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PREFACE

This study is an outcome of plant explorations in Kodaikanal Wildlife Sanctuary (KWLS) from
2015 to 2019 under the Annual Research Programme of Botanical Survey of India. The contents
have been presented in two parts.

First part deals with mapping of different vegetation types (habitats of endemic and threatened
plants) and species association in respective vegetation types like the grasslands and sholas of
KWLS. The chapter provides quantitative data of each vegetation type and qualitative data of
species composition at different elevations. This apart, it includes maps of grasslands, elevation
zones and road network. During the study, the following areas were identified as priority eco-
sensitive zones requiring regular and careful monitoring and protection: 1. Vattakanal Shola and
its surrounding grasslands, 2. Vadakavunji— Pannaikkadu (Zeronium) Grasslands, 3. Pambar Shola
and 4. Poolatur Piruvi and adjoining areas.

The second portion provides taxonomic treatment of the endemic (plants exclusively
confined to the Palani Hills or restricted to the Western Ghats or the entire peninsular region
or throughout the country) and threatened plants recorded from the KWLS during the present
study. For each taxon, the correct botanical name is given in boldface, followed by the authority
and original citation. Basionym and important synonyms (if any) were provided in italics. The
standard abbreviation of the titles of the books and periodicals have been adopted. For each
species, information has been provided on description, flowering and fruiting period, distribution
and notes in the given sequence. Artificial keys to families, genera, species and infraspecific
taxa, colour photo plates for as many plant species as possible and typification of a few names
were also provided. The study has resulted in documentation of over 1800 plant taxa, of which
212 are endemic to India. One new species has been described from the sanctuary and 55 taxa
were found as new distributional records for the Kodaikanal Wildlife Sanctuary. 28 species were
identified as ‘threatened’ and require immediate conservation action. While the present study
has reaffirmed the botanical richness of KWLS, the data presented here would be helpful in
monitoring and conservation of this species rich habitat.

Authors
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INTRODUCTION

The Kodaikanal Wildlife Sanctuary (KWLS) situated in the Palani Hills of Dindigul and
Theni districts of Tamil Nadu, was established in the year 2013 to preserve the wildlife, forests
and grasslands of the region. This sanctuary is rich in flowering plant diversity, and also harbours
significant numbers of endemic and threatened species. It is part of the Western Ghats and Sri
Lanka biodiversity hotspot, one of 36 biodiversity hotspots in the world (www.cepf.net). The
rich floral and faunal diversity in the KWLS stems from its unique physiography with numerous
isolated shola-grassland ecosystems and a monsoon climate. Tropical montane habitats (the
shola-grassland complex in higher elevations) host a unique assemblage of endemic and
threatened species of plants, birds, mammals and amphibians. Despite its economic and
ecological significance, this ecologically unique tropical ecosystem is under tremendous
pressure due to various anthropogenic developmental activities, especially the conversion of
woodlands into agriculture fields, the rearing of livestock in grasslands, tourism and

urbanisation.

These threats are compounded by changes in fire regimes, soil fertility and the spread
of invasive alien species. The flawed perception that these grasslands are merely degraded
habitats has also resulted in the establishment of extensive plantations of exotic species for
timber, biofuels and carbon sequestration at vast scales (Arasumani et al,, 2018). Consequently,
Bond & Parr (2010) characterise afforestation as "one of the most severe threats' to grasslands.
Tropical montane habitats are thus amongst the most threatened habitats today and these

threats are expected to amplify with anthropogenic global climate change.

India is one of the mega biodiversity countries of the world. It has about 21984 species
of angiosperms, 82 species of gymnosperms, |1314 species of pteridophytes, 15602 species of
fungi, 9008 species of algae, 2800 species of bryophytes, and 2989 species of lichens (Mao et al.,
2022). In the view of Sir |.D. Hooker (1904), the founder of geographic botany, “The Indian
flora is more varied than that of any other country of equal area in the Eastern Hemisphere, if

not on the globe”.

According to Jha et al. (2000) “The high levels of biodiversity in the Western Ghats
face the similar stresses as other hotspots and no more than 25% of the original vegetation of
this hotspot remains intact”. Recent analysis that estimated changes in forest cover between
1973 and 1995 in the southern part of the Western Ghats using satellite data found that the
area (approximately 40,000 km?) had lost 25.6% of its forest cover”. Only 20% of the natural
forest vegetation of the YWestern Ghats remains (Collins et al, 1991) and that to in a highly

fragmented state.


http://www.cepf.net

Botanical Survey of India

Endemic plants are confined to specific habitats of a particular geographical region.
Because endemics are restricted to a particular region in limited populations, they easily fall
into the threatened category when their habitats are altered adversely. Nayar (1996) mentioned
|47 genera and 5725 species of flowering plants are endemic to Indian region [347] to
Himalayas, 2015 to Peninsular India and 239 to Andaman & Nicobar Islands]. Ahmedullah (2000)
reported 140 endemic genera; 66 to Himalayas, 59 to peninsular India and |5 through India.
Irwin & Narasimhan (201 1) enumerated only 49 genera as strict endemics to India, excluded
others due to extended distributional range and nomenclatural changes. Later Peninsular India
has about 2100 endemic plants (Nayar, 1977), of which 1270 plant species are found in the
Western Ghats alone (Nayar et al, 2014). Most of the endemic plants of southern India are
palaeoendemics, found in the hill ranges of Western Ghats and Eastern Ghats. A large number
of endemics are found in the tropical moist deciduous and tropical semi-evergreen forests of
Western Ghats. Singh et al. (2015) reported 4381 endemic vascular plants, which include 4303
angiosperms, |2 gymnosperms and 66 pteridophytes from India. The Western Ghats hotspot
supports many monotypic and species-rich endemic genera such as Anaphalis, Andrographis,
Canscora, Capillipedium, Ceropegia, Crotalaria, Curcuma, Dicanthium, Elaeocarpus, Eriocaulon,
Euphorbia, Habenaria, Hedyotis, Impatiens, Isachne, Ischaemum, Leucas, Litsea, Memecylon, Oberonia,
Osbeckia, Phyllanthus, Pimpinella, Plectranthus, Smithia, Sonerila, Strobilanthes and Syzygium.

In the year 1968 at an international conference (UNESCO, 1968) that the problem of
conservation of flora was appreciated and several recommendations were made urging the
international Biological Program (IBP), the International Union for Conservation of Nature and
Natural Resources (IUCN) and various national and international organizations to initiate
studies into these problems including the protection and preservation of wild fauna and flora in
their natural habitats/ecosystems by establishment of natural reserves. In order to counter the
threat of extinction to endemic species and conservation of wild habitats the Government of
India introduced the Wildlife Protection Act of 1972 and the National Wildlife Action Plan of
1983. Currently India has 106 National Parks, 567 Wildlife Sanctuaries, 105 Conservation
Reserves, 220 Community Reserves and |31 Marine Protected Areas (https://wii.gov.in/).
Volume 5 of the Red Data Book on angiosperms started by the Survival Commission of the
IUCN in the year 1970 (Melville, 1970), it is estimated that out of 3,00,000 plant species in the
world over 20,000 were in the category of Threatened with extinction by 2000 AD.

Of India’s 10 biogeographic zones (Rodgers et al., 2002), the Western Ghats has the
highest percentage of protected area coverage (15%), which is represented in 20 National Parks
and 68 Wildlife Sanctuaries (Rodgers et al, 2002). Since 2002, new sanctuaries have been
established, namely Meghamalai, Kodaikanal, Kanyakumari, Malabar and Nellai in the Western
Ghats.


https://wii.gov.in/
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The upgrade of reserve forests of Palani Hills to Wildlife Sanctuary has increased their
IUCN status from level VI-Protected Area with sustainable use of natural resources to level IV-
Habitat/Species Management Area. To effectively conserve the endemic and threatened
flowering plants, a comprehensive documentation of endemic and threatened plants of the
sanctuary is vital (Reddy et al, 2006). Intensive and extensive field explorations conducted
during the present study from 2015 to 2018, to documente the endemic and threatened
flowering plants of the KWLS comprehensively. Apart from this, GIS and remote sensing
techniques were used in this study to delineate different species assemblages. The vegetation
classification system was designed to more clearly understand and assess species and habitat

diversity, ecological uniqueness and naturalness of the study areas.
The present study was carried with the following objectives:

I. To conduct a comprehensive taxonomic study on the endemic and threatened

flowering plants of the Kodaikanal Wildlife Sanctuary.

2. To identify the threats to the endemic and threatened flowering plants found in the
Sanctuary, and 3. To prepare vegetation type maps of the study area.

STUDY AREA

The Kodaikanal Wildlife Sanctuary (KWLS) lies between 10°07'13°-10°25'37"N and
77°15'01°=77°43'1"E, and covers an area of about 621.8 km” in Dindigul and Theni districts of
Tamil Nadu, abutting the Kerala state boundary. This sanctuary occupies 30.06% of the Palani
Hills, 0.47% of the state’s and 0.048% of the Western Ghats geographical area (Map |; Figs. | &
2).

The Kodaikanal Wildlife Sanctuary consists of 25 Reserved Forest areas in Kodaikanal,
Palani and Periyakulam Taluks and these areas are further organized into Eight Forest Ranges:
|. Kodaikanal, 2. Berijam, 3. Vandaravu, 4. Mannavanur, 5. Poomparai, 6. Perumpallam, 7.
Devadanapatti and 8. Palani. The 25 Reserved Forest are namely, |. Kudhiraiyar, 2. Oliyanuthu,
3. Poombarai-Vilpatty, 4. Velancombai, 5. Andipatti, 6. Gundar Valley, 7. Gundar Valley
Extension, 8. Ampthill Downs, 9. Kookal, 10. Poombarai, |l. Shengalvarayar, 12.
Karungalthanimedu, |3. Amburuvi, |4. Kilanavayal, 15. Samikanal, |6. Unjalanchi, 17. Palani Hills
Southern Slope East, 18. Mulaiyar, 19. Pambar, 20. Perumalmalai, 21. Arunkanal, 22. Adukkam,
23. Maruthanadiyar, 24. Kaduguthadi and 25. Murugamalai ().
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The earliest known human artifacts in the Palani Hills are from the Megalithic Age or
Iron Age, 1500-500 BC in India. These consisted of stone dolmens which were burial sites,
often containing burial urns, iron or copper tools, weapons, ceramic items, and other materials.
Although nobody knows who built them, the sheer numbers of similar structures across
peninsular India (over 2200 sites) indicates that they would have been built by Megalithic South
Indians, probably from well-organized agricultural communities on the plains. These tombs

would have been built for wealthy noble people to assist them in the afterlife. (Ubhaykar, 2016)

The upper Palani Hills have a quasi-temperate climate with temperature ranges from
2° C to 17° C in the winter and 12° C to 21° C in the summer. The average year round
temperature is 16° C. The lower Hills become progressively warmer and temperature ranges
from 25° C to 40° C. Because the Palani Hills are east of the main spine of the Western Ghats,
they are partially in the rain shadow of the southwest monsoon that drenches Kerala, and thus
the Palani Hills may only receive rains during the Northeast monsoon between October and
December. The period from January through May is relatively dry except for intermittent
summer showers. The average annual rainfall of Kodaikanal is approximate 1700 mm

(www fallingrain.com).

The native vegetation of the Palanis has adapted to it various geographical zones. The
upper Palanis (1700-2100 m) are predominantly grasslands interspersed with tropical montane
shola forests which tend to cluster along the streams and rivers. Below this from 1300 to 1700
m is dry evergreen forest. From 800 tol300 m is dry deciduous forest, from 300 to 800 m is
savanah interspersed with dry decidous trees and from the plains to approximately 300 m

elevation is scrub forest (Matthew, 1999).

Important fauna such as Asiatic Elephant, Asian Wild Dog, Barking Deer, Black-naped
Hare, Indain Gaur, Leopard, Grey Mongoose, Grizzled Giant Squirrel, Indian Crested
Porcupine, Malabar Giant Squirrel, Nilgiri Langur, Nilgiri Tahr, Sambar Deer, Spotted Deer,
Tiger and Wild Boar occur here. Birds such as Black and Orange Flycatcher, Black Bulbul,
Crested Serpent Eagle, Greater Flameback, Grey Junglefowl, Grey-headed Canary Flycatcher,
Indian Blackbird, Indian Dcimitar Babbler, Nightjar, Nilgiri Flycatcher, Nilgiri Pipit, Palani
Laughingthrush, Oriental White Eye, Streak-throated Woodpecker, White-bellied Sholicola can

be seen.


http://www.fallingrain.com
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VEGETATION TYPE CLASSIFICATION

Satellite Remote Sensing and GIS for Mapping Vegetation Systems

Vegetation is constantly changing across areas and time, reliable information on the
extent and distribution of vegetation types is a pre-requisite for natural resource management
and planning. Knowledge of vegetation types is becoming increasingly vital in assessing and
monitoring potential vulnerability of natural ecosystems due to human-induced global

environment change.

Champion & Seth (1968) recognized |6 major forest types with 221 minor types and
|4 forest types in India. Gadgil & Meher-Homiji (1990) distinguished 42 vegetation types in India
based on association and dominance of species and the prevailing bioclimate. The existing
classification systems use ground data precisely in deciphering the patterns of species
assemblages, but do not provide spatial explicit boundaries of these assemblages. Such spatial
explicit boundaries of vegetation types are important for studying the patterns of vegetation
diversity and long term monitoring. As vegetation types in the tropical part of India represent
diverse formations, an onscreen visual image interpretation approach was found to be suitable

for delineating various vegetation types (Singh et al,, 2005; Reddy et al., 2008; Reddy et al., 2009).

Maps are a convenient and effective form of storing the spatial database of natural
resources like forest. In vegetation mapping, recent technologies such as satellite remote
sensing and GIS are widely used. For mapping and identification of habitats with different mixed
vegetation types, single species dominated systems, locale specific formations and degraded
types, the spatial resolution of 20—30 m are appropriate. These resolutions are used for
landscape scale studies of vegetation mapping (Singh et al, 2002). Vegetation mapping utilizes
both qualitative and quantitative data collection techniques in order to create a database

containing the spatial location and attribute tables of the plants (Hasmadi et al., 2009).

Porwal and Roy (1992) used landsat TM False Colour Composition to classify the
highly heterogeneous forest environment of the Western Ghats. Lele et al. (1998) used
mesoscale analysis of forest discussed and the extent of forest degradation and its causes in
Western Ghats. Nagendra & Gadgil (1999) mapped the tropical forests of the Western Ghats,
dividing them into 7 habitat types ranging from evergreen forest to paddy fields using supervised
and unsupervised classification IRS-IB, LISS-I satellite imagery.

Jha et al. (2000) mapped the present status of forest cover and the changes it has
undergone between 1973 and 1995 in the southern part of the Western Ghats forest region
using IRS — IB LISS | and Landsat MSS digital data.

8
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Vegetation type and landcover mapping of North-East India, Western Himalayas and
Western Ghats of India were mapped on a [:250000 scales by using IRS LISS data (IIRS, 2002).
Tropical evergreen forest along with other phenological types and major disturbed habitats
(grassland, orchards, mangroves, Myristica swamps and Ochlandra) were mapped. The spatial
data generated by remote sensing is useful in many ways in biodiversity monitoring and

conservation efforts.

Vegetation Type Classification Methodology

Satellite remote sensing has helped in generating products depicting coarser to very
high resolution information on distribution of species at different levels of ecological hierarchy
in the Kodaikanal Wildlife Sanctuary. The products include global vegetation type maps
providing information on predominant climatic and physiognomic vegetation types, region
specific vegetation type maps depicting local gregarious formations and unique habitats,

communities, disturbance types, and land use.

On the other hand, very high resolution data has facilitated the development of species
level distribution maps along with structural information on dominance, canopy diameters, and
age class distribution. Visual interpretation of the vegetation types was carried out and different
classes were interpreted using the onscreen digitization method. The interpreted product was
further corroborated with ground truth information and phyto-sociological data. The
interpreted vector layers of each district were mosaiced and the edge contrast and other

inconsistencies were harmonized.

Vegetation type mapping was carried out using visual, digital and hybrid interpretation
methods. The visual interpretation was done based on the size, shape, pattern, association, tone
and textural variations of different vegetation classes within a given scene. The digital
classification involved pattern recognition techniques which classified the image data into
different vegetation types on the basis of reflectance information. The difference in the
reflectance of different vegetation type classes basically depends on spatial, spectral, radiometric
and temporal resolution. In addition, hybrid classification methods involving conjunctive use of
visual and digital methods were also followed based on the requirements. In the present study,
the visual interpretation method was used and ground truth data was incorporated to delineate
different vegetation type classes. The steps given below were followed for vegetation type

mapping in the Kodaikanal WLS.
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A. Selection of Finest Season Satellite Data

Optimally, two season satellite data should be utilized to extract the vegetation types
depending on forest phenology i.e. peak growth and leaf fall season. Satellite data pertaining to
time windows of November to early January and February to early April should be used to
account the phenological variations and delineate different vegetation types. Sentinel-2 satellite
multi-seasonal  images were procured from the US. Geological Survey

(https://earthexplorer.usgs.gov/).

B. Reconnaissance survey

It is required to have a reconnaissance study of the area before attempting to classify
the vegetation pattern. Initially major vegetation types and unique ecological zones of
characteristic nature should be recorded and subjected to the intensive study of tone, texture,

pattern and associated features from the enhanced False Colour Composite images (FCC).

A total of 15 plant explorations were conducted to the Kodaikanal Wildlife Sanctuary
from August 2015 to September 2019, covering different seasons. Exploration sites were
selected based on satellite imagery and the random sampling method was adopted for collection
of plant specimens. During the study, nearly 1,500 taxa of flowering plants have been collected
from the KWLS and also 2000 ground truth points of vegetation class along with the plant
specimens in the each vegetation type. The location specific data gathered on different
vegetation types were used to prepare: (|) a template for the visual interpretation of satellite

data (2) training sets for digital classification of satellite data.

C. Map composition

The vegetation type map of Kodaikanal Wildlife Sanctuary was made with 25
December, 2016 and 3 February, 2017 Sentinel-2 satellite 10 m resolution images on 1:25,000
scales (Fig. 3). ERDAS Imagine 2013 version was used for interpreting the different vegetation
classes and ArcGIS version 10.2.1 used for map composition. A Digital Elevation Model map
was prepared to understand the species distribution at different altitude levels. Vegetation type
classification images with appropriate legends and colour scheme printed on a 1:25000 scale
using ArcMap were prepared. This study has followed the National Remote Sensing Centre
(NRSC) cartographic models for map-use requirements (field/analysis/policy decision) and
inferential content of the map. Sufficient space in each composition was retained in case in-
depth analysis of selected themes would be planned. Results are shown in the finalized maps
(Map 3.A).
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Endemic and Threatened Flowering Plants in Kodaikanal Wildlife Sanctuary, Tamil Nadu

D. Elevation range

The elevation range of the KWLS varies from 250 to 2550 m and has been shown in
the elevation map (Map 2.A). The native vegetation of the KWLS has adapted to the various
geographical zones. Peaks of the mountains with naturalised plantations and grassland with small
shola forest fragments share the agriculture landscape of Palamputtur, Pallangi, Poombarai,
Poondi, Kavunji, Mannavanur and Perumalmalai villages at elevations between 1900 and 2500
m. Perumpallam, Shembirankulam, Sowrikkadu, Pannaikkadu, Adukkam villages are at mid-
elevations ranging from 800 to 1700 m with a high number of private estates that share a
boundary with semi-evergreen forest. Devadanapatty, Andipatty, Periyakulam—Chinnur path
and Periyakulam—Periur path have dry deciduous forests surrounded by massive mango

orchards in the foothills of the sanctuary.

[.Upto 300 m - Dry deciduous scrub with scattered trees

2. 300-800 m - Dry deciduous forest with bamboo and savannah
3.800-1300 m - Moist deciduous forest and savannah

4. 1000—-1600 m - Tropical semi-evergreen forest

5. 1300-1800 m - Wet evergreen forest

6. 1800-2550 m - Grasslands, sholas and naturalized plantations
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Endemic and Threatened Flowering Plants in Kodaikanal Wildlife Sanctuary, Tamil Nadu

Results & Discussion

The total geographic area of the Kodaikanal WLS was 608.95 km? in the year 2013 and
later with a few inclusions it has increased to 621.8 km®. After accurate interpretations with
multi-seasonal satellite images, this study generated the vegetation type / land use classes map
(Map 3A). Among 8 forest ranges, 5 namely: Berijam, Kodaikanal, Mannavanur, Poombarai and
Vandaravu ranges (higher elevations) are invaded by naturalised plantation species such as
Acacia, Eucalyptus and Pinus. The naturalised plantation class is the major vegetation type that
occupies 25.1% of sanctuary’s geographical area. Due to these naturalised plantations that turn
invasive, all the 5 forest ranges have seen drastic reduction in the natural vegetation such as
shola forests and grasslands affecting species diversity. Dry deciduous forest is the major
vegetation type in Palani and Devadanapatty ranges (at lower elevations) and the second largest
vegetation class of the sanctuary. Scrub fragments are also mainly found in these two forest
ranges. Moist deciduous forest and small savannah fragments are the major vegetation types in
Perumpallam (mid elevations) range. In spite of a Protected Area, a large area (25.1%) of the
Sanctuary is occupied by plantations, followed by 24.3% of area covered by dry deciduous
forests, wet evergreen forests (16%), moist deciduous forests (14.3%), shola forests (5%),
grasslands (4.9%), scrub (4.8%), savannah (1.8%), barren land (0.6%), marshy areas (0.2%), and
0.1% covered by water (Figs. 4—14).

Table I: Vegetation types of the Kodaikanal Wildlife Sanctuary

S.No | Vegetation Class Areain Ha. | Areain km? | % of area
I Wet evergreen forest 9919.6 99.2 16.0
2 Semi-evergreen forest 1794.6 17.9 2.9
3 Moist deciduous forest 8912.0 89.1 14.3
4 Dry deciduous forest 15126.1 I51.3 24.3
5 Scrub 2962.8 29.6 4.8
6 Grassland 3019.1 30.2 4.9
7 Barren land 393.3 3.9 0.6
8 Marshy land 98.0 1.0 0.2
9 Water 65.0 0.7 0.1
10 Savannah [135.9 1.4 1.8
I Shola forest 31229 31.2 5.0
12 Plantations 15626.8 156.3 25.1

Total 62175.9 621.8 100
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A. Tropical dry deciduous forest

In this forest type the canopy is represented by deciduous species. These forests will
become entirely leafless and soil is mostly exposed for |4 months during February to May.
The canopy of the trees does not normally exceed 20 m. Bark of the tree species is thicker and
rough. The number of species is lower compared to evergreen, semi-evergreen and moist
deciduous forests. Epiphytes and ferns are occasional. Climbers are comparatively less but lianas
such as Spatholobus parviflorus, Entada rheedii and Derris scandens substitute for the tree canopy.
Herbaceous vegetation is quite common in the rainy season and is also associated with the few
remaining patches of thorn forest at elevations between 300 and 600 m, particularly in the
Devadanapatty and Palani forest ranges. In the green (rainy) season, dry deciduous forest in
FCC satellite images looks dark red in tone and smooth in texture, but during the dry (leaf
shedding) period, the areas take up a greenish shade with no evidence of foliage. Background
reflectance of dry or often burnt undergrowth marks this system. Contiguity of these forests
over large areas is common and can be generally found interspersed with contrasting linear
riverine forests in dry season. The dominant tree species are: Atalantia monophylla, Commiphora
caudata, Diospyros montana, D. ebenum, Ficus mollis, Garuga floribunda, Givotia moluccana,
Gyrocarpus asiaticus, Gardenia resinifera, Lepisanthes senegalensis, L. tetraphylla, Mitragyna parvifolia,
Pleiospermium alatum, Pterocarpus marsupium, Schleichera oleosa, Sterculia urens, Streblus asper and
Tectona grandis.

B. Tropical wet evergreen forest

This forest canopy has green foliage throughout the year and it is characterized by
evergreen trees more than 30 m high. Trees often have buttressed trunks or roots on three
sides like a tripod that helps support a tree against storms. The bark of these trees is thin and
smooth. The plants in this forest form a multi-layered pattern: shrubs cover the layer closer to
the ground (under storey), followed by the short trees (middle storey) and then the tall tress
(top storey). Ferns and different species of orchids grow on the trunks of the trees. Mosses
and aroids are quite common. In FCC images, these areas are dark or bright red in tone with
a rough texture in all seasons. Associated features include interior terrain and moist riverine

areas characterized by the interspersion of shadows.

This forest type mainly appears in Perumpallam, Poombarai and Kodaikanal ranges of
the Kodaikanal Wildlife Sanctuary at elevations ranging from 1300 to 1700 m. The major tree
species are Acronychia pedunculata, Antidesma menasu, Casearia zeylanica, Celtis timorensis,
Chionanthus ramiflorus, Cinnamomum wightii, Elaeocarpus glandulosus, Euonymus crenulatus,
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Endemic and Threatened Flowering Plants in Kodaikanal Wildlife Sanctuary, Tamil Nadu

Gordonia obtusa, llex wightiana, Litsea deccanensis, Myrsine wightiana, Mitrephora heyneana, Persea
macrantha, Photinia integrifolia, Phoebe wightii, Schefflera racemosa, Symplocos cochinchinensis,
Turpinia nepalensis, Vaccinium leschenaultii, Vaccinium neilgherrense, Viburnum cylindricum and
Xantolis tomentosa.

C. Tropical semi-evergreen forest

This forest type has a predominance of evergreen broad-leaved trees. More than 75%
of the trees remain green all over the year and the canopy is always with green foliage. This
forest type is mostly dense, comprised of a large number of tree species of both wet evergreen
and moist deciduous types. Climbers and epiphytes are abundant. In FCC images, these forests
are bright red in tone or pinkish red with medium to rough texture in all seasons. These forests
are situated in the proximity of Tropical Wet Evergreen forests and/or Tropical Moist
Deciduous Forests. An important associated feature is the presence of moist riverine tracts.
This kind of forest is situated only in the Kodaikanal forest range between 1000 and 1600 m
elevations. The major tree species are: Atalantia racemosa, Celtis tetrandra, Chrysophyllum
roxburghii, Canarium strictum, Dalbergia paniculata, Diospyros ovdlifolia, Drypetes roxburghii,
Euonymus dichotomus, Ficus drupaceaq, F. tsjahela, Litsea deccanensis, Mangifera indica, Nothopegia
beddomei, Meliosma pinnata, Melia dubia, Olea dioica, O. paniculata, Syzygium hemisphericum and
Toona ciliata.

D. Tropical moist deciduous forest

This forest type has a predominance of deciduous broad-leaf trees and consists of
seasonal tree communities with a few evergreens that have an annual cycle of leaf-on and leaf-
off periods. In tropical moist deciduous forests, the onset of leaf flushing starts in late May or
early June. The trees typically form an irregular top storey and often have branching trunks and
roots to hold them firmly in the ground. Most of the taller trees shed their leaves in the dry
season. The lower storey is predominantly occupied by evergreen trees and shrubs. The bark
of these trees tends to be thicker and rougher as compared to wet evergreen and semi-
evergreen forests. Bamboos, canes and epiphytes are restricted to certain patches. Climbers
are abundant. In FCC images this forest type appears bright red to brown-tinged red in tone
with rough or medium texture in green season images and mottled dark in tone with a medium
or smooth texture in the dry season. Formation is generally at the outer fringes of core semi-
evergreen patches extending up to the forest limits at places. Wherever it is in proximity to
dry deciduous forest, moist deciduous forests form the core of the vegetation system.
Perumpallam, Palani and Kodaikanal ranges possess these forest fragments at elevations

raninging from 800 to 1300 m. The key tree species are: Aglaia elaeagnoidea, Aphanamixis
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polystachya, Anogeissus latifolia, Artocarpus heterophyllus, Bischofia javanica, Cassine glauca, Chukrasia
tabularis, Dimocarpus longan, Diospyros ovdlifolia, Eriolaena hookeriana, Ficus amplissima, Garcinia
gummi-gutta, Haldina cordifolia, Memecylon edule, Mitrephora heyneana, Psydrax dicoccos,
Pterospermum diversifolium, Pterocarpus marsupium, Trichilia connaroides, Viburnum punctatum and

Ziziphus glabrata.
E. Montane wet temperate forest

These closed evergreen forests occur at elevation about | 500 m upwards. Such forests
are found in patches in the more sheltered sites on rolling grasslands in Western Ghats,
popularly known as ‘Shola’. Trees have bulky girth and branching crowns with a height up to 15
m. A few shola trees leaves are coriaceous and red during juvinile stage. The branches are
densely clothed with mosses, ferns and epiphytes. Lianas are very frequent in this forest type.
In FCC images, these areas are dark brown in tone with a medium to rough texture. Vandaravu,
Poombarai, Berijam, Mannavannur and Kodaikanal ranges have this forest type at elevationas
between 1700 and 2500 m. Very few patches remain due to the invasion of plantation species
such as Eucalyptus, Pinus and Acacia. The common tree species are: Actinodaphne bourneae,
Beilschmiedia wightii, Chionanthus ramiflorus, Cinnamomum wightii Cryptocarya bourdillonii
Daphniphyllum neilgherrens, Elaeocarpus variabilis, Elaeocarpus recurvatus, Glochidion zeylanicum,
Gomphandra coriacea, Isonandra perrottetiana, Litsea floribunda, L. insignis, L. keralana, L. oleoides,
Mahonia leschenaultia, Michelia nilagirica, Meliosma simplicifolia, Neolitsea fischeri, Nothapodytes
nimmoniana, Rhododendron nilagiricum, Schefflera racemosa, Symplocos foliosa, Syzygium
caryophyliatum, S. densiflorum, Viburnum cylindricum, and Xantholis tomentosa.

F. Scrub

In this forest type, tree canopy cover is less than 10%. In the sanctuary, scrubs are
mainly located in Palani and Devadanapatty ranges at elevations ranging from 250 to 600 m,
often in association with dry deciduous forests. The main shrub species are: Capparis sepiaria,
Capparis divaricata, Commiphora berryi, Drypetes sepiaria, Dichrostachys cinerea, Dodonaea viscosa,
Erythroxylum monogynum, Euphorbia antiquorum, Flueggea virosa, Grewia abutilifolia, G. hirsuta,
Maytenus heyneana, Rhus mysorensis, Tarenna asciatica and Zizyphus nummularia, with scattered

trees such as Cochlospermum religiosum, Lannea coromandelica, and Polyalthia cerasoides.
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G. Savannah

This vegetation type is dominated by naturally occurring grasses and forbs with
scattered trees or shrubs. Indian savannahs result from human interference, replacing natural
forest types ranging from tropical rain forest (rainfall >5000 mm) to thorny scrub (rainfall <400
mm). According to Gadgil et al. (1985), the rapidity of recent change has produced degradation
due to the roles of savannah in providing communal grazing and fuel wood. The savannahs are
situated at altitude ranges from 800 to 1300 m and are contiguous with wet evergreen forest,
moist deciduous forest and dry deciduous forest fragments. This vegetation type mainly occurs
in the Devadanapatty, Perumpallam and Kodaikanal forest ranges of the KWLS. Savannah is
dominated by grass species Cymbopogon sp., Heteropogon sp., Themeda sp. few scattered trees
such as Bridelia retusa, Cassine glauca, Gardenia gummifera, Phyllanthus emblica, Terminalia chebula,
and Wendlandia thyrsoidea.

H. Grasslands

In this community, grasses predominate along with forbs as co-dominants. Trees are
either absent or present in relatively small numbers. Smooth pink tones and lesser expanse
associated with hill tops and plains mark the grassland cover in FCC imagery. Grassland is
occasionally to frequently in the proximity of scrub or savannah vegetation and may mix with

barren or other land use, if single season data is used.

The following grasslands of the Kodaikanal Wildlife Sanctuary (Figs.12—14) were covered
during the surveys: |. Palamputtur grassland (1850—1950 m), 2. Kookal grassland (2100-2200
m), 3. Perumalmalai grassland (1700-2250 m), 4. Vattakanal grassland 5. Ibex peak (2200-2500
m), 6. Vadakownji—Pannaikkadu (Zeronium) grassland (1800-2000 m), 7. Navamarathu Patty—
Atukaram Patty grassland and Pallangi grassland (1200—1300 m). These grasslands contribute
4.9% of the total area of the sanctuary and occupy 30.2 km* (Map 3.B).

During extensive field surveys in these grasslands observed the following phenological
events and provided the comprehensive list of grassland taxa. A total of |55 angiospermic taxa
representing 33 families were recorded, which fall into two groups (a.) grasses (42 species) and
(b). Grassland associated species (| |3). Among the grasses | 3 species are endemic to peninsula
India and Western Ghats (Kiran et al, 2019). Anthoxanthum borii S.K. Jain & D.C. Pal is near
threatened (Kumar, 201 1a). Among the grassland associated species 43 are endemic. Gynura
travancorica W.W. Sm. is Near Threatened (Rehel, 201 1) and Anaphalis beddomei Hookf. is
Vulnerable (Kumar, 201 |b).
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The typical high altitude grassland associated species Strobilanthes kunthiana bloomed
in the year 2018 in grasslands and slopes of the sanctuary. The previous blooming was in 2006.
Most of the grasslands turn dry from January to May, during which time high-altitude grassland
shrubs bloom: Hypericum mysurense blooms from March to September, Berberis tinctoria from

February to May, and Cotoneaster buxifolius from March to May.

Based on species dominance in these 7 grasslands, a total of 4 grassland types were
categorized viz. a. Arundinella—Chrysopogon grassland, b. Chrysopogon—Cymbopogon grassland, c.
Apluda—Themeda—Cymbopogon mixed grassland, and d. Tripogon grassland.

|. The Palamputtur Chrysopogon-Cymbopogon and Tripogon Grasslands are
at elevations ranging from [850 to 1950 m and are surrounded by agriculture fields.
Chrysopogon asper and Cymbopogon flexuosus prevails on areas with thick layer of soil. Tripogon
pungens and T. narayanae spread on rocky surfaces covered with a thin soil layer. These
grasslands, which host the Nilgiri Pipit are shrinking due to the invasive fern Pteridium aquilinum
and trees species of Acacia and Eucalyptus. Adjacent revenue lands are encroaching and
threatening the sustainability of these grasslands. The present study strongly recommends the
local authorities to stop the encroachments, anthropogenic pressure and to restricting the

invasive trees.

2. The Kookal Chrysopogon-Cymbopogon Grassland at elevations between
2000 and 2200 m shares a boundary with the Anaimalai Tiger Reserve, Tamil Nadu. This
grassland is rich in biodiversity and possesses much higher populations of Rhododendron
nilagiricum compared to all the other grasslands of sanctuary. Though it is virgin grassland and
less area invaded by Acacia, the invasive fern Pteridium aquilinum and the noxious weed Ageratina
adenophora are altering the grassland composition. This grassland is in the migratory path for
the Asiatic elephant (Elephas maximus) and the best habitat for Nilgiri pipit (Anthus nilghiriensis).
Attention needs to be paid to control the population of above two invasive plant species,
prevention of seasonal grassland fires, and control of garbage left by pilgrims visiting the

Pappammal Kovil.

3. The Perumalmalai Chrysopogon—-Cymbopogon Grasslands are at elevations
ranging from 1700 to 2250 m, and are easily accessible from Kodaikanal town. This grassland
is invaded by Eucalyptus sp. and Pteridium aquilinum and fragmented into patches less than |
hectare. The present study strongly recommends that forest department to clear the Eucalyptus
sp., Lantana camara and Pteridium aquilinum periodically to protect this Nilgiri Pipit habitat (Fig.
[5A).
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