengaluru, India
Dr. C. Srinivasulu, Osmania University, Hyderabad, India 
Dr. K.S. Gopi Sundar, International Crane Foundation, Baraboo, USA 
Dr. Gombobaatar Sundev, Professor of Ornithology, Ulaanbaatar, Mongolia 
Prof. Reuven Yosef, International Birding & Research Centre, Eilat, Israel
Dr. Taej Mundkur, Wetlands International, Wageningen, The Netherlands
Dr. Carol Inskipp, Bishop Auckland Co., Durham, UK
Dr. Tim Inskipp, Bishop Auckland Co., Durham, UK
Dr. V. Gokula, National College, Tiruchirappalli, Tamil Nadu, India
Dr. Arkady Lelej, Russian Academy of Sciences, Vladivostok, Russia
Dr. Simon Dowell, Science Director, Chester Zoo, UK
Dr. Mário Gabriel Santiago dos Santos, Universidade de Trás-os-Montes e Alto Douro, 
Quinta de Prados, Vila Real, Portugal
Dr. Grant Connette, Smithsonian Institution, Royal, VA, USA
Dr. P.A. Azeez, Coimbatore, Tamil Nadu, India

Mammals 

Dr. Giovanni Amori, CNR - Institute of Ecosystem Studies, Rome, Italy 
Dr. Anwaruddin Chowdhury, Guwahati, India 
Dr. David Mallon, Zoological Society of London, UK 
Dr. Shomita Mukherjee, SACON, Coimbatore, Tamil Nadu, India 
Dr. Angie Appel, Wild Cat Network, Germany
Dr. P.O. Nameer, Kerala Agricultural University, Thrissur, Kerala, India 
Dr. Ian Redmond, UNEP Convention on Migratory Species, Lansdown, UK 
Dr. Heidi S. Riddle, Riddle’s Elephant and Wildlife Sanctuary, Arkansas, USA 
Dr. Karin Schwartz, George Mason University, Fairfax, Virginia. 
Dr. Lala A.K. Singh, Bhubaneswar, Orissa, India 
Dr. Mewa Singh, Mysore University, Mysore, India 
Dr. Paul Racey, University of Exeter, Devon, UK
Dr. Honnavalli N. Kumara, SACON, Anaikatty P.O., Coimbatore, Tamil Nadu, India
Dr. Nishith Dharaiya, HNG University, Patan, Gujarat, India 
Dr. Spartaco Gippoliti, Socio Onorario Società Italiana per la Storia della Fauna “Giuseppe 
Altobello”, Rome, Italy
Dr. Justus Joshua, Green Future Foundation, Tiruchirapalli, Tamil Nadu, India
Dr. H. Raghuram, Sri S. Ramasamy Naidu Memorial College, Virudhunagar, Tamil Nadu, 
India
Dr. Paul Bates, Harison Institute, Kent, UK
Dr. Jim Sanderson, Small Wild Cat Conservation Foundation, Hartford, USA
Dr. Dan Challender, University of Kent, Canterbury, UK
Dr. David Mallon, Manchester Metropolitan University, Derbyshire, UK
Dr. Brian L. Cypher, California State University-Stanislaus, Bakersfield, CA
Dr. S.S. Talmale, Zoological Survey of India, Pune, Maharashtra, India
Prof. Karan Bahadur Shah, Budhanilakantha Municipality, Kathmandu, Nepal
Dr. Susan Cheyne, Borneo Nature Foundation International, Palangkaraja, Indonesia
Dr. Hemanta Kafley, Wildlife Sciences, Tarleton State University, Texas, USA

Other Disciplines 

Dr. Aniruddha Belsare, Columbia MO 65203, USA (Veterinary)
Dr. Mandar S. Paingankar, University of Pune, Pune, Maharashtra, India (Molecular) 
Dr. Jack Tordoff, Critical Ecosystem Partnership Fund, Arlington, USA (Communities)
Dr. Ulrike Streicher, University of Oregon, Eugene, USA (Veterinary)
Dr. Hari Balasubramanian, EcoAdvisors, Nova Scotia, Canada (Communities) 
Dr. Rayanna Hellem Santos Bezerra, Universidade Federal de Sergipe, São Cristóvão, Brazil
Dr. Jamie R. Wood, Landcare Research, Canterbury, New Zealand
Dr. Wendy Collinson-Jonker, Endangered Wildlife Trust, Gauteng, South Africa 
Dr. Rajeshkumar G. Jani, Anand Agricultural University, Anand, Gujarat, India
Dr. O.N. Tiwari, Senior Scientist,  ICAR-Indian Agricultural Research Institute (IARI), New 
Delhi, India
Dr. L.D. Singla, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, India
Dr. Rupika S. Rajakaruna, University of Peradeniya, Peradeniya, Sri Lanka
Dr. Bahar Baviskar, Wild-CER, Nagpur, Maharashtra 440013, India

 
Reviewers 2021–2023
Due to pausity of space, the list of reviewers for 2021–2023 is available online.

Journal of Threatened Taxa is indexed/abstracted in Bibliography of Sys-
tematic Mycology, Biological Abstracts, BIOSIS Previews, CAB Abstracts, 
EBSCO, Google Scholar, Index Copernicus, Index Fungorum, JournalSeek, 
National Academy of Agricultural Sciences, NewJour, OCLC WorldCat, 
SCOPUS, Stanford University Libraries, Virtual Library of Biology, Zoologi-
cal Records.

NAAS rating (India) 5.64

Print copies of the Journal are available at cost. Write to:
The Managing Editor, JoTT, 
c/o Wildlife Information Liaison Development Society, 
3A2 Varadarajulu Nagar, FCI Road, Ganapathy, Coimbatore, 
Tamil Nadu 641006, India
ravi@threatenedtaxa.org & ravi@zooreach.org

The opinions expressed by the authors do not reflect the views of the 
Journal of Threatened Taxa, Wildlife Information Liaison Development Society, 
Zoo Outreach Organization, or any of the partners. The journal, the publisher, 
the host, and the partners are not responsible for the accuracy of the political 
boundaries shown in the maps by the authors. 

ravi
Cross-Out



www.threatenedtaxa.orgwww.threatenedtaxa.org

The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by 
publishing peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org.  
All articles published in JoTT are registered under Creative Commons Attribution 4.0 International License 
unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of articles in 
any medium by providing adequate credit to the author(s) and the source of publication.

OPEN ACCESS

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)

December 2025 | Vol. 17 | No. 12 | Pages: 28011–28150
Date of Publication: 26 December 2025 (Online & Print)

DOI: 10.11609/jott.2025.17.12.28011-28150

Threatened Taxa

Publisher & HostPublisher & Host

Articles

Morphometry and feeding notes of an endemic frog Amolops 
spinapectoralis (Amphibia: Ranidae) from Hue City, central Vietnam
– Loi Duc Duong, Giang Van Tran & Nghiep Thị Hoang, Pp. 28011–
28025 

Ectoparasites of Sumatran Elephants at Tangkahan Elephant Camp, 
Langkat, North Sumatra
– Kaniwa Berliani, Destiny Simarmata, Wahdi Azmi, Fithria Edhi & 
Cynthia Gozali, Pp. 28026-28035

Documenting the traditional hunting practices of the Nocte Tribe in 
Arunachal Pradesh: a case study of cultural legacy for posterity
– Miatcha Tangjang, Ajay Maletha & Kausik Banerjee, Pp. 28036–
28047

Floristic composition and plant functional types on the lateritic 
plateau of Panchgani Tableland, Maharashtra, India
– Sarita Gosavi, Pratiksha Mestry, Swapnil Vyas & Ankur Patwardhan, 
Pp. 28048–28065

Communications

Distribution of Smooth-coated Otters (Mammalia: Carnivora: 
Mustelidae: Lutrogale perspicillata) in the coastal mangroves of 
Maharashtra: a case study of Savitri River and Kalinje Mangrove 
Ecosystem
–  Swanand R. Patil & Manas Manjrekar, Pp. 28066–28075

Population dynamics and habitat preference in Painted Stork 
Mycteria leucocephala and Woolly-necked Stork Ciconia episcopus 
in Dighal Wetland, Jhajjar, Haryana, India
– Sony & Sarita Rana, Pp. 28076–28082

A preliminary checklist of avian fauna of the Raha sub-district of 
Nagaon, Assam, India
– Bhrigumohan Manta, Jonmani Kalita, Afifa Kausar, Barnali Sarma, 
Lalit Mohan Goswami & Suranjan Debnath, Pp. 28083–28095

Assemblage structure and diversity of ichthyofauna in a low-order 
stream of the Pamba River in the Western Ghats of southern Kerala, 
India
– Ruby Thomas & K. Raju Thomas, Pp. 28096–28103

Addition of Wallophis brachyura (Günther, 1866) (Colubridae) and 
Calliophis melanurus (Shaw, 1802) (Elapidae) to the reptile fauna of 
Rajasthan, India
– Vivek Sharma, B.L. Meghwal, Love Kumar Jain & Dharmendra 
Khandal, Pp. 28104–28110 

Checklist of moths (Lepidoptera: Heterocera) of Lumami campus, 
Nagaland University, India
– Keneisano Yhoshii & Lobeno Mozhui, Pp. 28111–28124

New population report of the ‘Critically Endangered’ Golden 
Himalayan Spike Phlomoides superba (Magnoliopsida: Lamiales: 
Lamiaceae) from Samba and Udhampur districts of Jammu & 
Kashmir, India
– Nisha Bhagat, Hina Upadhaya, Rupali Nanda & Rajesh Kumar 
Manhas, Pp. 28125–28130

Short Communication

A new bird record of Oriental Darter Anhinga melanogaster 
(Suliformes: Anhingidae) in Bhutan: range expansion and plastic 
entanglement mortality
– Kelzang Dorji, Khandu Subba, Pema Dorji, Kaye L. Gutiérrez & 
R.J. Gutiérrez, Pp. 28131–28134

Notes

The first distribution record of semelparous plant Thottukurinji 
Strobilanthes integrifolia (Dalzell) Kuntze (family Acanthaceae) 
for Gujarat, India
– Rasik Sojitra, Snehal Gamit, Kamlesh Gadhvi, Suhas Vyas & 
Sandip Gamit, Pp. 28135–28139

Cardamine fragariifolia O.E.Schulz (Brassicaceae): a new addition 
to the flora of Sikkim, India
– Srijana Mangar, Rohit Dutta, Phurba Lhamu Sherpa, Arun Kumar 
Rai & Arun Chettri, Pp. 28140–28143

Passiflora vesicaria var. vesicaria (Passifloraceae) - a new record 
for the flora of West Bengal, India
– S. Chowdhury, P. Barua & T.K Paul, Pp. 24144–28147

Monocarpic plietesial behaviour in Lepidagathis Willd. 
(Acanthaceae)
– Rutuja R. Kolte, Rahul D. Prabhukhanolkar, Prabha M. Pillai, 
Sharad S. Kambale, Gunadayalan Gnanasekaran & Malapati K. 
Janarthanam, Pp. 28148–28150

https://www.threatenedtaxa.org/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://zooreach.org/?page_id=2
https://orcid.org/0009-0008-0835-5574
https://orcid.org/0000-0002-0211-1391
https://orcid.org/0000-0003-3000-8049
https://orcid.org/0000-0003-3000-8049
https://orcid.org/0009-0005-8426-2589
https://orcid.org/0009-0007-3563-2250
https://orcid.org/0009-0008-5471-4929
https://orcid.org/0009-0002-4390-3659
https://orcid.org/0000-0002-0295-8824
https://orcid.org/0009-0001-4212-8286
https://orcid.org/0000-0002-4323-1533
https://orcid.org/0000-0003-0276-1949
https://orcid.org/0000-0001-5386-6842
https://orcid.org/0009-0005-1155-1291
https://orcid.org/0009-0001-8818-0581
https://orcid.org/0000-0002-6394-301X
https://orcid.org/0000-0003-2271-9705
https://orcid.org/0009-0007-1991-6640
https://orcid.org/0009-0003-0440-706X
https://orcid.org/0000-0001-7047-4269
https://orcid.org/0009-0005-4658-9046
https://orcid.org/0009-0005-7388-6097
https://orcid.org/0000-0002-5554-5644
https://orcid.org/0009-0000-4763-6362
https://orcid.org/0000-0001-8514-0245
https://orcid.org/0000-0002-1330-3225
https://orcid.org/0009-0001-4636-7540
https://orcid.org/0000-0002-4157-2780
https://orcid.org/0000-0002-4458-3186
https://orcid.org/0000-0002-2953-6728
https://orcid.org/0009-0004-6130-0956
https://orcid.org/0009-0004-7230-6567
https://orcid.org/0000-0002-3904-9237
https://orcid.org/0000-0003-3978-8977
https://orcid.org/0000-0003-3978-8977
https://orcid.org/0000-0002-1391-4122
https://orcid.org/0009-0008-0421-0028
https://orcid.org/0009-0005-2606-0807
https://orcid.org/0009-0006-3875-7289
https://orcid.org/0000-0002-3239-4716
https://orcid.org/0000-0003-3721-8129
https://orcid.org/0000-0002-0849-491X
https://orcid.org/0000-0002-8230-7959
https://orcid.org/0000-0002-9207-5274
https://orcid.org/0000-0002-2481-3685
https://orcid.org/0000-0002-2481-3685



