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Abstract

High altitude lateritic plateaus (locally known as sadas) are found throughout the northern Western Ghats. 
Despite their rich fl oral diversity, these plateaus are highly neglected due to their high seasonality. They are 
isolated landscapes that are subjected to edapho-climatic harshness and anthropogenic pressures. A fl oristic 
survey of ten such lateritic plateaus in southwestern Maharashtra, revealed the presence of 356 species and 
5 varieties of herbaceous plants distributed in 61 angiospermous families under 27 orders. Of the 67 endemic 
species reported from these habitats, 39 (58%) are restricted to plateaus only. Poaceae show high level of 
endemism (22 species). These plateau vegetations have varied microhabitats that support distinct plant com-
munities depending primarily on soil and moisture availability. These unprotected unique ecosystems, rich in 
fl oral diversity and endemism are in need of immediate conservation priority.
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Introduction

Lateritic plateaus or plateaux (locally known as 
sadas) are a distinct geographical feature of north-
ern Western Ghats (Surat to Goa), India. Based 
on altitude, the plateaus of Maharashtra, can be 
categorized into two types: i) low altitude later-
itic plateaus (below 100 m) commonly found in 
Konkan region and ii) high altitude lateritic pla-
teaus (above 800 m) mainly concentrated in the 
Western Ghats of Satara, Kolhapur and Ratnagiri 
districts. These fl at-topped landscapes have been 
variously termed as duricrusts, ferricretes, later-
ites or table-lands. Duricrust is a general term for 
a hard crust formed at or near the ground surface, 
irrespective of the composition (Ollier & Sheth, 
2008). Laterites are iron-rich duricrusts which have 
formed directly from the breakdown of materials 
in their immediate vicinity, and so do not contain 
any readily identifi able allochthonous component, 
whereas, ferricretes are duricrusts which incorpo-
rate materials non-indigenous to the immediate 
locality (Widdowson, 2003). Table-lands is a gen-
eral term for a fl at elevated region. Lateritic pla-
teaus are also popularly known as rock outcrops, 
i.e., habitats where portions of freely exposed bed-
rocks protrude above the soil level due to natural 
reasons (Watve, 2009). In the present article we 

have consistently used the term plateaus to refer 
to these landforms.

Plateaus in northern Western Ghats lack proper 
substrate (soil) and exhibit extreme climatic con-
ditions. Their environment usually share a series 
of stressful characteristics, such as high UV expo-
sure, daily thermal variation, constant winds, high 
evapotrasnspiration, low water retention and 
impermeable soils (Porembski & Barthlott, 2000; 
Scarano, 2002). Plant communities here are basi-
cally edaphically controlled and show adaptation 
for water accumulation, such as succulence and 
poikilohydry, carnivory in response to the lack of 
nutrients (N, P and S) in the soil and the presence 
of subterranean organs (bulbs, corms, tubers and 
rhizomes) to overcome extreme temperature dur-
ing summer. Fair amount of literature on botany, 
ecology and phytogeography is available for trop-
ical outcrops. The best-studied are granitic and 
gneissic outcrops, known as inselbergs in Africa 
and South America (Porembski & Barthlott, 2000). 
In Maharashtra, Watve (2003, 2009), Porembski & 
Watve (2005) and Watve & Thakur (2006) have con-
ducted ecological studies on the plateaus. How-
ever, fl oristic work solely on the plateaus has never 
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40 Herbaceous vegetation of threatened high altitude lateritic plateaus of SW Maharashtra

been attempted before as many of the plateaus are 
in remote areas. Secondly, the fl ora on the plateaus 
comprises mainly ephemeral and seasonal herba-
ceous elements and hence gets neglected by the 
botanists.

The present study was carried out to document 
the diversity of herbaceous angiosperms and rare, 
endemic and threatened taxa of the plateaus. The 
baseline data generated in this study will greatly 
help in both highlighting the need and planning 
for conservation ecology of fragile fl ora of the pla-
teaus.

Study Area

Geomorphology: High altitude lateritic plateaus 
form a common geomorphological feature in the 
northern Western Ghats, particularly in the dis-
tricts of southwestern Mahrashtra, viz., Satara, 
Kolhapur and Ratnagiri. These duricrusts result 
from impregnation of saprolite (rock weathered 
in situ) with iron oxides and hydroxides (Ollier & 
Sheth, 2008). They occur between the latitudes 160 

and 170 N in Maharashtra at an altitude of more 
than 850 m. These plateaus are isolated summits 
and are often referred to as terrestrial islands. The 
surface of these plateaus is strongly weathered and 
uneven that enables to support various habitats.

In the present study 10 plateaus, namely, Chalke-
wadi, Kas, Panchgani Tableland, Thoseghar (Satara 
district), Barki, Kondushi, Masai, Morjai, Shelap 
(Kolhapur district) and Gothane (Ratnagiri dis-
trict) were studied (Fig. 1). The size of the studied 
plateaus varied from 0.27 km2 to 9.67 km2 and the 
altitude from 897 m to 1317 m.

Climatic conditions: Climatological data, particu-
larly for the plateaus are lacking. The climate is char-
acterized by monsoon and the year can be divided 
into three climatic periods or seasons viz. rainy 
season (June – October), winter season (November 
– February) and summer season (March – May). 
Thus the monsoon is followed by a considerable 
stretch of dry period between November and May. 
During monsoon, plateaus experience very high 
rainfall (6000 – 7000 mm) that results in relative 
humidity often reaching up to 90%. Nevertheless, 
humidity is just 14% during the dry period, when 
the temperature of the exposed rock surface is very 
high (580C) in summer (Watve, 2009).

Methods

At least three fi eld visits were made during dif-
ferent seasons: summer (March – May), monsoon 

(June – October) and winter (November – Febru-
ary) between June 2008 and February 2012. Each 
plateau was GPS marked. The data on latitude 
and longitude thus obtained was calibrated with 
Google Earth 6.2 (http://www.google.com/earth/
index.html) for getting the images/maps of the pla-
teaus. The images so obtained were traced to mark 
the outline of the plateaus. This outline was then 
printed on a graph paper and the area (sq. km.) for 
the respective plateau was calculated. Plant speci-
mens were collected and identifi ed using local 
and regional fl oras. The identity was confi rmed at 
BSI, Pune and BLAT, Mumbai. Voucher specimens 
were deposited at SUK. Life-forms have been clas-
sifi ed as per Raunkiaer (1934). Phenology was also 
recorded. The status of the species was assessed as 
per the IUCN Red List Categories and Criteria Ver-
sion 3.1 (IUCN, 2001).

Results and Discussion

Types of Habitat and Vegetation

Plants on the plateaus are adapted to various 
microhabitats and each of these microhabitats is 
unique in its edaphic properties, water availabil-
ity and species composition. The most common 
habitat types (Fig. 2) observed on plateaus are 
described below by following a fairly established 
categorization for rock outcrops by Porembski & 
Barthlott (2000) and Jacobi et al. (2007) with some 
modifi cations.

Boulders (B): They are large rocks either isolated 
or in groups. They are usually covered by mossess. 
Some typical plants found are Aerides crispa, Bego-
nia crenata, B. trichocarpa, Dendrobium barbatulum 
and Eria reticosa.

Crust Edges or Cliffs (C): They are edges of the 
plateaus inhabited by Begonia crenata, B. trichocarpa, 
Impatiens acaulis, Piper spp., Sonerila scapigera, Tri-
pogon lisboae and T. pungens.

Ephemeral Flush Vegetation (EFV): It occurs on 
rocks where water seeps continuously through the 
rainy season and soil deposition is negligible. It 
occupies a large area on plateaus, colonized pre-
dominantly by Drosera indica, Eriocaulon spp., Fim-
bristylis tenera, Kohautia aspera, Murdannia semiteres, 
Rhamphicarpa longifl ora, Utricularia albocaerulea, U. 
praeterita, U. reticulata and U. purpurascens.

Exposed Rock Surfaces (ERS): They are fl at or 
uneven surfaces, exposed to direct sunlight. They 
gradually get covered by grasses during monsoon. 
Some common plants of the habitat are: Eriocaulon 
eurypeplon, E. minutum, E. odoratum, E. stellulatum, 
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Fig. 1. Map showing study area: a. Coloured areas indicating districts under present study in Maharashtra; b. Satellite image of 
Maharashtra, boundary of the state is highlighted and studied plateaus are GPS marked; c. Enlarged satellite image showing 
the GPS location of plateaus across the Western Ghats.
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42 Herbaceous vegetation of threatened high altitude lateritic plateaus of SW Maharashtra

Fig. 2. Habitat types on lateritic plateaus: a. Crust edges/cliffs; b. Exposed rock surfaces and boulders, inset shows a boulder 
covered with Eria reticosa; c. Ephemeral vegetation; d. Rock crevices or fi ssures; e. Seasonal ponds; f. Small ephemeral pools; 
g. Soil-covered areas; h. Soil-fi lled depressions; i. Soil-rich areas; j. Tree trunk with E. reticosa.
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lis, Garnotia arborum and Utricularia striatula grow 
on tree trunks.

Floristic Composition: A total of 356 species and 
5 varieties of angiosperms were recorded from the 
plateaus studied. These plants are distributed in 
61 families from 27 orders according to APG III 
(2009). The most speciose-families in the plateaus 
are Poaceae (68), Orchidaceae (28), Asteraceae (21), 
Fabaceae (21), Commelinaceae (15), Acanthaceae 
(14), Cyperaceae (11), Gentianaceae (10), Aspara-
gaceae (9) and Eriocaulaceae. The fi rst four repre-
sent more than 35% of the total fl ora. The largest 
genus was Habenaria (11 species), followed by Erio-
caulon with 9 species and Isachne and Murdannia 
with 8 species each. The most speciose-families 
mentioned above are either therophytes or cryp-
tophytes. Table 1 provides information on the life-
form, habit, habitat and phenology of all the spe-
cies recorded during the present study.

Endemism of the fl ora and its status: Among the 
species recorded from the plateaus studied, 67 are 
endemic to Western Ghats, of which, 39 species 
(58%) are confi ned to plateaus of the study area. 
Maximum number of endemics (41) was reported 
from Kas (Satara) while the lowest count (6) was 
recorded from Barki (Kolhapur) and Chalkewadi 
(Satara). The family Poaceae has largest num-
ber of endemic species (22 species), followed by 
Fabaceae with 5 species and Apiaceae, Apocyn-
aceae and Asteraceae with 4 species each. Irwin 
& Narasimhan (2011) in their review of endemic 
genera of angiosperms in India also mentioned 
that Poaceae exhibit highest generic endemism 
owing to its earlier stages in evolution and dyna-
mism. Similar pattern was obtained by Joshi & 
Janarthanam (2004) in their study on endemics 
of Goa region. In addition, they reported largest 
number of endemics from plateaus. As opined by 
Joshi & Janarthanam (2004) recent critical studies 
on these plateaus have added many new species 
from these plateaus (Potdar et al., 2004; Salunkhe & 
Potdar, 2004; Malpure & Yadav, 2009; Yadav et al., 
2008, 2009) which indicate the sheer need of fl oris-
tic studies on plateaus in northern Western Ghats.

A total of 305 species fell in Least Concern (LC) 
category as per the IUCN Red List Categories and 
Criteria Version 3.1 (IUCN, 2001). One species each 
was Data Defi cient (DD) and not evaluated (NE) 
while three species were Critically Endangered 
(CR), 16 were Endangered (EN), 13 were Near 
Threatened (NT) and 12 were Vulnerable (V).

Life-forms: An analysis on the life-form reveals 
that nearly 70% of the species recorded were 
Therophytes, followed by Cryptophytes (18.28 %), 

Habenaria rarifl ora, Indopoa paupercula, Neanotis foe-
tida, Utricularia albocaerulea, U. praeterita and U. 
purpurascens.

Rock Crevices/Fissures (RC): They are frequent 
on plateaus providing a unique niche. Many spe-
cies such as Arisaema leschenaultii, Ceropegia jainii, 
Flemingia nilgiriensis, Indigofera dalzellii, Murdannia 
lanuginosa, Neanotis foetida and Remusatia vivipara 
occupy these habitats.

Seasonal Ponds (SP): They are small ponds formed 
only during the monsoon. Common aquatic angio-
sperms of the ponds are Nymphoides indica, Myrio-
phyllum oliganthum, Persicaria glabra and Rotala 
ritchiei.

Small Ephemeral Pools (SEP): They are shallow 
depressions which remain fi lled with water during 
monsoon. There is hardly any soil deposition and 
plateau crust can be seen easily. Aponogeton sata-
rensis is the typical member of this habitat.

Soil-covered Areas (SCA): These are areas in 
which the soil thickness is 10 – 20 cm. The surface 
is occupied by Curculigo orchioides¸ Drosera burman-
nii, Dipcadi ursulae, Habenaria grandifl oriformis, H. 
heyneana, Hypoxis aurea, Impatiens lawii, I. tomentosa, 
Iphigenia stellata, Peristylus densus and P. stocksii.

Soil-fi lled Depressions (SFD): These are depres-
sions that accumulate soil and water. Aponogeton 
satarensis, Dopatrium junceum, Eriocaulon tuber-
iferum, Isachne lisboae, Oryza rufi pogon, Paspalum 
canarae var. canarae, Pogostemon deccanensis, Pycreus 
sanguinolentus, Rotala densifl ora and Smithia rac-
emosa are commonly found in such areas.

Soil-rich Areas (SRA): These are habitats with 
more than 20 cm soil-thickness and covered by 
mats of Pleocaulus sessilis. The gaps left between 
mats are occupied by Adenoon indicum, Curculigo 
orchioides, Flemingia nilgiriensis, Fimbristylis dichot-
oma, Hypoxis aurea, Ipomoea barleriodes, Murdannia 
lanuginosa and M. simplex.

Tree Cover and Tree Associated (T): Some tree 
species occur on soil-rich areas of plateaus. The 
covered shady areas provide a habitat which is 
entirely different from the harsh environmental 
conditions prevailing on the exposed surfaces of 
plateaus. Certain plant species grow under the 
cover of these trees are Iphigenia stellata, Liparis 
nervosa, L. rheedei, Neanotis montholoni and Nervilia 
species. Similarly, high humidity during monsoon 
makes the tree trunk or branches of tree a good 
substrate for seed germination. As a result mossess 
and other plants like Begonia crenata, Dendrobium 
barbatulum, Eria dalzellii, E. reticosa, Impatiens acau-
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paupercula, Ischaemum species, Bhidea burnsiana, 
Dimeria species, Rotala densifl ora, R. occultifl ora and 
Striga gesnerioides come in fl owering (Fig. 4d).

The fourth phase (January – May) is the dry sum-
mer during which only a few species such as Blumea 
eriantha, B. malcolmii, Crinum pratense, C. woodrowii, 
Drimia polyantha, Euphorbia fusiformis, Gnaphalium 
luteoalbum, Lepidgathis cuspidata, L. prostrata and 
Pancratium trifl orum fl ower (Fig. 4e) .

Observations on the phenology of the plants 
revealed that maximum number of species (57 spe-
cies) complete their reproductive cycle between 
August and December. This is well understood as 
nearly 70% of the species are annuals and hence 
complete their life-cycle during the favourable 
edapho-climatic conditions prior to the onset of a 
long dry spell.

Adaptive Traits: Harsh environmental conditions 
on the plateaus have given rise to plants with cer-
tain traits that allow them to overcome environ-
mental adversities. These traits help the plants to 
overcome major environmental stresses such as 
drought, high temperature and light intensities 
and nutrient defi ciency. A detailed account on the 
adaptation/ecophysiology of vasular plants of 
rock outcrops is provided by Kluge and Brulfert 
(2000). Some well-known adaptive traits that have 
been observed in the vascular plants on plateaus 
are mentioned below (modifi ed after Biedinger et 
al., 2000).

1. Carnivory: It is a means to overcome the scar-
city of N, P and S in the soil. Carnivorous plants 
are extremely calcifuge and need acidic and 
wet soils (Kluge and Brulfert, 2000). This kind 
of microhabitat is provided by plateaus. Dros-
era burmannii, D. indica, Utricularia species are 
the common carnivores on the plateaus. These 
species comprise ephemeral vegetation where 
soil deposition is negligible.

2. Succulence: Succulent plants store water in 
different organs. Succulence is a dessication-
avoidance strategy in xeric habitats. Typical leaf 
succulents of the plateaus are Cyanotis concan-
ensis, C. fasciculata var. fasciculata and Euphorbia 
fusiformis. These plants prefer dry and exposed 
surfaces.

3. Poikilohydry: These are plants in which water 
content varies with the varying humidity 
in the environment. Dessication tolerance is 
mainly a protoplasmic property (Gaff, 1980). 
Kluge and Brulfert (2000) refers to a bulk of 
literature on physiological, biochemical, and 
 molecular-biological aspects of dessication 

Chaemephytes (8.31 %), Phanerophytes (4.71 %) 
and Hemicryptophytes (1.11 %) as shown in Fig. 3. 
Out of 361 species, 337 (93%) are erect herbs and 24 
(7%) are climbers. Terrestrial habitat supports 95% 
of angiosperms recorded from the study area. The 
dominance of therophytes is possibly due to their 
greater ability to survive under disadvantageous 
environmental conditions (Porembski, 2000). Due 
to their short life-cycle and high reproduction rate, 
they are well-adapted to extreme environments 
and high levels of disturbances. They survive the 
dry spell as dormant seeds in the seed bank. Thero-
phytes may face high risk of mortality if rain fails 
or if rain is followed by a drought as these species 
are highly susceptible to drought without specifi c 
adaptations. However, the balance in the survival 
rate is achieved by their good dispersal abilities 
and production of high number of propagules 
(Krieger et al., 2003).

Seasonal succession and phenology: Plant commu-
nities on the plateaus continuously changing with 
respect to changing regimes of the climate (Fig. 4). 
Seasonal or phenological phenomena with respect to 
plateaus are studied inadequately in India except a 
study by Joshi & Janarthanam (2004). Isichei & Longe 
(1984) observed distinct phenological differences 
concerning species number and the dominance pat-
terns of plant species in a rock community in Nige-
ria. The growing season starts with the dominance 
of ephemerals and this was later replaced by peren-
nials. Both the number of species and the number of 
individuals declined after a peak at the beginning of 
the growing season. Similar pattern is observed on 
the plateaus in India. The season starts with annuals 
which are mainly grasses and ends with perennials. 
Based on the phenology of the plants four phases 
can be recognized. The fi rst being the pre monsoon 
phase (June – July) is characterized by the growth 
of grasses on the plateaus. The grass genera which 
are quite common are Eulalia, Eragrsotis, Glyphochloa, 
Isachne and Paspalum. (Fig. 4a, b).

In the monsoon phase (August – September) 
mainly geophytes such as Curculigo orchioides, Dip-
cadi ursulae, Eriocaulon tuberiferum, Flemingia nil-
giriensis, Habenaria grandifl oriformis, Hypoxis aurea, 
Iphigenia stellata, Murdannia lanuginosa and mem-
bers of the ephemeral vegetation such as Fimbri-
stylis tenera, Utricularia spp., Murdannia semiteres, 
Kohautia aspera, Eriocaulon spp. and Smithia hir-
suta come in fl owering. This is the peak fl owering 
period on the plateaus (Fig. 4c).

In the post monsoon phase (October – Decem-
ber) Arundinella spicata, Eulalia shrirangii, Indopoa 
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Chaemephytes
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Therophytes

67.59%

8.31%

18.28%

1.11%

4.71%

Fig. 3. Life-form spectrum.

 tolerance. On the plateaus, grasses like Tripogon 
lisboae and T. pungens are some poikilohydrous 
resurrection grasses.

4. Subterranean perennating organs: They are yet 
another adaptive strategy of the plants of the 
plateaus in the form of underground peren-
nation organs like corms, rhizomes, bulbs and 
tubers. Geophytes like Ceropegia spp., Cyanotis 
concanensis, Dipcadi ursulae, Eriocaulon tuber-
iferum, Euphorbia fusifomis, Flemingia nilgirien-
sis, Habenaria spp., Hypoxis aurea, Iphigenia spp., 
Peristylus and Zingiber spp. fall in this category. 
Majority of these species complete their repro-
ductive cylce during the monsoon and survive 
the dry season in the form of underground 
storage organs. Eriocaulon tuberiferum unlike 
other Eriocaulon species develops root tubers 
(in addition to seeds) at the end of rainy sea-
son which remain embedded in dry mud and 
sprout in the following rainy season.

5. Vegetative propagation: Vegetative propagules 
such as bulbs and bulbils formed at the leaf tips 
are an adaptation of some plants of plateaus. 
Scilla hyacinthina and Curculigo orchioides deve-
lope such propagules that ensure high repro-
ductive success in these habitats.

Phytogeographic affi nities: Geomorphological 
features like lateritic plateaus in South Western 
Maharashtra occur over a vast geographic range. 
They are quite common in Africa and South Amer-
ica and are known as inselbergs. Some genera like 
Burmannia, Ceropoegia, Cyanotis, Dipcadi, Drosera, 
Fimbristylis, Lindernia, Rhamphicarpa, Rotala are 
common in African outcrops (Watve, 2003). How-
ever, in overall fl oristic composition these all are 

very different. Lateritic plateaus are dominated by 
Poaceae, Orchidaceae, Asteraceae and Fabaceae. 
Their counterparts in Africa are recognized by 
high percentage of Fabaceae, Scrophulariaceae and 
Lentibulariaceae while in South America Melasto-
mataceae, Orchidaceae, Cactaceae and Bromeli-
aceae dominate (Porembski et al., 1997). Lateritic 
plateaus resemble African inselbergs in terms of 
life-form composition. Both represent therophytes 
as the pedominant life-forms. However, phanero-
phytes dominate the American inselbergs. In addi-
tion, the African outcrops are granitic while lat-
eritic plateaus in South Western Maharashtra are 
made up of basalt (Watve, 2003).

Anthropogenic infl uence: Lateritic plateaus in 
South Western Maharashtra are highly neglected 
areas from conservation point of view since they 
remain apparently barren for at least 7 months 
(November-May). Secondly, majority of the fl ora 
(90%) comprises herbaceous annuals and hence 
they are not considered important when compared 
to their surrounding forest areas. However, since 
these plateaus have rich deposits of bauxites they 
are frequently mined. In addition, increasing tour-
ism, grazing, quarrying and windmill installation 
are threatening the existence of these plateaus. 
Windmill installation is quite common on plateaus 
(Chalkewadi, Thoseghar) in Satara district. This 
has led to habitat fragmentatation. Similarly, easily 
accessible lateritic plateaus like Kas, Chalkewadi, 
Masai, Morjai and Panchgani Tableland receive 
lot of tourists during monsoon. This has encour-
aged the establishment of invasive weeds such as 
Ageratina adenophora, Oenothera rosea and Sigesbeckia 
orientalis. Some of the lateritic plateaus like Masai 
and Morjai are also associated with regional deities 
and hence are subjected to constant anthropogenic 
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Fig. 4. Seasonal succession on plateaus: a,b. Pre-monsoon phase; c. Post-monsoon phase; d. Monsoon proper; e. Dry summer.
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 pressure. Barki, Gothane, and Shelap which are 
remote areas and are so far free from such infl u-
ences.

Conclusion

It has been noted that these plateaus differ com-
pletely from their surrounding vegetation in both 
physiognomy and fl oristic aspects. In spite of 
harsh environment, plateaus are unique in hav-
ing various micro habitat conditions and species 
which are habitat specifi c. In the present study, it 
was observed that the selected plateau habitats in 
Satara, Kolhapur and Ratnagiri districts occupy 
1.4% area of Western Ghats but harbour 4.3% of 
the endemics of the Western Ghats. In addition, 
as mentioned earlier many new taxa have been 
described from plateau in the recent past. Many 
of these newly described taxa such as Eleocharis 
wadoodii, Eriocaulon epedunculatum, Mnesithea veld-
kampii are restricted to these ecosystems. This is 
one of the reasons why these plateaus need to be 
thorougly screened from the biodiversity point of 
view.

The best represented life forms, therophytes and 
cryptophytes are testimony to the harsh climatic 
conditions which prevail on plateaus. Develop-
ment of certain adaptive traits further corrobo-
rates this fact. Poikilohydry which is found to 
occur in certain plants on plateaus or other such 
ecosystems hold great promise for the future. 
Induction of poikilohydric nature, by traditional 
breeding or modern biotechnology to cereal crops, 
would be an important step towards reliable food 
production in the semiarid tropics (Gaff and Ellis, 
1974; Gaff and Latz, 1978). Hence, plateaus are 
great reservoirs of important genetic resources. In 
view of their uniqueness, high species richness, 
endemism, and constantly increasing anthropo-
genic pressure observed during the study period 
these ecosystems seek immediate conservation 
measures.
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