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Abstract and Keywords

Abstract: An attempt was made to study the existing plant diversity in the Rubber
plantations of three rubber growing districts of Kerala viz. Kottayam, Kollam and
Pathanamthitta districts. A comparison was made with the existing diversity in
adjacent Tropical forest and Open areas. Both qualitative and quantitative
assessments were made of the three types of ecosystems. The quantitave data
assessment was made using abundance data of the existing flora using frame
quadrats and, statistically analyzed using a plant diversity analysis protocol. Rank on
Abundance, Species richness estimates, Species accumulation and Rarefaction curves
were plotted. The adequacy of the sampling was established. The species richness
estimate was made using both parametric and non parametric species richness
estimators. Both alpha indexes and Evenness indexes of these areas were computed.
The Right tailed sum diversity profile showed that the rubber plantations are lower
in diversity than the Tropical Forests and the Open areas. The qualitative and
quantitative assessments revealed a low abundance of several plant species in the
Rubber plantations. Qualitative assessments have also shown that Rubber
plantations also foster the growth of 160 medical plants and 48 endemic species. The
Non metric multidimensional scaling and Principal component analysis of the
abundance data reveals that the rubber plantations are undergoing a successional
change towards a floristic composition that is similar to the Open areas. The main
vectors that are responsible for this change are Ishaemum indicum, Oplismenus
compositus, Cyathula prostrata and Cyrtococcum patens. Life form spectrum shows a
change of the plant composition of the rubber plantations that is adapted to a drier
habitat. The site of Thenmala rubber plantations which are found well within the
matrix of a tropical forest in Thenmala does not show the establishment of deep
forested species in the ground flora of these rubber plantations.

The study emphasizes the importance of measures of species diversity based on
relative abundance as well as richness in order to capture the full complexity of
diversity in conservation studies. It is suggested that Rubber plantations if managed
properly can be used as foster ecosystems to foster the growth of several medicinal
plants, endemic plants and deep forested plant species.

Key words: Hevea plantations- Tropical rain forests- Diversity assessment -
Understory vegetation - species richness - species accumulation-Non-parametric
richness estimators — vegetation analysis - Rarefaction- Rank on abundance-
Diversity profiles - Fitting distribution- SHE analysis-PCA- NMDS- deep forested
species.



PREFACE

Hevea brasiliensis (Wild.ex A. de Juss.) Muell commonly known as ‘Rubber’ is
a forest species indigenous to the forests of Central and South America and is the
major commercial source of rubber. It is also one of the most domesticated crop
species of recent times. Growth of the Indian rubber plantation industry has been
mainly through the expansion of rubber cultivation in Kerala. Today about 15% of
arable land in Kerala is used for rubber cultivation. Expanding the cultivation further

has to be seen from an ecological point of view.

The Southern Western Ghats is one of the major centers of endemism. The
state of Kerala forms a major chunk of the Southern Western Ghats. Today
ecosystems and biomes are getting destabilized as web-nuts and bolts are being
dismantled by man. Due to man induced changes in the form of road building,
forestry plantations, construction of large multipurpose dams in areas of high
conservation value, centers of endemism and species diversity, the original habitat is
fragmented into isolated patches leading to fragmentation of species populations.
This leads to more rapid rates of extinction. Tropical rain forests sustain the greatest
productivity, and most efficient soil and moisture conservation systems and maintain
the greatest diversity. Over the last century much of this heritage has been
destroyed. Half the geographical area of the state is under intense agriculture of

forest or non-forest plantations.

With increasing transformation and anthropogenic pressures on tropical
forest tracts creating fragmented landscapes it becomes important to understand
their effects on patterns of biological diversity and assess conservation. The
importance of biodiversity for maintaining life support systems of the biosphere is
well recognized. Documentation of biodiversity and the evaluation of the impact of
disturbance on species diversity patterns are fundamental to any conservation
programme. The state of Kerala is a rich resource of biodiversity, especially for
plants. Several of these plants are endemic to the Western Ghats. The loss and
extinction of species is a severe threat to endemic plants. The area of land being

converted to rubber cultivation is on a steady increase over the past 20 years. It has

one of the hishest orawth rates camnared ta ather crane One af the reacane of



support the biodiversity that exists in the Tropical Rain Forests and the likes. The
need for more effective and efficient use of land resources was one of the points
highlighted at the earth Summit in Rio de [aneiro, Brazil, in 1992. Land use systems
that degrade the resource base must be replaced by sustainable systems. One of the
major parameters of the sustainability of rubber is whether it supports the growth of
other plant and animal species. An inventory of the existing plant species and
measurement of its ecological parameters is required to indicate whether rubber
~ plantations support the growth of diverse vegetation in the required numbers
{abundance). If so methods need to be evolved to preserve our vast disappearing

species diversity and endemic flora.

This study is made in the expectation that understanding the pattern of
distribution of the plant diversity under rubber plantations will give necessary inputs
to make rubber farming ecosystems more sustainable. The study can also give
insights to using these vast plantations can be used as foster ecosystems in order to
help us preserve and conserve our fast disappearing biodiversity along with the

added advantage of being a cash crop.
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normally lives or occurs.

Distributional pattern of the plant organism where
individuals/ populations are aggregated on some spatial
scale.

A frame quadrat that is representative of the whole
area.

Represents an ecosystem. Three ecosystems chosen
are RP, OP and Forest areas.
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Chapter 1

Introduction

1.1 Historical perspectives

Hevea brasiliensis (Wild.ex A. de Juss.) Muell. commonly known as ‘Rubber’ is
a forest species indigenous to the forests of Central and South America and is the
major commercial source of rubber. It is also one of the most domesticated crop
species of recent times. The British successfully transported Hevea seeds from Brazil
for planting in the then British India (Markaham 1876, Petch 1914). The
domestication history of Hevea has been chronicled, analyzed and reviewed by many
(Wycherley 1968, Drabble 1973, Schultes 1977, Dean 1987, Baukwill 1989, Jones and
Allen 1992) The British planters were responsible for initiating rubber cultivation on
large scale plantation. The state administration also encouraged them by providing land,

labor, capital and trade facilities (Anon 1871).

Growth of the Indian rubber plantation industry has been mainly through the
expansion of rubber cultivation in Kerala. Plantation agriculture in general had its
early beginnings in the 1820s in South India, 1840s in Assam and Bengal and 1830s
in erstwhile Ceylon. It emerged in the states of Travancore and Cochin and Malabar
area of Madras Presidency, which later constituted the state of Kerala. The plantation
regions of these states started with coffee and cardamom and then moved to tea and
finally rubber. The geographical and agro climatic suitability proved congenial for
rubber cultivation in Kerala. With commercialization of agriculture, rubber became
the choice crop in the 20t Century (Baak, 1997). In 1910, in Cochin, 2753 hectares of

land and in South and Central Malabar 2429 hectares of land were under rubber
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cultivation, Rubber cultivation was mainly confined to estates in the early 1960s. One
of the striking developments of rubber since independence was the preponderance
of the small holding sector in the 1950s.The small holding sector which accounted
for 33.2 percent of the rubber area in India, in 1947 grew to 89% in .2006 (Ind.ian
Rubber Statistics 2006). In India, Hevea has been traditionally grown mostly in the
state of Kerala and to a small extent in the southern region of the state of Tamil Nadu
for more than a century. This traditional rubber growing belt lies between 8 6 and 12¢
N latitudes, between the Arabian Sea Coast and the Western slopes of the Western
Ghats. This stretch of land is characterized by fertile soils, rich in organic matter, and
receives fairly high rainfall during two distinct monsoon seasons. India is the 4t
largest producer of natural rubber next to Thailand, Indonesia and Malaysia. It shares
9% of the world rubber production. Today about 15% of arable land in Kerala is used
for rubber cultivation. Expanding the cultivation further has to be seen from an
ecological point of view. The area under rubber increased from 584,090 hectares in
2004-2005 to 594,000 hectares in 2005-2006 with a growth rate of 1.7 %. The rate of
increase in area has increased during 2005- 2006 compared to the previous years
due to the attractive price of rubber that prevails in the market. Compared to other
plantation crops in the country, rubber has recorded higher annual growth rates in
area, production and productivity during the period 1971-72 to 2004-005, the rate of
growth being 6.9, 22.2 and 6.4 percent respectively (Indian rubber statistics 2006).
Kerala alone holds 83 % of the Rubber holdings and estates in India. In Kerala the
area of land under rubber cultivation in 1970-1971 was 1, 98,424 hectares which
grew steadily to 4, 85,660 hectares in 2004-2005. Of this, 4, 46,093 hectares of land
forms small holdings and 39,567 hectares are estates (Indian Rubber statistics 2006).

Kottayam district has 1, 12,151 hectares, which is the highest area of land under
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rubber cultivation. Of this, 1, 08,112 hectares forms small holdings and 4039 hectares

are estates. Kottayam, Kollam and Pathanamthitta districts alone account for 33% of

the total land area under cultivation of rubber in Kerala.

Table 1.1 Area under cultivation of Hevea in India, Kerala State and in the districts
of Kottayam, Pathanamthitta and Kollam.

Area under rubber cultivation | Year Areain hectares
1. | India 2004-2005 | 584090
Kerala 1970-1971 | 198424
2004-2005 | 485660
Kottayam district 2004-2005 | 112151
Small holdings 2004-2005 | 108112
Estates 2004-2005 | 4039
Pathanamthitta district 2004-2005 | 47998
Small holdings 2004-2005 | 41958
Estates 2004-2005 | 6040
Kollam district 2004-2005 | 36947
Small holdings 2004-2005 | 27877
Estates 2004-2005 | 9097

1.2 Features of Rubber growing areas

Rubber plantations are located in the humid tropical regions of the world.
These regions characteristically have an annual rainfall which exceeds the annual
loss of water by evapotranspiration. Dry periods (months in which evaporation
exceeds precipitation) are typically less than three months duration, and, in
favorable locations, may not occur in any month. Rain typically falls in every month,
but there are seasonal drier and wetter periods associated with annual shifts in wind
patterns. Rainfall is sufficiently high and well distributed and the temperature

sufficiently high and even, to permit the growth of plants throughout the year. In
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locations where these ecological conditions are met, the ecological climax vegetation
is evergreen, lowland tropical rain forest (Duckham & Masefield 1970, Grigg 1970,
1974, Williams & Joseph 1973, Andreae 1981). The optimum climatic requirements

of Hevea according to Vijayakumar and SanjeevaRao (1992) are:

1. Rainfall of 2000mm or more, evenly distributed without any marked dry
season and with 125-250 rainy days per annum.

2. A maximum temperature of about 29-340 C, minimum of about 20 °C or more
with a monthly mean of 25-28 °C.

3. High atmospheric humidity of the order of 80, with moderate winds.

4. Bright sunshine amounting to about 2000 hrs, at the rate of 6 hrs per day in

all the months.

Only a few rubber growing regions qualify to fall within such a climate profile
(Yew 1982, Domroes 1984, Chan et al. 1984). Major portion of the rubber growing
area in India is confined to the west coast of the country extending from
Kanyakumari district of Tamil Nadu in the south to Coorg district of Karnataka in the
north (80 to 120 N). In traditional zones the rubber plantations are confined to the
narrow belt, approximately 700 km in length, on the western side of the Western
Ghats which enjoys both the southwest and the north east monsoon (Vijayakumar et
al. 2000). Kottayam district is a major rubber growing region in India. It is located 9
632" N, 76 636’ E, 73 m. Its mean temperature ranges from 23 °C to 31.6° C. It has a
mean annual rainfall of 3500 mm. It has a relative humidity of 76% and a mean wind
speed of 1.0 m per second. The sun shine duration is 2546 hrs per year or 6.5 hours

per day (Vijayakumar et. al. 2000).

The State of Kerala lies along the South- West corner of Peninsular India,

between 8 618’ and 12948’ N latitude and 74452’ and 77 622’ E longitudes. The State is
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bordered by the Lakshadweep Sea in the West, Tamil Nadu in the South and
Karnataka in the North. The state of Kerala has an area of 38,864 km?, which is 1.18
% of the total area of India. The State is administratively divided in to 14 districts.
Physiographically the terrain is highly diversified. The altitude varies from sea level
to 2695 m (Anamudi Peak) above mean sea level. Based on altitude, the land is

divided into
High ranges (750m asl) - Constitutes 15% of the land area.

High lands (between 75- 750 m asl)

Average height of 900m. Constitute 43% of

the land area.

Midlands (between 7.5- 75m asl) Constitutes 32% of the land area

Low lands (below 7.5m asl) - Constitutes 10% of the land area

(Kerala State Land Use Board, 1997)

The state of Kerala has a tropical climate. The varied topographical features,
high rainfall and geological conditions of the state favored the formation of different
ecosystems. The most outstanding feature of the state is the occurrence of tropical
rain forests along the windward side of the Western Ghats. The Western Ghats is one
of the mega diversity centers in India and is also a Biodiversity Hotspot. The forests
of Kerala, found along the southern Western Ghats are considered as very rich in

species diversity and endemism.

1.3 Biodiversity
The diversity of vegetation has manifested in different forest types in the
highlands of the state. The extent of the vegetation type is shown in Table 1.2. Periodic

surveys of the forest areas of Kerala are made by the Kerala forest department and
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other agencies like the Land sat imageries, Forest Survey of India etc. Table 1.2 gives

the estimates extent of forest coverage and plantation coverage according to a recent

report of the Kerala forest department in Forest Statistics (2003).

According to the Forest Statistics (2003), the State of Kerala has a total area
of 38,864 kmz2.The total forest area in the state in the year 2003 is 11264.5 kmz2. This
includes reserve and vested forest area. According to the classification of forest area
under land utilization, out of a total of 9,400 km? of effective forest area, the dense
forest areas constitute 7356.5 km? while plantations constitute 2009.3 km2. Thus
27% of the natural vegetation represented as forests in Kerala is, in the form of
Plantations, 35% constitute Tropical Wet evergreen and Semi Evergreen forest while

43% is of the Tropical Moist deciduous type.

Table 1.2 Extent of effective forest area in Kerala

S No. | Type of Forest S5q. Km
1. | Tropical wet evergreen forests.& Semi evergreen forest | 3299
2. | Tropical moist deciduous forests 4100
3. | Tropical dry deciduous forest 100
4. | Montane subtropical and temperate forest 40
5. | Grasslands 17
6. | Plantations 1814

Total 9400

The High lands of Kerala which covers approximately 20,000 km?2 are a
forested zone with occasional plantation and inhabited area. It has extensive water
bodies created by hydroelectric projects. Here natural vegetation flourishes and

forms a natural habitat of the endemics. Tropical forests have received much
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attention in recent years because of their species richness (Whitemore 1984}, high
standing biomass ((Brunig 1983) and greater productivity (Jordan 1983). These
forests also act as the major carbon sink (Lugo and Brown 1992). However, the
structure, composition and functioning of forests undergo changes as a natural
process or on account of human intervention. As a result, there is a lot of spatial and
temporal variation in the reported values of species richness, composition and
productivity. Monitoring of the vegetation stands, is useful to document the

vegetation dynamics.

The Western Ghats is one of the 18 mega diversity centers of the world. It is
also a biodiversity hotspot. The forests of Kerala are along the Southern Western
Ghats, which is considered as the most species rich region and area of endemism in
the Western Ghats. The most outstanding feature of the Southern Western Ghats is
the formation of tropical rain forests along the wind ward side, rxemarkable for the
rich biodiversity. Western Ghats has also been identified as a’ hot spot’- an area of
high level of diversity also under considerable threat (Myers, 1990). Inventorying
and monitoring of the biological diversity of the Western Ghats is therefore a
challenge before the community of systematists, biogeographers and ecologists of
India (Gadgil 1996).The Western Ghats alone harbor around 5500 species of
flowering plants (Nair& Daniel 1986). More recent estimates by Nayar (1996) have
shown the presence of 5725 species of flowering plants. Globally, flowering plants
are estimated to constitute 2.5% of the total number of species of all groups
(Heywood 1995).This leads to an estimate of 2, 20,000 species over the Western

Ghats (Ghate et. al. 1998).

The complete flora of Kerala has not yet been published although floras of the

most of the districts have been studied during the last three decades. The angiosperm
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flora compiled by Nair 1997 shows that, the flora of Kerala consists of 10,035 plant
species and form 22 percent of the flora of India (SBSAP for Kerala, 2005). Kerala
occupies less than 2 % of the total land area of the country. Among these plant
species 3,800 are flowering plants. Fungi outnumber the flowering plants with about
4,800 species followed by Lichens, Bryophytes, Algae and Pteridophytes. The
richness and diversity of the flora of the state is evident because of the high number
of endemics found in this area. As many as 1637 plant species endemic to the
Western Ghats are found in Kerala out of which 263 species are only found in Kerala

(Sasidharan 2004).

Endemic plants are the taxa which enjoy very restricted distribution because
of geographical and ecological barriers. The Peninsular regions are almost identical
to islands in having conditions that favour endemism (Turil 1964, Blasco 1970)
observed that the South Indian hill tops are rich in endemic species. According to
Muthuramkumar et al. (2006), out of the 4780 flowering plants found in the Western
Ghats 2180 species (48.6%) are endemic. Nayar (1980b) reported that 56 genera are

endemic to the Western Ghats.

Gadgil & Meher- Homji (1990) on the basis of endemism and speciation
divided India into 20 phytogeographical regions. The Southern Western Ghats is one
of the major ce-nters of endemism. The state of Kerala forms a major chunk of the
Southern Western Ghats. The endemic species in the flora of a geographical region
are very significant. They reveal the biogeography of the area, center of speciation

and adaptive evolution.

One of the major tenets of ecology is that, all ecosystems tend to move
towards stability. The more diverse and complex the ecosystems, the more stable it

is. The more the species there are and the more they interrelate, the more stable is
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their environment (Goldsmith et al. 1972). Today ecosystems and biomes are getting
destabilized as web-nuts and bolts are being dismantled by man. Due to man induced
changes in the form of road building, forestry plantations, construction of large
multipurpose dams in areas of high conservation value, centers of endemism and
species diversity, the original habitat is fragmented into isolated patches leading to
fragmentation of species populations. Each isolated fragment behaves like an island
(Mac Arthur and Wilson 1967). Most of the areas of the Western Ghats come under
this category. In such fragmented systems, smaller fragments will initially contain
more species than they can hold at equilibrium. The rate of extinction is faster in such
smaller group than in bigger habitat as ecological niches available for the survival

will be proportionally reduced (Nayar 1996).

India has less than 2% of the total forest area of the world and it supports
15% of the world population. We are losing 47,500 hectares of forest cover every
year (National Strategy for Conservation and Sustainable Development 1990). FAO
(1981) has estimated the closed forest cover area of India as 51,841 hectares and its

deforestation rate as 0.3 % per year.

The habitat for man has taken precedence over habitat for plants and
animals. Myers (1988) stated that “the demise of tropical forests brings in mass
extinction of species”. Endemic plants of narrow distribution are already facing the
threat of becoming extinct. Biotic interference and deforestation have made even
many non- endemic plants extinct. Raven (1977) reported that 63.3 % of the tropical
rain forests in India, Burma and Sri Lanka have been destroyed for human use up to
the year 1975. The existing protected area which is 4.2% of India’s land area is under
pressure and some of them threatened. Mass extinction of the narrow Indian

peninsular endemics is an imminent possibility. Out of the 5725 endemics found in
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India, 2500 are rare species. Of these 2015 species are endemic to Peninsular India
and out of these 1500 are endemic to the Western Ghats alone. Nayar (1996)
reported 60 endemic genera in the Western Ghats. A total.of 1381 endemic taxa are
reported in Kerala (Sasidharan, 2002b). Of these, 496 are placed in threat categories.
However, the latest compilation reveals the presence of 1637 species endemic to
Southern Western Ghats out of which 263 occur only in Kerala (Sasidharan, 2004).
Most of the endemic species with small geographic range end up as rare species and
later threatened species unless their habitat is protected. It is important to
understand the biology and autecology of endemic species in order to find out

intrinsic causative factors leading to rarity.

1.4 Forest Fragmentation and its repercussion

Global biodiversity loss is closely related to the destruction and
fragmentation of the Tropical rainforests (Benitez- Malvido and Mart'inez-Ramos
2003). While plant species diversity is rapidly lost in forest areas cleared for
agriculture the rate at which plant species diversity changes in the remaining
fragmented forest is poorly known. Forest fragmentation in tropics severely affects
large trees (Laurance et al. 1977, 1998a, 1998b, 2000, Curran et al. 1999 and Gascon
et al. 2000) but its effects on other life stages and plant life forms is poorly

understood (Benitez- Malvido 1998, Scariot 1999).

Among terrestrial ecosystems, Tropical rain forests sustain the greatest
productivity, and most efficient soil and moisture conservation systems and maintain
the greatest diversity. Over the last century much of this heritage has been
destroyed, along with many of its material benefits. Deforestation has now seriously
made soils less productive, water supply more erratic, floods more frequent and

severe and diminished timber supplies all on a serious scale. We have only recently




Chapter 1: Introduction

come to realize and appreciate many of the values of areas which are natural or near
natural. In recent times a paradigm change in the use and valuation of forests has
take‘n place in developed countries. Forests are valued for water quality, recreation,
climate in urban societies. They are also valued globally for their effect on the
atmosphere and for their store of genetic information. Hence there is an urgent need

for their conservation.

Kerala state being highly populated and agro- climatically suitable for many
crops, the wild and the domesticated biodiversity are under severe threat (SBSAP 2005).
Half the geographical area of the state is under intense agriculture of forest or non-forest
plantations. Between 1950-1970 About 3,500 km of forest lands were transformed into
non- forestry purpose (Nair and Daniel 1986). This is apart from the destruction of
natural forest for ‘productive purposes like plantation of tea, coffee, rubber and the
monoculturing of exotic trees like the Eucalyptus. Over exploitation of plants from the
forest for use in the indigenous systems of medicine also accelerates the process of
destruction of individual species. This has affected the once rich biodiversity of the State
and has also paved the way for the introduction of several exotic crops. In the case of
domesticated plant diversity, improved varieties of crop species have replaced the
indigenous species and strains. Genetic erosion has taken place in both domesticated
plant and animal diversity. Protected forests are areas where, rich plant and animal

diversity still exists.

One of the causes for the loss of precious biodiversity is, because substantial
forest areas have been diverted for non forestry purposes and unscientific large scale
conversion of natural forests into monoculture plantations. In general a healthy
forest does not promote the growth of weeds. Invasion of weeds occur as a result of

degradation of forest. It also leads to further degradation of existing forests. These
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weeds suppress regeneration of different species and tree growth causing substantial
degradation of forests. Currently large chunks of forests are found to be invaded by
weeds like Chromolena odorata, Lantana camara, Mikania scandens. These also act as
a fuel of forest fire. Invasion of weeds is however an effect of the degradation of
forest rather than a cause (SBSAP 2005). Menon and Bawa (1997) estimated that
between 1920 and 1990 forest cover in the Western Ghats declined by 40 % with a

fourfold increase of fragments and an 83% decrease in the size of the remnants.

Tropical rain forests are highly diverse. The rate of loss and fragmentation of
these forests pose a great threat to biological diversity (Whitmore and Sayer 1992,
Pimm and Raven 2000). Studies have shown, tropical forest fragmentation to cause
ecological changes to the plant community and composition, by increasing tree
mortality, damage and loss of live biomass(Lovejoy et al. 1986, Ferrreira and Laurance
1997; Laurance et al. 1998a,b; Laurance et al. 2000), reduction in under storey plant
diversity and recruitment (Ben'itez- Malvido and Mart'inez- Ramos 2003), increase in
pioneer species and weeds near edges (Laurance 1998, Laurance et al. 1998a) and
increase in liana abundance (Oliveira-Filho et al. 1997, Viana et al. 1997, Laurance et
al. 2001). Increasing fragmentation will result in the loss of original habitat and an

increasing fragmentation of remnant patches (Jacquemyn, et. al. 2003)

Increasing fragmentation will result in the loss of a valuable portion of the
forest ecosystem: the rare and shade tolerant species (Hill and Curran 2001). Rapid
fragmentation of formerly vast uninterrupted forests has resulted in the present- day
species composition, which is not in full equilibrium (Dupre and Ehrlen 2002). Tree
species with small populations will be the first to be lost in the process of forest
fragmentation (Zhu et al. 2004). Small fragments are likely to differ markedly in

composition from the original forest (Tabarelli et al. 1999). Species richness declines
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over time following fragmentation (Turner and Corlett 1996). Fragmentation
changes physical conditions through edge effects (Williams-Linera 2002). Although
fragments may contain fewer plant species and is an altered community, they play an
important role in the maintenance of regional diversity by providing habitat for
plants and animals and increasing landscape connectivity (Shafer 1995, Turner &
Corlett 1996, Laurance & Bierregaard 1997, Pither & Kellman 2002). Empirical data
from the tropics could help in better understanding of the conservation potential of
small forest fragments (Pither and Kellman 2002), especially from less studied
groups such as plants (Turner 1996). Studies in the Amazonian rain forests which
have high plant diversity have shown that plant life-forms show concordant patterns
of variation across sites (Toumisto and Ruokolainen 1994, Ruokolainen et al. 1997).
They associated this change with indicator taxa. They also established through their
studies in the Amazonian rain forests that the understory plants are easier to sample
and can be used to predict the general floristic pattern at a local scale for rapid

biodiversity assessment.

Forest fragments contribute substantially to the conservation of biodiversity
by, providing habitat for plants and food for animals, seed source for the expansion of
forests in the future (Schelhas and Greenberg 1996) and by maintaining regional
biodiversity of the natural ecosystem. In Malaysia, Thomas (2004) has reported that
a large proportion of the regional tree diversity was represented in a dozen small
fragments of tropical forests. With increasing transformation and anthropogenic
pressures on tropical forest tracts creating fragmented landscapes it becomes
important to understand their effects on patterns of biological diversity and assess
conservation values and the need of such sub- optimal areas (Muthuramkumar et

al.2006). In the present day landscape of the Western Ghats, much of the remaining
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tropical wet evergreen forest, which supports a large proportion of plant diversity,
survives as fragments in a human dominated matrix of plantations such as tea, coffee,

rubber and eucalyptus and developed areas (Muthuramkumar et al.2006).

1.5 Significance of the study

The 1990s have witnessed an upsurge of interest in the patterns of
distribution of biological diversity, as a result of technological developments, which
have opened up many possibilities of utilization of such diversity, and new regimes of
sovereign rights of countries of origin over biodiversity, ushered in by the convention
on Biological diversity (Heywood 1995). The CBD convention on Biological diversity
commits parties to the convention, amongst them India, to take an inventory of their
biodiversity resources, and to organize programs for regular monitoring, especially
to assess the efficacy of conservation measures (UNEP- CBD 1991). Wild relatives of
cultivated plants are amongst the resources CBD mentioned as of particular interest.

India is an important centre for these resources.

Human intervention is a disturbance to natural habitats, be it in the name of
development, agriculture or monocultures such as plantations. As a result of this, a
complex mosaic of habitat is created giving rise to a very intricate pattern of
distribution of organisms (Pramod et al.1997). This study is an endeavour to explore
and understand these patterns. In the present day landscape of the Western Ghats,
much of the remaining Tropical Wet Evergreen Forest supports a large proportion of
plant diversity. Human development and environmental degradation are more or
less inversely related. For every developmental activity there is an environmental
cost. With increasing transformation and anthropogenic pressures on tropical forest
tracts creating fragmented landscapes it becomes important to understand their

effects on patterns of biological diversity and assess conservation values. The state of
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Kerala is a rich resource of biodiversity, especially for plants. Several of these plants
are endemic to the Western Ghats. Denudation of forests and large scales of
plantations also affect plant diversity. The loss and extinction of species is a severe

threat to endemic plants.

Hevea brasiliensis is grown mainly on the west coast of the country on the
western side of the Western Ghats. They grow in the humid tropical region of the
world where the ecological climax is naturally, Tropical Wet Evergreen Forest. The
Tropical Rain Forest is also one of the redeeming features of the Western Ghats,
which is one of the mega diversity centers of the world. The forests of the Western
Ghats are also considered as ‘Hot spots’. A total of 204,091.1 ha of land in Kerala are
covered by rubber plantations. 15 % of the arable land of Kerala is thus under
rubber cultivation( Indian rubber statistics 2006). The area of land being converted
to rubber cultivation is on a steady increase over the past 20 years. It has one of the
highest growth rates, compared to other crops. Kottayam district is one of the
major rubber growing areas of Kerala. This is in the midland region of Kerala.
Cultivation of'rubber is extended to nearly all the districts. This includes regions of
the highlands and the midlands of the state. Since the first plantations were
established in India many plantations have undergone three planting cycles of

approximately 30 years each.

One of the important features of rubber cultivation is that it is being grown as a
1st generation crop in some areas and has been extended to 2nd and 3rd generation crop
in most of the areas. A history of these areas shows that in these traditionally farmed
areas, other crops had been cultivated such as Coconut, Banana, Arecanut, Cassava, Tea
etc. Conversions of forests into rubber plantations are only recently being propagated

in areas like Punalur, Nilambur and Agasthyavanam. Here a total of 57.2 km? of forest
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has been converted into rubber plantations. According to the Kerala Forest
Department Statistics (Forest statistics 2003) only a small area of the forest has been
converted in to plantations of Rubber which is considered to be a soft wood. The areas
which are converted into rubber plantations are 12 km? in Agsthyavanam, 1.2 km? iﬁ

Nilambur and 44 km2in Thenmala.

Conversion of forests into Rubber plantations is thus relatively low.
Expanding the areas of rubber plantations in the state however must also be viewed
from the ecological point of view. Our Tropical Rain Forests which is just 35 % of the
protected area are heavily fragmented. One of the reasons of converting forests into
plantations is because they are natural and are expected to support the biodiversity
that exists in the Tropical Rain Forests and the likes. Several studies have revealed
negative results or inconclusive results. Hence converting forests into plantations
need to be reviewed. To preserve a species, the complete ecosystem that supports it,
needs to be preserved. Studies are being made on the extent and size of the forest
fragment that needs to be preserved in order to avoid the mass extinction of species.
The fast rate of expansion of our plantations especially rubber plantations brings
such areas under threat. One of the unique features of India is the ‘sacred grove’
which culturally taught us how to preserve our flora and fauna amidst a matrix of

human population.

The need for more effective and efficient use of land resources was one of the
points highlighted at the earth Summit in Rio de Janeiro, Brazil, in 1992. Land use
systems that degrade the resource base must be replaced by sustainable systems.
There are several claims that rubber is ecologically sustainable. Various conservation
approaches have been developed which are widely practiced over the years.

Terracing (Moore 1938), silt pitting and bunding (Haines 1929) and establishment of
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ground cover of naturally regenerating vegetation (Watson 1963). One of the major
parameters of the sustainability of rubber is whether it supports the growth of other
plant and animal species. Keeping this in mind several weeding techhiqués have been
tried, which included the growth of natural covers. These experimen£s have not led to

any conclusive proof.

It has yet to be seen whether rubber promotes the growth of other plant
species. An inventory of the existing plant species and measurement of its ecological
parameters is required to indicate whether rubber plantations support the growth of
diverse vegetation in the required numbers. If so, methods need to be evolved to
preserve our vast disappearing species diversity and endemic flora. This study is an
endeavor to understand the pattern of distribution of the plant diversity under

rubber plantations.

1.6 Area of study
The forests of Kerala are divided into five areas for the purpose of care taking

by the Kerala forest department (Forest statistics 2003). They are

Northern Circle
Olavakode Circle
Central circle
High Range Circle

Southern Circle

The High range division comprises 2818 km -2 of forest. The district of
Kottayam falls within this area. The Southern circle comprises 2826 km2 of forest
area. Chetheckal in Pathanamthitta District and Thenmala in Kollam district, falls
within this area. This is approximately 50 % of the total forest area of Kerala. The

areas of forest in the study are
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Kottayam - 100.8 sq.km

Ranni- 1059.1 sq.km

Thenmala- 114.2 sq.km

1.7 Objectives of the study

The present study aims at studying whether and how large scale plantations

of rubber have affected the natural vegetation of Kerala. The objectives laid out for

this study are.

1.

To study the floristic composition of plants under Rubber Plantations of

Kottayam, Pathanamthitta and Kollam districts.
To explore the medicinal and endemic plants found in these areas.
Make a vegetation analysis of the vegetation flora growing along with rubber.

Comparing the flora below Rubber plantations rubber and in adjacent Forest

a and Open areas.

Make phenological studies on selected plants growing under Rubber and

compare their phenology with plants growing outside rubber plantations.

Making allelopathic studies on the effect of rubber on the surrounding

vegetation.

Offering suggestions for the conservation of biodiversity as well as eco-

restoration.

o,
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Review of literature

The floristic diversity of Kerala, like that of the Western Ghats, is of an ancient
lineage (Nayar 1994). Such an ancient flora is not just a reservoir of botanical
antiques but is a dynamic biological source where speciation is taking place at an
accelerated speed (Ashton 1977). Hooker in 1907 observed that, the most distinctive
characteristics of the ‘Malabar flora’ primarily are, species that belong to the family
Arecaceae, Bambusaceae, Clusiaceae, Dipterocarpaceae, Myristicaceae, Anacardiaceae,
Araceae, Gesneriaceae, Melasto'maceae, Meliaceae, Myrtaceae, Orchidaceae, Piperaceae,
Tiliaceae and Zingiberaceae. Documentation of the biodiversity of Kerala shows that
there are 4679 species of flowering plants (Sasidharan 2004). A compilation based
on floristic studies was made by Sasidharan (2004) has shown that there are 4679
taxa of flowering plants in Kerala. They belong to 1360 genera in 212 families.
Muthuramkumar et al. (2006) has shown that the Western Ghats are a reservoir of
4780 plant species of which 2180 species are endemic which is 45.6% of the Western
Ghats and 0.7 % of the earth’s endemic plants. Nayar in 1996 has identified three
hotspots of endemics centers in Kerala, viz. Agasthyamala which has 189 endemics,
Anamalai High ranges having 94 species and Silent Valley in Palakad district.
Literature on the presence and the number of endemics in Kerala are many and often
varied in figures. The exact number of endemics has yet to be ascertained and
endorsed authentically. A review of literature on the various endemics of Kerala

reveals varying facts and figures.

HJ
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According to Nayar (1996) there are approximately 3800 species of flowering
plants in Kerala, of which 1272 are Western Ghat endemics. According to Sasidharan
(2004) there are 1381 endemic taxa in Kerala, of which 496 are placed under threat

categories. These categories are

Possibly Extinct-35,
Critically Endangered-146
Vulnerable- 147

Low risk - 142

Data Deficient -31

Not Evaluated - 5

Several Endemics of Kerala have wide distribution in the Western Ghats.
Rough estimates based on literature and herbarium scrutiny have revealed that
about 6.5 % of the Western Ghat endemic angiosperms are strictly confined to Kerala
in their distribution. Nair and Basha in 1995 noted that the endemic taxa of
angiosperms in Kerala belong to 40 families. Gurudev and Subramanian in 1991
have analyzed the occurrence of endemics in the three zones of Kerala. Basha and
Nair reported in 1991 that there are 115 taxa of endemic angiosperms in Kerala.

They reported the distribution of endemics in the highlands of Kerala as below
Upper ghats - 25 taxa
Middle ghats - 53 taxa
Lower ghats - 37 taxa

They also elucidated it further by reporting the distribution of endemic plants

in different parts of the highlands of Kerala as follows
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North Kerala -25 taxa
Central Kerala -29 taxa

South Kerala - 61 taxa

More than 30 species of Kerala’s endemic flowering plants are trees. Among
the herbs 6 species of orchids, 14 species of balsams, 8 species of legumes and 5
species of grasses are known to be endemic (Nair and Basha 1995). Nair and Basha in
1995 analyzed the pattern of endemics in Kerala and showed that they are more
concentrated in the Wynad belt in North Kerala, high range belt of Central Kerala and

the Thenmala- Agasthyamala stretch of the Western region of Kerala.

2.1 Vegetation analysis

The great diversity of ecological conditions, mainly determined by
topography, has created environments conducive for the development of a wide
variety of flora and fauna (EPA and MEDAC 1997, Yirdaw 2001). Vegetation analysis
based on the plot method serves to characterize the community, describe its floristic
composition and identify economically useful species as well as, species of special
conservation concern (Keel et al. 1993). Quantitative analysis of vegetation of an area
is an important indicator and tool for an ecological study and can form the basis for a

documentation study in the following aspects (Pineda et al. 1994)

1.  The analysis of structure and function in ecosystems

2. Important landscape component
3. Anatural resource

4. Abasis for biogeography

5.  The study of human influence

6. Abasis for nature conservation

oy
N
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Vegetation analysis as a result lays the ground work for objective assessment
of conservation worthiness (Gentry 1988, Keel et al. 1993). It attempts to synthesize
the ecological structure and function of the community and landscape at different
scales. To develop a basis for natural resource management in marginal areas such
studies are being made on increasingly detailed scales of geographical variation
(equipotentiality), local and territorial variation (vectoriality) and local
discontinuities referred to as mosaicity ( Gonzalez-Bernaldez 1981). The spatial
distribution of plant species shows the phénomenon of mosaicity (Gonzalez-
Bernaldez and Pineda 1980, Levassor et al.1981). Several studies on the fine scales
of spatial organizations have been made (Galiano 1982, Castro et al. 1986, Pineda
et al. 1991). Procedures to detect spatial aggregates (Galiano 1982), multi specific
patterns (Sterling et. al. 1984, Castro et al. 1986), diversity spectra (Pineda et al

1991) and covariance matrix have been developed,,

2.2 Anthropogenic disturbance and biodiversity

Globally various types of anthropogenic disturbance threaten the diversity of
biological systems (Soulé 1991, Barbeir, Burgess & Folke 1994; Heywood 1995;
Swanson 1995; Njis and Impens 2000). The question is whether it degrades the
functioning of these systems and become acute (Naeem et al. 1994, 1996, Schulze and
Mooney 1994, Bolker et al. 1995, Hooper and Vitousek 1997, Tilman 1997, Knops et
al. 1997). New perturbations like climate change may aggravate current losses of
diversity (Peters and Lovejoy 1992; Gates 1993; Kareiva, Kingslover & Huey 1993,
Boyle and Boyle 1994). Agricultural practices, over and premature harvesting and
recreation constitute 18% of the aggregate threat to the plant diversity (Freemark et
al. 2001). High human and other biotic pressures are detrimental to the vegetation

structure of forests. In vast areas of the tropics forest has been displaced by crops
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and commercial cattle grazing, leaving land devoid of natural vegetation and the soil
seed banks, seedling cohorts and suppressed saplings of mature forest trees that
might restore it (Quintana-Ascencio et al. 1996, Miller 1999). The forest nuclei
remain, but as fragments of a few hectares that inexorably loose species to local
extinction (Turner 1996). Increasing human populations and concomitant land use
intensification have changed the amount, quality and distribution of habitats
available to native biota. Consequently, conservationists, land managers and resource
planners are concerned with anticipating how natural or human-induced disturbance
to ecosystems affect the pattern of commonness and rarity of the inhabiting biota

(Lubchenco et al. 1991, Solbrig 1991).

2.3 Global environmental impact of human activity

There is an increasing concern for the global extent of the environmental
impact of human activity (Vitousek 1994). The loss of species diversity is unique
because it is irreversible and the understanding of the loss of species is critical
(Chapin et al. 1998). Current extinction rates are 100 to 1000 times higher than pre
human levels and the expected extinction of the current threatened species could
increase this rate by a factor of 10 (Pimm et. al 1995). Many of the species that
have been driven extinct are rare species that are endemic to small habitats (Pimm
et al. 1995). Polynesians across the pacific islands have lost 2000 bird species in the
past 1000 to 4000 years (Pimm et. al. 1995, Steadman 1995) which is 15% of the
worlds’ avian diversity. European settlements in the Hawaiian Island have
eliminated 84 plant species almost 10% of the native flora. Of the island and
another 133 are threatened and at the verge of extinction (Sohmer 1994). The
Fynbos vegetation of South Africa has lost 36 species and another 618 species are

threatened with extinction (Pimm et. al. 1995). Biodiversity has decreased in
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Australia due to vegetation clearing since European settlement (Adamson & Fox
1982, Bradstock et al. 1995). The need to restore forested ecosystems and their

conservation values has never been more important (Wang et. al. 2004).

In countries like Scotland with modest human population there are no
consistent ecological differences between plant species that have increased in
abundance over the past 50 years and those that have decreased. In countries like
England and Netherland which have high human population densities, there are more
habitat alterations and eutrophications. This has resulted in the growth of nutrient
demanding plant species (weedy species) that are growing in abundance. The slow
growing plants which were found in these areas have decreased (Thompson 1994). In
response to the documented changes in biotic diversity, there also has been an
international effort to understand and predict the consequences of these changes
(Schulze and Mooney 1993, Mooney et al. 1996). Ecosystems that cover a small area
may have large impacts on regional properties e.g. beaver ponds are hotspots for
methane production (Brigham et. al. 1995), and riparian areas and wetlands collect
sediments and nutrients (Peter-john and Correll 1984). Land-use heterogeneity has
significant influence on regional trace gas flux in northeastern Colarado (Alvin Mosier
and Ingrid Burke unpublished data). Regional methane consumption is the greatest in
the rangelands and least in the irrigated crop lands (Bronson & Mosier 1993). Irrigated
croplands constitute the major regional source of nitrous oxide to the atmosphere
despite their small extent. To understand the regional impacts of landscape units, it is
important to know their properties and areal extent (Chapin et al. 1998). Both species
and landscape diversity have important ecosystem consequences (Chapin et al. 1998).
Using models Prentice et. al. (1992) predicted changes in the relative abundance of

biomes with climatic changes such as tripling of carbon-dioxide and predicted that rare
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biomes like the broadleaved evergreen forest will decrease by 69% due to the present

climatic changes.

2.4 Fragmentation of tropical rainforests

The loss and fragmentation of tropical rainforest which holds a major
proportion of the world’s biological diversity remains a crucial global conservation
problem (Whitmore 1997). Tropical rain forests are facing alarming rates of habitat
fragmentation, and some of them are already archipelagos of small fragments
(Gascon et al. 2000). Even large and still inaccessible continuous tracts of tropical
forests, such as those of Central Amazonia, will probably suffer fragmentation in the
near future (Peres 2001). Forest fragmentation drives populations to subdivision and
isolation, increases human pressure, causes microclimatic changes and enhances
forest invasion by exotic species (Zuidema et al. 1996). As a result, several groups of
organisms, notably mammals, birds, amphibians and trees, are suffering drastic
changes in their local abundance and regional distribution in the fragmented

portions of tropical forests (Turner 1996, Bierregaard et al. 2001).

2.5 Biodiversity inventories and conservation practices

It is important to make comparisons of biodiversity resources between
regions, to be able to decide where biodiversity conservation should be concentrated
(Rennolls and Laumonier 2000). Forest land management in the tropics, including
forest exploitation, replanting of plantations and /or conversion of land-use, the
information that is currently available usually includes course maps of geology, soil,
and possibly topographic map (Nohr and Jorgensen 1997). An additional source that
is widely available is remotely sensed information. The main objective of biodiversity
inventory is to map a region under management so as to highlight the sub regions of

high conservation value so that they may be included in a management plan which
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ensures biodiversity conservation (Rennolls and Laumonier 2000). Within regions
species-diversity analysis on two or more separate regions would lead to a number of
species-diversity structures. One conservation strategy that is considered in forgst land
management is to leave conservation areas untouched within the operational area.
This approach can also replicate conservation areas of similar species diversity and
might fail to conserve areas of unique species-diversity structure. If the separate
regions turn out to have diversity structures which are similar, an alternative strategy
will be to conserve only one area from all the regions with a particular diversity
signature. Such an approach could fail to identify unique areas which need to be
conserved. An analysis of diversity structure from the subplots from all of the regions
would be necessary to identify the overall diversity structure, its dimensionality, and
the number of distinct diverse groups in the set of regions (Rennolls and Laumonier
2000). The conservation implication of the discovery of a higher dimensionality of
diversity on such a combined analysis would be that conservation areas would need
to span the regions and would need to be chosen in order to maintain this higher
dimensional diversity, by including as conservation areas representatives of any
groupings that may be observed in diversity space (Rennolls and Laumonier 2000).
Farm forestry using native tree species not only has great potential for the timber
industry and carbon credits (Cohn 1995, Anderson and Halpin 1998), but also
provides opportunities for restoration of biodiversity on deforested land (Lugo 1992,

Parrotta 1992, 1993, Keenan et al. 1997, Lamb 1998).

2.6 Review of work done
In recent years several studies of tropical lowland rainforests have
documented that the distribution patterns of many plant groups correlate with

topographic position and the associated local changes in soil drainage (Lieberman et




Chapter 2: Review of literature

al.1985, Balslev et al.1987; ter Steege 1993; Ferreira 1997). These studies have
made detailed analyses of the small-scale spatial variation in species composition or
diversity. Woody species diversity and ground layer vegetation cover were studied in
plantations of Pinus patula, Cupressus lusitanica, Grevillea robusta, and Juniperus
procera, and in surrounding natural forests in Wondo Genet, Ethiopia. In the
understory of the plantations, a total of 53 naturally regenerated tree and shrub
species belonging to 31 families were recorded (Yirdaw 2001).The understorey
herbs were assessed as cover percent. Plant species composition in plantation
monoculture of the native Gympie Messmate (Eucalyptus cloeziana F. Muell.) was
assessed and compared with native Eucalyptus forest and cleared grazing land in
southeast Queensland, Australia (Wang et al. 2004). The site comparisons included a
total of 18 sites (11 in the plantations, four in native eucalypt forests and three on
cleared grazing land). Wang et al. 2004 examined whether plantations established on
cleared grazing land could help to address plant biodiversity loss due to land clearing
for grazing purposes. Species richness, abundance, proportion of open-land, endemic
and threatened vascular plants were examined in four vegetation types representing
seral stages of succession and two human-made grassland alterations, namely
abandoned vineyards and Pinus plantations (Cremene et al. 2005). Several studies
have been made on the effect of plantations on the enhancement and recruitment,
establishment and succession of native woody species by functioning as foster
ecosystems (Parrotta 1992, 1995, Lugo et al. 1993, Geldenhuys 1997, Otsamo 2000,
Viisteensaari et al. 2000). Studies made on forest plantations established on
degraded sites long devoid of a native tree cover and their effect in facilitating the
recolonisation of native flora have also been made (Parrotta 1995). However,

comparative studies between native and exotic tree plantations on the understory
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woody species diversity are rare (Yirdaw 2001). Comparisons of understory
vegetation and soil fertility were made in the plantations and adjacent natural forests
in the Ethiopian highlands ( Michelsen et al. 1996 ) Effect of forest management on
the diversity and habitat heterogeneity in the temperate hardwood forests have
been made( Bobeic 1998). Quantitaive information on tropical rainforest is rather
scarce in literature (Paijmans 1970). Tuomisto and Paulsen (2000) studied the local
variation in the density, species composition, species richness and species diversity
patterns of pteridophytes at four western Amazonian sites. These studies attempted
to compare the detailed patterns among distant sites and suggested that such among-
site comparisons are necessary to understand to what extent the observed patterns
are repeatable and predictable. They also found that reliable estimate of the species
richness, species diversity, species composition or density of individuals at a given
site should require an inventory of a rather large number of sample units. Sonwa
et al. 2007 made an analysis of the floristic composition of the agroforests in the
humid forest zone of Southern Cameroon. The study illustrated the multiple uses of
native biodiversity in the cocoa agroforests. The recovery of native understory plant
communities after timber harvest has received a great amount of attention
worldwide (Jules 1998, Donohue 2000, Verheyen et al. 2003, Dignan and Bren 2003,
Moola and Vasseur 2004) The recovery of plant communities after timber harvest
has been the subject of a large pool of literature (Harris et al.1982, Franklin 1982,
Oliver and Larson 1996, and Franklin et al. 2002). However, the results of these
studies differ markedly (Dyrness 1973, Peet and Christensen 1988, Frost 1992,-
Sullivan et al. 2001, Battles et al. 2001, Costa and Magnusson 2002). Greenberg et al.
(1995) found an increase in species richness and diversity following post fire salvage

logging in a fire-adapted sand pine scrub forest. In other cases, diversity initially
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decreased, especially among forest interior species (Meier et al.1995, Roberts and Zhu
2002), then quickly recovered within a few decades (Peet and Christensen 1988,
Hannerz and Ha'nell 1997, Gilliam 2002, Gilliam et al. 1995, Roberts 2002). This later
pattern of community development was also documented in fixed plots measured prior
to logging and 28 year later in a mixed Douglas-fir forest in the Pacific Northwest
(Halpern and Spies 1995). In contrast, richness and herbaceous cover in eastern
deciduous forests was lower in secondary forests recovering from timber harvest than
in primary forests, even when the secondary forests were as old as 87 years (Duffy and
Meier 1992). Puyrvaud et al. (2003) documented succession from grassland thickets to
rain forest, to provide evidence for their potential as restoration tools. Tuomisto and
Paulsen (2000) studied the Pteridophyte diversity and species composition of the
Amazonian forests. Local variation in individual density, species composition, species
richness and species diversity of terrestrial pteridophytes were studied at four sites in
the tropical lowland rain forest of western Amazonia. Bobeic (1998) determined the
influences of forest management on the herb-layer mosaics and intra-site variability in
the oak-limehornbeam forest (Tilio-Carpinetum stachyetosum). Biodiversity studies
examining species richness and abundance, proportion of open-land, endemic and
threatened vascular plants, gastropods, and diurnal and nocturnal Lepidoptera in six
different vegetation types all originating from steppe-like grasslands in Transylvania,

Romania was carried out by Cremene et al. (2005).

Loya and Jules (2008) made comparisons between forest stages and
suggested that these investigations should be grounded in a thorough accounting of
the species present in each community coupled with tests of within-stage sampling
efficacy. This has also been recognized much earlier (Sanders 1968, Bunge and

Fitzpatrick 1993) and methods for interpolating and extrapolating estimates that
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account for the relationship between number of individuals and species richness
have been introduced in the ecological literature (Heck et al 1975, Colwell and
Coddington 1994, Gotelli and Colwell 2001). Yet these methods have not achieved

widespread use (Goldberg and Estabrook 1998, Longino et al. 2002).

2.61 Effects of Plantations

Some studies have been made on the plant species composition on
plantations. Literature survey reveals that very few minor studies have been made on
the plant diversity found in rubber plantations. Wang et al (2004) made
comparisons of monoculture of native Eucalyptus cloeziana F. Muell with native
Eucalyptus forest and cleared grazing land. They conferred that even small scale
plantation can increase landscape heterogeneity and help biodiversity. Michelsen
et al. (1996) studied the effect of plantations on their under storey and compared it
to adjacent natural forest. They found the richness and biomass of herbaceous plant
species in the plantations as high as those of the natural forest. They also noted that
most of the herbs were wide spread plant species invading from a montane or
wooded grassland. Aweto (2001) evaluated the impact of plantation monoculture of
fast growing exotic species Tectona grandis, Gmelina arborea and Eucalyptus sp.,
Pinus caribaea, Terminalia invorensis on nutrient cycling in West Africa. They found
that in general single species tree plantations, immobilize soil nutrients faster, and
return fewer nutrients to the soil than native forest and savanna vegetation. They
concluded that plantation monocultures of fast growing tree species are not likely to
be sustainable in the long term. In India, there are very few reports of such studies
made on plantations. A comparative study of the ground flora was made in the
plantations of Acacia auriculformis, Casurina equisetifolia, Eucalyptus terecticormis

and Tectona grandis. A study by Wesenbeeck et al. (2003) on afforestation with Pinus
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patula resulted in strong negative effect on diversity and composition of the
subpuramo vegetation of the study site. Alcantara et al. (2004) showed that
conversions of grassy cerrado into riparian forest on soil organic matter dynamics
and showed significant changes in the soil under tropical conditions in a short period
of time. Yang et al. (2004) showed that conversions of native forest vegetation to
cropland and plantations in tropical region can alter soil carbon and nitrogen pools
and nitrogen availability for the plant uptake. Ecological data by Hendon and
Charman (2004) also suggests that peat lands surrounded by plantation forestry
have become drier over the last 40 years. Mathew et al. (2004) showed that Teak

monocultures reduced the species diversity of flora and fauna.

The review of the literature of 40 years reveals that a few systematic studies
of the plant diversity existing under rubber plantations were done on a large scale.
Abraham and Abraham (2000) made a survey of the weed flora associated with
rubber plantations in Kerala. 72 dicots, 16 monocots which included 12 grasses, 2
sedges and 2 ferns were recorded. 26 weeds were recorded in the survey under the
rubber plantations that were in the pre tapping stage. All these plants were also
found in the plantations in the tapping stage. However their order of importance was
different based on their SDR (Summed dominance ratio) value. Mikania and Cynodon
dactylon were dominant in young plantations while they were not dominant in the
tapping stages. Cyathula prostrate, Justicia simplex and Synedrella nodiflora were
common in the tapping stages of the plantation. The ten most dominant weed in both
the stages of the rubber plantation were Chromolena odorata, Axonopus compressus,
Clerodendron infortunatum, Ischaemum indicum, Borreria hispida and Mimosa pudica.
The change in the dominance of species is due to difference in light availability they

reported. Chromolena odorata, Axonopus compressus, Clerodendron infortunatum,
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Ischaemum indicum, Borreria hispida and Mimosa pudica, Cyathula prostrate, Justicia
simplex, Aegeratum conizoides constituted more than 50 % of the weed flora in
rubber plantations. Cyathula prostrata was the most widely spread weed with a high

SDR value followed by Chromolena odorata (Abraham and Abraham 2000).

Chakraborty et al. in 2002 studied the flora of rubber and other plantations in
Tripura. They reported total of 81 specie;s under 75 genera belonging to 4 pteridophyte
and 36 angiosperm families from different plantations. The number of species was
found to be the highest in rubber plantations (43) followed by Sal (34), Cashew (33),
Acacia (28) and Teak (17) plantations. 24 species were exclusively found in rubber
plantations while the number of exclusive species in Sal, Acacia, Cashew and Teak
plantations were 10, 5, 2 and 2 respectively. This shows that rubber is more hospitable
to more species than other plantations. They concluded that the introduction of rubber
has not adversely affected the natural vegetation and its distribution pattern in the
state. Occurrences of more species in rubber plantations indicate that the soil and
microclimate under rubber plantation are favorable for their growth. The higher
number of plant species in the rubber plantations of Tripura due to availability of
suitable bioclimatic substratum compared to other plantations under study indicates
that rubber plantations are ecofriendly and have not changed the vegetation of the area

(Chakraborty et al. 2002).

Rubber research Institute of India, Kottayam carried out experiments on
intercropping of some medicinal herbs inside rubber plantations. 'i‘hese plants grew
well inside the plantations leading to a good yield of medicinal plant parts. Moreover
ruBber yield data showed no adverse effect of inter cropping of medicinal herbs
(Anonymous 1987-1995). There are reports of many shade loving medicinal herbs

that grow well in Rubber plantations (Vijayakumar et al. 1989). Strobilanthus
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haenianus, Adathoda bedomii, Rawolphia serpentine, Phaseolus indica, Plumbago
rosea, Kemferria galangal, Alpinia rotunda has been successfully intercropped with
rubber (I'ma et al. 2005). Rubber can be compared to any fast growing tropical forest
growing species. The biomass added to the soil every year by way of leaf litter is

considerable (Vijayakumar et al. 1989, Kothandaraman et al. 1989).

Ng et al. (1997) showed the presence of more than 40 species belonging to 30
different families in rubber plantations. Commercial cultivation of another crop in
mature rubber plantation is limited due to low light availability inside the rubber
plantation. Shade loving crops such as orchids and some medicinal plants can grow in
mature rubber plantations. Medicinal plants like Phyllanthus niruri, Sida rhombiflia,
Hemidesmus indicus, Asparagus officinalis, Hydrocotyle asiatica and Glycosmis
pentaphylla are frequently present in rubber plantations. Chromolena odorata,
Mimosa pudica, Cleome viscosa, Cassia tora, Euphorbia hirta, Lantana camera,
Borrereia . latifolia, Dendrophthoe falcate and Vanda sp coexist with rubber in
plantations. Crops such as banana and pineapple are grown in immature plantations
where the canopy is not closed and light intensity is not a limiting factor. Shade
tolerant accessions of grasses, legumes and broad leaved angiosperms are grown in

young rubber plantations in Malaysia as forage species

A survey of weeds and trees in rubber plantations made in Hainan in 1963
found 1034 species under 154 families which were grouped into 11 types of plant
covers (Bian Hauxin 1981, Investigation group 1988). Investigation into weed types
was also conducted in Guangdong and Yunnan in 1970s and 1980s. After 1984 and
1992 surveys were made in Hainan mainly into the parasitic plants and their damage

to rubber plantations. Three genera of parasitic plants were found to be distributed
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in rubber trees i.e. Taxillus chinensis, Elytranthe and Viscum articulatum. However no

assessment of biodiversity has been made in rubber plantations.

Plantations are considered to be replacements for forests and are expected to
support plant diversity in their ground flora. Studies made on rubber plantations are
few and inconclusive. There is a need for a large scale survey to explore the existing
plant diversity found in rubber plantations and make appropriate assessments of the
changes in the biodiversity. There is also a need to make systematic biodiversity
assessments using the practical tools of species richness and evenness to determine

whether these plantations support plant diversity.

2.62 The changing biodiversity and need for conservation

Changes in biodiversity can have significant impact on ecosystem and
landscape processes, both on a day-today basis and during extreme events. Ecosystem
processes in turn, determine services, such as clean water, and air that are required for
mankind (Ehrlich and Mooney 1983). Given the current rapid rates of environmental
change, it will be wise to conserve the present levels of diversity as insurance against
an uncertain future. As our understanding of the functional consequences of
biodiversity improves, it is possible to pin point situations in which conservation is
particularly critical (Chapin et al. 1998). Plant species diversity may also influence the
response of ecosystems to global environmental change (Bolker et al. 1995). Chapin et
al. (1998) have shown that species diversity can affect ecosystem processes
(photosynthetic, carbon gain, productivity and nutrient cycling). The magnitude of the
effect could vary depending upon the type of ecosystem, function type measured and
the experimental conditions (Johnson et al. 1996). Most studies have been made on
relatively simple systems in which a gain or loss of a few species is likely to have a

detectable effect unlike, in the complex systems where disruption of the complex web
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of biotic interactions can result in a cascading effect. This requires diversity effects in
more complex systems. Information on tropical plant species in all growth forms (apart
from trees) is needed because of its potential usefulness in understanding the relative
extent of plant biodiversity across natural and human-disturbed habitats and its
implication for conservation and management (Gentry and Dodson 1987, Gentry 1991,

Annaselvan and Parthsarathy 2001, Van Andel 2001).

2.63 Reconnecting fragmented ecosystems

The rain forest of the Western Ghats of India is a major element of the
Biodiversity Hotspot of Southern India and Sri Lanka. It contains 63% of endemic
trees (Ramesh et. al. 1993), and endangered animal species including the tiger.
Despite an extensive network of national parks and a positive annual rate of forest
change (that includes tree plantations) of 0.06% an year, between 1990 and 2000
(FAO, 2001), the rain forest continues to be fragmented (Ramesh et al. 1997,
Narendra Prasad 1998), because of the multiple services it renders to the local
populations (Gadgil and Guha 1992, Puyravaud and Garrigues 2002). Forest
restoration could be a valuable alternative that would conserve soils, water, and

biodiversity, and reconnect fragmented ecosystems (Puyrvaud et. al. 2003).

The main immediate threat to the rain forest ecotone is the policy of the
Forest Department to destroy thickets with the objective of restoring the degraded
land. As a consequence, species-rich vegetation with an abundant soil fauna and
fertile soil (Basu et al. 1996) is replaced by mono-cultural plantations that decrease
soil fertility and stop rain forest expansion. Establishing exotic tree plantations for
industrial purposes in a rain forest area is questionable for other reasons as well.
Contrary to the village woodlots of the social forestry programs, industrial

plantations generally do not benefit farmers (Gadgil 1992, Sharma 1993), nor do they
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provide NTFPs (Non timber forest products). When industrial plantations are installed at
the expense of useful vegetation, the farmers shift to the rain forest to meet their needs.
Policies based on such vague concepts as restoration of degraded land do not help to

identify clear environmental objectives (Puyrvaud et al. 2003).

In the present-day landscape of the Western Ghats, much of the remaining
tropical wet evergreen forest, which supports a large proportion of plant diversity,
survives as such fragments in a human dominated matrix of plantations such as tea,
coffee, rubber and eucalyptus and developed areas (Muthuramkumar et. al.2006).
Human development and environmental degradation are more or less inversely
related. For every developmental activity there is an environmental cost. With
increasing transformation and anthropogenic pressures on tropical forest tracts,
creating fragmented landscapes it becomes important to understand their effects on
patterns of biological diversity and assess conservation values and the need of such
sub- optimal areas (Muthramkumar et al. 2006). The state of Kerala is a rich resource
of biodiversity especially for plants with several of these plants endemic to the
Western Ghats. Denudation of forests and large scales of plantations also affect plant
diversity. The loss and extinction of species is a severe threat to endemic plants.
Kerala is a state whose economy chiefly survives on agriculture. Around 15 % of the
cultivable land of the state is presently under rubber cultivation. The remaining is
under various plantation and cash crops. Whether this has affected the natural
vegetation of the state has to be seen. Ecological studies of rubber claim rubber to be
an ecofriendly plantation crop. Expanding the cultivation further has to be seen from

an ecological point of view.
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2.7 Ecological studies on natural rubber cultivation

Recent studies in the ecological impact of rubber cultivation has been
compared to two other popular afforestation species namely Teak and Jarul (Jacob et
al. 2002) have proven that none of the indicators of ecological health were seriously
affected by rubber cultivation. Rubber soils had comparable or better physical,
chemical and biological properties and improved biodiversity than the other two
species when they were naturally grown with no external interference. The number
of soil microbes and macro fauna (invertebrates) harboring per unit area was more
in the rubber soils than in the other two species. The property chiefly desirable in the
falling debris is rapidity of decay and this depends upon moisture and the nitrogen
content more than upon any other factors (Akhurst 1933). Mature rubber trees shed
their leaves annually (wintering) during the dry months which also adds to nutrients
in the soil. A mature rubber plantation is an excellent repository for mineral
nutrients which is comparable to that of native forests (Shorrocks 1965, Samarapuli
1996). Annual litter addition in rubber plantation amounts to 7 t per ha and nutrient
recycling through litter decomposition is very high (Joseph 1991). The rate of
decomposition of the litter is very fast in rubber plantations. This results in efficient
nutrient recycling (Krishnakumar et al. 1991). The rate of decomposition of litter
often reaches the level of forest ecosystems in mature rubber plantations (Shorrocks
1965, Morris and Lau 1990). The property chiefly desirable in the falling debris is
rapidity of decay and this depends upon moisture and the nitrogen content more

than upon any other factors (Akhurst 1933).

The substantial addition of organic matter to the soil from rubber trees and
cover crops improves the soil organic matter and water content. It also improves the

soil physical (bulk density, porosity), chemical (nutrient availability) and biological
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(soil microbes) properties (Krishnakumar et al. 1991, Krishnakumar and Potty
1992). A mature rubber plantation is dynamic and self sustaining ecosystem and a
renewable source of rubber with minimum external agronomic inputs (Goldthorpe
and Tan, 1996). Mature rubber ecosystems are viewed as nutritionally self sustaining
ecosystems (Sivanadyan et al. 1995). Ecological studies made in rubber have claimed
that continuous growing of rubber in India for the past one century has not resulted
in any reduction in the productivity of the soil unlike several other agricultural
systems. Rubber cultivation has actually improved and sustained soil productivity.
Rubber cultivation does not deteorate the environment but it reclaims improves
and preserves ecosystems such as the severely draught prone dry jungles in North
Lankan and the extremely eroded and degraded jhummed lands in the North East.
Rubber plantations have a green image and are inherently environment ~friendly
(Jones 1994, Wan and Abu 2002, Jones 1994). The carbon dioxide scavenging and
oxygen recharging effects of the plantations are well known (Sethuraj and Jacob
1997). The rubber plantations are capable of producing a fairly high volume of wood
per unit land area in a comparatively short span (Sivanadyan and Moris 1992). These
plantations aid soil and water conservation (Krishnakumar et al. 1991, Krishnakumar
and Potty 1992) and indirectly help flood control (Sethuraj and Jacob 1997). Rubber
plantations are a self sustainable ecosystem and could maintain a fair degree of
biodiversity if properly managed (Sethuraj and Jacob 1997). The influence of rubber
trees on atmospheric carbon balance is also indicated by the amounts stored in the
biomass with values comparable to that of forest ecosystems, particularly beyond a
certain age of growth. Monoculture of rubber is considered to be a relatively efficient

converter of solar energy into dry matter production (Templeton 1968). Dry matter
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production and efficiency of utilization of solar radiation in a stand of Hevea trees

with a closed canopy has been calculated to be about 2.8 % (Templeton 1968).

2.71 Weeding in rubber/Practices/burning practice during replanting
Treatment of the undergrowth must be designed to suit the conditions aimed
at. Indiscriminate slashing for controlling grass may destroy the very plant whose
shade is so desirable by injuring them in early seedling stages before they are noticed
(Haines and Pillay 1933). Claims have been made that selective rather than clean
weeding is generally practiced in rubber plantations both during mature stages and
immature stages of rubber growth. Only noxious weeds are removed leaving the
desirable plant species which ensures the retention of diverse flora composition and
the maintenance of some form of ground cover against possible soil erosion. The
practicability of this type of weeding is questionable. Various conservation
approaches have been developed over the years which are widely practiced over the
years. Terracing (Moore 1938), silt pitting and bunding (Haines 1929) and
establishment of ground cover of naturally regenerating vegetation (Watson 1963).
To maintain an ecological balance and to control weeds rubber plantations have
since 1960s been intercropped and multi layered with grain, oil crops like rice
peanut, sweet potato, creeping legumes, perennial cash crops such as tea, black
pepper so that farming can be sustainable( Zhiwei and Yide 1999). Recommended cover
plants in Malayan RP Border sp Cassia sp, Desmodium gyroides, Phaseolus angularis,
Desmodium ovalifolium. Creepers Pueraria phaseoloides, Centrosema pubescens,
Calopogonium caeruleum, Psophocarpus palustris, Calopogonium mucunoides, Phaseolus
calcaratus. Shrubs Flemingia congesta Tephrosia candida Crotolaria anagyroides. Ferns

Gleichenia linearis.
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2.8 Measurement of Biological diversity

The World Conservation Strategy recognizes that the concept of biodiversity
conservation is closely linked with sustainable development of both human and
natural resources (Ramakrishna 1992). Biodiversity refers to the natural variety
among living organisms, the ecological complexes in which they naturally occur, and
the way s in which they interact with each other and with the physical environment
(Putz et al. 2001). Biodiversity encompasses all species of organisms and the
ecosystems and ecological processes of which they are part. Biodiversity reflects the
degree of native variety and is essential for overall environmental quality, the
intrinsic worth of all species on earth (Ehrlich and Wilson 1991, McNeely et al. 1990,
Wilson 1988). This natural variety and variability is distinguished from biotic
patterns or conditions formed under the influence of human-mediated species
introductions and substantially human-altered environmental processes and
selection regimes (Noss & Cooperrider 1994, Bailey 1996). Thus biodiversity
represents the complexity of life on earth. It has phenotypic, genotypic, taxonomic,
and ecological dimensions that can be measured within taxa (e.g. genetic diversity),
across taxa (e.g. species diversity) or across ecosystems (Wilson and Peter 1988,

Solbrig et al. 1994, Gaston and Spicer 1998).

Biodiversity can be measured in terms of different components viz. land
scape, ecosystem, community, population or species and genetic, each of which have
structural, compositional and functional attributes. Structural refers to the physical
organization or pattern of the elements. Composition refers to the identity and
variety of elements in each of the biodiversity components. Function refers to

ecological and evolutionary processes (Putz et al. 2001).




Chapter 2: Review of literature

The important conceptual components of diversity include richness,
evenness, dominance and rarity of species (Wilsey et al. 2005). These components
are characterized by the way in which the presence of each species is weighted by an
aspect of importance such as abundance or biomass (Hill 1973, Magurran 1988).
With species richness, each species contributes to diversity in the same manner
regardless of its abundance or biomass. Measures like species evenness weight
species by its relative abundance. Species diversity indices like Simpson’s 1/D or
Shannon’s H' represent composite measures and are designed such that richness and
evenness are mathematically independent (Smith and Wilson 1996). Species
dominance (Berger parker index) is the relative importance of the one species
contributing the most to the total abundance. In contrast, species rarity is a measure
of the proportion of species that meet the restriction that their relative abundance or
biomass is below some threshold (average relative abundance or <1/S, Carmargo
1993). Species richness has been recently used as surrogate for diversity in general
(Schluter and Ricklefs 1993, Rosenzweig 1995, Gaston 1998, Tilman and Lehman
2002) especially in biogeography and conservation ( Brown 1995, Andelman and
Willig 2003, Willig et al. 2003). A key reason for using species richness to
characterize diversity is, its relative ease of measure compared to other indices
(Rosenzweig 1995, Gaston 1998). Accurate measurement of relative abundance of all
species is more difficult. This viewpoint holds on the grounds that diversity is
essentially a one- dimensional concept that can be estimated with species richness

alone because it implicitly assumes the following,

1. Richness and evenness are correlated positively and strongly.

2. Species richness accounts for a large proportion of variance in diversity.
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New empirical studies by Buzas and Hayek (1996) have tested these
assumptions and suggested that diversity components, specifically richness and
evenness, may not be correlated positively. They decomposed Shannon’s diversity
index into richness and evenness components. Stirling and Wilsey in 2001 found that
correlation between species richness and evenness (/') were negatively correlated
for plants. Stevens and Willig (2002) showed that spatial variation in richness was

independent of variation in evenness.

Univariate and multivariate relationships among a variety of measures of
plant species diversity have been studied in simulated data (Pielou 1966, Hulbert
1971, DeBenedictis 1973, Hill 1973, Peet 1974, Kempton 1979) and with empirical
data (Stirling and Wilsey 2001, Stevens and Willig 2002). Wilsey et al. in 2005
quantified relationships among different components of diversity to determine if
richness accounts for most of the variation in diversity within sites. These empirical
studies suggest that to completely characterize variation within sites or to estimate
diversity in a more comprehensive manner measurement based on relative
abundance and species richness are much better than species richness alone (Collins
1990, Buzas and Hayek 1996, Chapin et al. 2000, Purvis and Hector 2000, Stirling anf
Wilsey 2001). A strong and consistent negative correlation between rarity and
evenness suggested that rarity strongly influences diversity more through evenness
dimensions than richness dimension (Wilsey et al. 2005). Studying richness and
evenness enhances understanding of the concept of biodiversity as a whole (Buzas
and Hayek 1996, Stirling and Wilsey 2001, Stevens and Willig 2002, Willig et al.
2005). Numerous studies have found that evenness and richness respond differently
to grazing (Mc Naughton 1977, King and Pimm 1983, Altesor et al. 1998, Alados et al.

2003, Wilsey and Polley 2003), fertility (Piper 1995), top-predator control (Chalcraft
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and Resetarits 2003, Schmitz 2003), and latitude (Stevens and Willig 2002). However
from a conservation perspective, species richness, evenness, and diversity may not
respond in the same manner to habitat fragmentation or loss, making impacts
difficult to forecast without the consideration of all these elements (Gorresen and
Willig 2004). Species evenness and dominance can have important effects on net
primary productivity, invasion resistance and local extinction ( Nijs and Roy 2000,
Wilsey and Potvin 2000, Foster et al. 2002, Wilsey and Polley 2002, Smith and Knapp
2003, Smith et al. 2004, Wilsey and Polley 2004) that are independent of species
richness. Thus much of the variation in diversity remains unaccounted for when only
species richness is used. Conservation studies should go beyond using species
richness as the sole index of diversity to attain a more complete understanding of
diversity (Wilsey et al. 2005). Studies made by Puyrvaud et al. in 2004 have
emphasized that although the red data book is widely used as an analytical tool for
impact assessments on vegetation, status of threatened plant species should be

examined using quantitative methodology.

The present study aims at assessing the impact of rubber plantations on the
diversity of plants using quantitative data of abundance. Literature survey has shown
that such biodiversity assessments have not been made using quantitative data in vast
scale plantations of rubber in India and the world. It is evident that Kerala has a rich
source of plant diversity, and is an abode of a major part of the natural and endemic
flora of the Western Ghats. A holistic assessment as to whether the undergrowth of the
rubber plantations must be promoted is a question which needs to be answered. The
review of literature, indicates, scanty efforts on such understanding. An in depth study
on the importance of promoting under growth and the types of plants that survive

naturally can help us conserve our natural plant diversity. This is vital for existence of
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the plant species, and to prevent the loss of biodiversity. Rubber being a natural forest
species should, in principal support the growth of other forest species. It is also
important that we cultivate rubber in a manner that we use this inherent potential of
the plant and conserve the plants that grow naturally with it. In India although several
methods of weeding are being practiced. The effect of maintaining the ground flora
without weeding and with minimum tilling on biodiversity and latex production has

not been studied sufficiently.

Further fragmentation of the forest has resulted in loss of several species.
Reduction and fragmentation of the forests area by man also posses to be a major
threat to the existing speci(;.s in the forest if, they are not preserved in their required
numbers along with their supporting ecosystem. It will be of importance to see if
rubber plantations can be used as foster ecosystem in order to conserve the existing

fragile diversity of the forest fragments.
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Materials and methods

3.1 Study location and experimental layout

3.1.1 Choice of study location

Three major rubber-growing districts were chosen for this study viz.
Kottayam, Pathanamthitta and Kollam. These areas were chosen because of their vast
extent of rubber cuitivation and their proximity to natural Tropical evergreen forests.
The areas under rubber cultivation in each of the state show that Kottayam, Kollam
and Pathanamthitta districts alone comprise 42.2 % of the total land under rubber
cultivation in Kerala (Table 3.1). 50% of the land of Kottayam district is under rubber
cultivation. The forests which come in the study area of this study are Tropical wet
evergreen forest which in Kerala covers 3299 km? (Forest statistics 2003). This is

45% of the protected forest area (Table 1.2)

Table 3.1 Area under Hevea cultivation, and under forest in Kerala State and in the
districts of Kottayam, Pathanmthitta and Kollam (Source Forest statistics 2003).

Total Percentage
area of Area under Area as {&re? of the area of the
. rubber district/state
Region the o forests state under
. cultivation 2 under rubber
region km?)* (km*) cultivation rubber
(km?)* ( - cultivation
Kerala State 38864 |5027.4 7356.5 18.90% -
Kottayam district 2208 11185 81.4** |50% 24.53 %
Pathanamthitta district | 2642 495.5 1059.1 20% 10.74 %
Kollam district 2491 352.8 814.4 11% 7 %

* Source Indian rubber statistics 2006

** Source Agricultural statistics 2002

45
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Plate 2: Location of the sampled sites of Rubber plantations, Open areas
and the Forest areas
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Plate 3 Rubber Plantation

Plate 4 Open area



Plate 5 Forest area

Plate 6 (a) Herb quadrat sample in Rubber plantation area



Plate 6 (b) Herb quadrat sample in Rubber plantation area

Plate 7(a) Herb quadrat in Open area



Plate 7 (b) Herb quadrat in Forest area

3.1.2 Establishment of sampling units

To study the ecological parameters the following steps were undertaken in

the sites chosen for study.

1. Sites of rubber plantations were chosen in Kottayam, Kollam and

Pathanamthitta district

2. Areas of rubber plantations were chosen in the three districts were preferably
adjacent to the natural Tropical Evergreen forests. These are referred as

Rubber plantation areas (RP areas).

3. Sites were chosen in the areas adjacent to rubber plantations where the land is
fallow and no cultivation is practiced. These areas are referred as Open areas

(OP areas).

4. Sites were chosen in the forest areas lying adjacent to the rubber plantations, in

the three districts. These are called the Forest areas.
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5. Based on the species area curve the sampling size was established to sample

the herbs, shrubs and trees of the area (Figure 3.1).

6. The number of quadrats to be established in each type of area (RP, OP and

Forest) was determined by the species accumulation curve.

7. Permanent frame quadrats were established randomly within each area and

observations made on a regular basis (Table 3.4) for a period of three years.
3.1.3. Salient features of the sites chosen

Important features of the sampling sites were noted and tabulated (Table 3.2

& 3.3) based on the agricultural history of the site and meteorological parameters.
3.1.3.1 Agricultural history of the site

The profile of the agricultural history up to, approximately 100 years was
looked into. The disturbance level of each site was assessed. Sites were then

classified as given below.

1.  Typel- Forest areas which were converted onto plantation.
2.  Type2- Area used to cultivate other crops and now cultivating rubber.

3.  Type3- Area with rubber plantation for the second consecutive generation

Accordingly the sites chosen were classified in to these three categories. A

brief description of the sites is given in Table 3.2.
3.1.3.2. Site characteristics

The geographical and meteorological site characteristics of the sites sampled
are tabulated in Table 3.3. The information was based on the data obtained from the

following sources
1. Kerala Forest statistics (2003)

2. Metereological center Rubber research institute of India, CES chetheckal and

Thiruvananthapuram

3. Punalur observation center
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4. TRNT estate Mundakayam
5. Remote sensing, KFRI Peechi
6. Remote sensing RRII Puthupally
7. Resource soil survey (1999)
Table 3.2- The agricultural history of the rubber plantation (RP areas) of Kottayam,

Kollam and Pathanamthitta district of Kerala. Based on the history of
disturbance levels these areas have been categorized into three types.

History of the rubber

. istrict Site . . .
SNo Distric plantation sites cultivation

Type

Area cultivated with different
crops (Tapioca, Areca,
Coconut, Banana etc) followed
1. Neezhoor by the first cultivation of 3
rubber in 1970. Rubber
replanted in 1992.Unweeded
for 7 years.

Agriculture land converted to
Rubber cultivation 50 years
2. Kottayam Puthupally earlier, Presently second 3
generation of
rubber.Unweeded for 4 years

Agriculture land converted to

3. Pampadi Rubber cultivation. 2
Forest acquired in
1900.Cultivated Tea until
5. Mundakayam 1971. Since then Rubber 2
cultivation.
4 Pathanamthitta | Chetheckal Forest acquired in 1.967.Smce 1
then rubber plantation
Forest acquired and
converted into Rubber
6. Kollam Thenmala Plantations. Less than 50 1
years old.
{ ]
53
8 J
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Table 3.3 - The geographical and meteorological characteristics of the sampled sites
in Kottayam, Kollam and Pathanamthitta district of Kerala.

Kottayam district Kollam district | Patahanmthitta district
S Description
No Nee Pam Puth Mund Mund. Then. | Then. Cheth. Cheth.
z p- ' : Forest Plant. | Forest Plant. Forest
1. | Latitude 9° 9° 9° 9° 9° 8°45°- | 8°57° 9° 9°
47 45N 34 22N 32’N 3I’'N 28°N 9°13’N | 45N 22'N 24’ 43N
o o o o o o 0 o o
2. | Longitude 76 76 76 76 76 77 71 76 76
32’'1SE 37°46E 36’'E 56’'E 5TE 16’E | 3’ S1E 50'E 48’ 56E
3. | Altitude 80m 60m 73m 180m 200m 100m | 100m 80m 240m
4. | Annual
. 3027.1mm 3515.5mm 3093.5mm 3589.1mm
rainfall
6. | Mean max. 32.3°C
temp.
7. | Mean min. 23.2°C
temp.
8. | Humidity 66.8% 79% 87.2% 74%
g, | Mean wind 1.7 kn/hr 2.0 knv/hr
speed
o ] ] "E 2 (3} 5} 2 L
‘g | ‘a8 = = = c ‘g
10. | Rock type 8 8 8 -8 8 g g 8 5]
§ g 8 g g b} S k: 8
O @) o 5 o} X @) O
Sandy | Sandy
Moderately | Moderately | Moderately | Deep clay clay Moderately | Moderately
. Y Y Deep well | loamy | loamy
11. | Soil type shallow to | shallow to | shallow to | well drained soil soil shallow to | shallow to
very deep | very deep | verydeep | drained well well | very deep | very deep
drained | drained
Total Area
13, | of the. 47 27 30 2835 | 8140 | 607.5 | 20567 | 250 37
sampling
site (Ha)
15. | Type 3 2 3 2 - 1 - 1 -

Neez.- Neezhoor Mund. Forest- Mundakayam forest Then. Plant.- Thenmala plantations

Pamp.- Pampadi Puth.- Puthupally Mund. - Mundakayam Then. Forest- Thenmala forest

Chet. Forest- Chetheckal forest
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3.1.4 Site details

3.1.4.1 Kottayam district:

The district has a latitude that ranges from 96 15’to 106 21’ N and an altitude
of 10 to 300mm.It has a total area of 2208 km? of which 100.84 km? is under forests
which is 4.5 % of the total area of the state. A total area of 1121.51 km2of Kottayam is
under rubber cultivation of which 1081.12 km?is under smallholdings and 40.39 km?
are under estates. Nearly 50% of the cultivable land of the district is under rubber
(Farm guide 2001). The total area under rubber constitutes 24.5 % of the total area
of rubber cultivation in the state. The terrain ranges from 10 to 300m in elevation
and the rock type is laterite and charconite. The hot season from March to May is
followed by the southwest monsoon from June to September. October and November
constitute the post monsoon season. December to February form the northeast
monsoon. Rain ceases in January.

Four rubber-growing areas in Kottayam were chosen as area of study

(a) Neezhoor (Neez.)

This site comes under Vaikom Taluk, in Neezhoor panchayat. 4.7 hectares of
rubber plantatio.n was chosen for the study. This region has a history of high disturbance
and is typed as ‘type 3’catagory (Table 3.2). Rubber cultivations began in the year 1970
and a second generation of rubber plantation was planted in 1992. The plantation has
been left unweeded for the past 7 years on an experimental basis. The site of study has
latitude of 9 47’ 45N and a longitude of 766 32'15E. It has an altitude of 80m and
humidity of 66.8 %. Soil is moderately shallow to very deep and the rock type is

charconite. Monsoon is similar to that of Kottayam district.
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{(b) Puthupally (Puth.)

This site comes under Kottayam Taluk, in Pampadi block panchayat. A 30-
hectare plot of rubber plantation was chosen for the study. This is a second generation
rubber plantation and has a high disturbance level. It is categorized under the Type 3
(Table 3.2).The entire area was not weeded for seven years. The site has latitude of 96 32’
N and a longitude of 766 36’Elts altitude is 73m and humidity of 63.7 %. Soil is
moderately shallow to very deep and the rock type is charconite. Monsoon is the same as
that of Kottayam district.

(c) Pampadi (Pamp.)

This site comes under Kottayam Taluk, in the Pampadi block panchayat. A 27-
hectare plot of rubber plantation was chosen for the study. It is a first generation rubber
plantation and has been under the ;I‘ype 2 category (Table 3.2). It has latitude of a 9 34’
22 N and a longitude of 76¢ 37’ 46E. Its altitude is 60m and humidity of 66.5%. Soil is
moderately shallow to very deep and the rock type is charconite. Monsoon is the same as

that of Kottayam district.
(d) Mundakayam (Mund.)

This site is in Kottayam district, and is in the Kanjirapally Taluk in Kanjirapally
block panchayat. The TRNT estate, which is 2835 hectares of plantation, was chosen as
the area of study .The TRNT estates has a history of tea cultivation of approximately 50
years and is presently a first generation rubber plantation. It comes under the Type 2
category (Table 3.2). The site is adjacent to the Erumeli range of natural Tropical
evergreen forest. The forest area has been termed Mundakayam forest for easier

identification purpose in this study.
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The site has a latitude of 9931’N and a longitude of 76¢ 56’E. Its altitude is 180 m
and humidity of 79.0%. Soil is moderately shallow to very deep and the rock type is
charconite. Monsoon is the same as that of Kottayam district.

(e) Mundakayam forest (Mund. Forest)

It is a part of the Erumeli forest is in the High Range circle of the Forest and has a
total area of 143.5 km2 Of this 81.41 km?falls in Kottayam district. The forest type seen in
this area is of the Tropical evergreen type of forest. Part of this forest lies next to the
Mundakkayam TRNT estate and makes an ideal site for a comparative study. The site
has a latitude of 9628’ 55N and a longitude of 76¢ 57" 49E. Its altitude is 200m and
humidity of 77%. Soil is charnickite deep well drained soil. Monsoon is the same as that
of Kottayam district.
3.1.4.2 Kollam district

_Kollam district lies in the latitude of 8%45to 9613'N and a longitude of
76628'to77616’E. The total area of the district is 2491sq. km. This district has a forest
cover of 814.38 sq. km. 369.47 km? of land of this district is under rubber cultivation of
which 278.77 km? are small holdings and 90.97 km2 are estates. 11% of the area of the
state is under rubber cultivation, which is 7 % of the total area of rubber cultivation in
Kerala. The terrain has an altitude of 100m. The rock type is charconite and the soil type
is laterite and forest loam. The average humidity is 87.2%. The hot season from March to
May is followed by the southwest monsoon from June to September. The months of
October and November constitute the post monsoon season. December to February form
the northeast monsoon. Rain ceases in January. The area chosen for study in Kollam

district were as follows
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(@) Thenmala rubber plantation(Then. RP)

An isolated plot of rubber plantation of 607.5 hectares, and 8 km well into the
forest was chosen as the area of study. This complete patch of rubber plantation was
surrounded by Thenmala forest, which is a Tropical wet evergreen forest. This rubber
plantations is a first generation plantation hence been typed as “Type 1’ category (Table
3.2). The latitude of the site chosen is 8645’ to 9613’N and the longitude is 77616’E.It has
an altitude of 100m and humidity of 87.2% .The rock type is Khondolite. The soil is sandy
clay loamy soil well drained. Monsoon is similar to that of Kottayam district.

(b) Thenmala forest (Then. Forest)

This is a large patch of reserved forest of the Tropical wet evergreen type, in the
foothills of the Western Ghats. The area of Thenmala forest comes under the Southern
Circle of the range wise forest area and is 205.67 km? (Kerala forest statistics 2003)- The
study site has latitude of 86 57’ 45 N and the longitude is 774 03’ 51 E. It has an altitude of
100m and humidity of 87.2%. The rock type is Khondolite and the Soil is sandy clay
loamy soil well drained. Monsoon is similar to that of Kottayam district.
3.1.4.3 Pathanamthitta district

The district lies in the latitude of 9¢4'to 9930'N and a longitude of 7630’to
77617’E. The total area of the district is 2642 km?. A total of 1059.1 km?2 of this district is
covered with forests. 479.98 km? of land of this district is under rubber cultivation of
which 419.58 km? are smallholdings and 60.40 km? are estates. Thus 20% of the area of
the state is under rubber cultivation, which is 10.7 % of the total area of rubber
cultivation in Kerala. It has an altitude ranges from 100 to 200m. The rock type is
charconite and the soil type is laterite and forest loam. The humidity is 63.7%. The hot
season from March to May is followed by the southwest monsoon from June to

September. October and November constitute the post monsoon season. December to
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February form the northeast monsoon. Rain ceases in January. The area chosen for study
in Pathanamthitta district were
@ Chetheckal rubber plantation

The site chosen in Chetheckal is Chetheckal experimental station (CES),
Manimala which is 250 hectares of forest converted into rubber plantation in the year
1971. It is a first generation rubber plantation and has been typed as type 1 category
(Table3.2). A part of this plot has been left as a forest and has not been converted into
plantation. This site is also adjacent to the Ranni reserved forest but is separated from
the forest by a road and adjacent human habitation. The site has latitude 92 22’ N,
longitude 762 50’ E and an altitude of 80 m. The humidity was 72%. The rock type is
charconite and the soil is moderately shallow to very deep.
(b) Ranni Forest (Chetheckal forest)

A secondary forest lying adjacent to the rubber plantation was chosen as a site
for comparative study. This is part of Ranni forests, which comes in the Southern circle of
the forest ranges and is a Tropical evergreen forest. The Ranni forest has a total area of
1059.1 km?, all of which falls in the district of Pathanamthitta. .The part of the forest
which lay next to the plantation was chosen for a comparative study. This area was
segregated from the Ranni forest by a long winding road and heavy human habitation.
This area which was once a part of the Ranni forest was once cleared in the year 1980.
No rubber plantations have been planted in this area. Thereafter it was left to regenerate
so that it could recouperate and become the original forest. It has an area of 50.4
hectares. The site has a latitude 92 24’ 43N, longitude 762 48’ 56E and an altitude of 80 m.
The humidity was 74%. The rock type is charconite and the soil is moderately shallow to

very deep.This forest has also been refered to as Chetheckal forest in this study.
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3.1.5 Area sampled

A total area of 3754 ha of rubber plantations (RP areas) and 3 ha of tropical rain
forest (Forest areas) was sampled. Open areas(OP areas) were highly variable in size
.They are open spaces left fallow without cultivation for very long periods of time, found
adjacent to, or nearby rubber plantations. In total 144 herb quadrats ( of the size 0.25
sq.m.), 62 undershrub quadrats (of the size 9.0sq.m) and 3 tree quadrats ( of the size
10000 sq.m each) were sampled. A total of 54.6 sq.m of herbs, 4571 sq.m of undershrubs
and 30000 sq.m area of trees were sampled respectively ( Table 4.1). Disturbance factors
were given a 0-6 score, computed as the sum of indices representing area impacted (0-
3) and intensity (0-3), with O for none, 1 for low, 2 for medium, and 3 for high
area/intensity of influence of the factor. Scores for various factors were summed to
obtain a total disturbance score for each site (Table 4.2) (Muthukumar et. al. 2006).

3.2 Ecological parameters

Both qualitative and quantitative assessments were made of the sampled areas.

3.2.1 Qualitative assessments

This include the following studies
1. Floristic analysis
2. Relative diversity
3. Life form spectrum
4, Physiognomy
5. Phenological studies
6. Allelopathic studies

7. Compilation of growth forms, vertical stratification, medicinal plants, endemic

plants and the natural habitat of the ground flora to show succession trends.
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3.2.1.1 Floristic analysis

The area under study was scanned manually in each of the chosen sites for study
| and an enumeration of the type of vegetation and flora found in that region was made.
The plants were identified, collected and preserved as a herbarium. Site descriptions and
site characteristics were recorded meticulously as field notes. The floristic survey of the
three types of areas (RP, OP and Forest) was made on increasing spatial and temporal
scales. The RP sites are randomly chosen sites in the districts of Kottayam, Kollam and
Pathanamthitta. The OP sites lie adjacent to the RP area surrounding the rubber
plantation or are in the vicinity of the RP areas. Three RP areas chosen for the study were
adjacent to Tropical rain forests with an assumption a priori that a comparison of the

floristic change will test the null hypothesis that rubber plantations affect the diversity.

Floristic surveys were conducted on each site for the angiosperm, gymnosperm
and Pteridophyte species present. Flowering and fruiting specimens were collected
during different seasons of the year and relevant field notes were also recorded. The
collected specimens were processed and herbarium specimens prepared as per the
methodology given in Bridson and Forman in 1991. The specimen were first classified
into families and subsequently identified into different genera with the help of taxonomic
literature. They were further scrutinized for species identity with the help of dissected
flowers and other diagnostic features. A few specimens were collected in the sterile
stage. The species were identified using Flora (Gamble 1935, Gamble and Fischer 1935)
and with the help of taxonomists and herbarium collections available at St. Thomas
college Pala. Whenever required, revisions and monographs of genera or families were
also consulted before arriving at the exact identity and up to date nomenclature of any
species. The species names were made up to date in accordance with the International

code of Botanical Nomenclature (Greutier et al. 1994). The up dated names were also
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referred and confirmed with The Biodiversity Documentation for Kerala: Flowering
Plants (Sasidharan 2004). The species were enumerated alphabetically under various
families arranged according to the classification of Bentham and Hooker in the year
1862-82. (Gamble 1935). All specimen cited in this work were deposited in the.
herbarium of Rubber Research Institute of India (RRII), Kottayam, India.
3.2.1.2 Relative diversity

Relative diversity is the number of species per family or genera found in the each
area. The relative diversity of each family reveals the dominant families and the structure

of the plant community within (Keel et al. 1993).

Relative diversity = Number of specnes. x100
Total number of species

3.2.1.3 Physiognomy

(a) Habit

The number of herbs, shrubs, trees and epiphytes were enumerated.

(c) Vertical stratification and Growth forms

The growth forms viz. herbs, shrubs, trees, climbers and epiphytes were
enumerated for each of the areas sampled. Stratification is the phenomenon of having
more than one layer formed by different heights of plants growing in the same place. The
composition of plants and their possible stratification and synusiae formed were studied
for each area. The stratification used were as detailed by Smith and Smith in 2006.
3.2.1.4 Life form spectrum

Biological spectrum is the array of the percentages of various life forms of the
floristic community of an area. Based on the floristic survey and the sampling of the
quadrats, plants found in different areas were listed and different life forms were
identified based on the position of the renewal bud or organ. The Biological spectrum of

each of the areas sampled was prepared and compared with the Normal Raunkiaer’s
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Biological spectrum (NBS) and Dansereau proportion of Raunkiaer’s life form
(Raunkiaer 1934). The Raunkiaer’s life form classification was followed. The species of
the community distributed among different life forms viz. Phanerophyte, Cryptophyte,
Chamaephyte, Hemicryptophyte and Therophyte on the basis of the position of the
renewal bud or organ in the species (Raunkiaer 1934, Braun Blanquet 1951). A brief

description of the life form is given below.

Phanerophyte - Plants which have buds, which are naked or covered with scales
and are, situated high up on the plant. These life forms include

trees, shrubs and climbers.

Chamaephytes - Plants usually less than 25-30cm in heights. Their buds are
situated close to the ground surface.

Hemicryptophytes - Buds hidden under the soil surface protected by the soil itself.
Their shoots die each year. They include most biennial and
perennial herbs.

Cryptophytes - Buds are completely hidden in the soil as bulbs or rhizomes.

Therophytes - These are seasonal plants, completing their life cycle in a single
favorable season remaining dormant throughout the rest
unfavorable period of the year in the form of a seed.

3.2.2 Medicinal plants

The number of medicinal plants found in the rubber plantations, Open areas and
the Forest areas were listed and their medicinal properties tabulated (Jain and Defillips
1991). The vernacular identification and the plants medicinal properties were confirmed

with the help of local people of that area.
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3.2.3 Endemism

The number of endemic plants found in the RP, OP and forest areas were listed
using the Biodiversity documentation of the flora of Kerala (Sasidharan 2004) and the
IUCN red data book (2002).The extent of endemism for these plants were also

determined and tabulated.
3.2.4 Vegetation succession

The qualitative survey of the plant species observed in the habitat chosen (RP,
OP and Forest) was used to see if the plant composition was showing a trend of change
from the Tropical environment. By documenting the habitat preference of the species
identified using floras (Sasidharan 2004), a composition profile of each area was
prepared by compiling the number of species with specific habitat preferences. Although
unnatural, sacred groves were included as a habitat preference, as they afe natural
habitats, which are allowed to flourish by restrictions imposed on the disturbance level
(Parthsarthy and Karthikeyan 1997).
3.2.5 Phenology-

Phenological studies were made following Billet in 2004. Each phase is called a
phenophase. The following observations were made.

Period of vegetative growth

Period of flowering

Setting of fruiting

Seed germination
3.2.6 Quantitative assessments

3.2.6.1 Sampling

To study the vegetation characteristics of the areas permanent experimental

sampling units were placed for a period of five years (2001- 2006). The species-area
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curves clearly illustrate that to distinguish between ecological situations, field studies
should use quadrats whose area value will be the minimum area that contains most
species of the flora growing in the region (He and Legendre 2002) as used in this study.
The term “quadrats” refers to such sampling units (Mao et al. 2005). The objective of this
study was to examine the community structure at the spatial scale at which species
interaction takes place. Separate quadrats were taken to sample herbs, shrubs and trees
based on the species area curve (Table 4.2). This was done in order to sample the local
variation at each site as completely as possible. The sampling units were frame quadrats.
The methodology used is as detailed below.
3.2.6.2.Sample size

To determine the quadrat size the species area curve of the area was plotted
(Krebs 1989). In all the areas sampled the species area curve reached asymptote at 0.5 m
for the ground flora of Rubber plantations. To sample the shrubs an asymptote was

obtained at 3m and for trees at 100m. Accordingly sampling sizes were fixed at
0.5mX 0.5m - for sampling of herbs

3mX 3m - for sampling of shrubs

100mX 100m- for sampling of trees

In the rubber plantations and the Open areas the tree saplings often are not
allowed to grow to their full potential reach and reach their full form. Hence the saplings
were enumerated as trees.
3.2.6.3 Sampling units

The quadrats were established using 0.5mm iron rods of 26inches height, which
were embedded 1 foot into the ground. A 0.4mm plastic rope was tied to join the four
corners at a height of 1 foot from the ground level. These areas were periodically surveyed.

A surrounding area of 10 meters diameter was left undisturbed for the period of study. The

()
L%
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number of quadrats to be established in an area was determined by determining the
asymptote of the species accumulation curve. This was further confirmed using the
parameters of abundance, distribution and species richness estimation. These quadrats
were used to take the plant species count for the study of the ecological and
phytosociological parameters and for phenological observations that were also made on a

regular basis in these plots.

Three types of areas were chosen to establish the quadrats to make a comparative

study of the vegetation. These areas are described below.

Open area (OP) - Areas found adjacent to rubber plantations on its outskirts where no
farming is done. There is no human interference in these areas except for occasionally

disturbance due to animal or human movement.

Rubber Plantation (RP) - Areas within the plantation having a full canopy. The age of the
plantations ranged from 7 to 20 years. It may be noted that two areas of rubber plantation

chosen for our study viz. Puthupally and Neezhoor have not been weeded for seven years.

Forest Areas -Areas within the Tropical evergreen forest adjacent to the rubber
plantation. These forests are reserved forest with no disturbance by human habitation or

animal grazing,

The quadrats were established along the edge of the forest adjacent to the plantation
in order to sample the gradation of the vegetation change. A plot of 100m X 100m was taken
into the forest from the edge and both shrub (3mX3m) and herb (0.5mX0.5m) quadrats were
established within them (Bhat et al. 2000). To enumerate and study the vegetation of the
trees all the woody plants (which include tree saplings, shrubs, lianas, climbers, etc.) with a
circumference of > 10cm at breast height (i.e. 132cm) were enumerated as trees (Bhat et
al.2000). The saplings of trees were included in our study in the herb and shrub quadrats.

Plants were identified up to the species level. In case of uncertainty a specimen of the tree
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species and a photograph were used to identify them. The vernacular names and medicinal

properties were confirmed with the help oflocal people.

Figure-3.1 A diagrammatic representation of the orientation of the three types of
quadrats established in the forest sites sampled. (The sizes of the
quadrat are not to scale).

3mX3m
Shrub quadrat n =
[ |
100mX100m —»
|
Tree quadrat u
| » 0.5mX0.5m

Herb quadrat
3.2.6.4 Sampling method

The site location, area sampled the number and type of quadrats established
and the sampling frequency are given in Table 3.2. A sampling protocol was followed
wherein repeated observations were made at the sample locations selected to
represent the community. This temporal replication over a period of 5 consecutive
years on the same sampling site enabled collection of data needed to resolve the
ambiguity between species absence and non detection when species are unobserved
at sample locations (Dorazio et al. 2006).To sample the plant species the following

steps were undertaken

Enumeration- Plant species was identified within the plot and a count of the number
of individual plants present within the quadrat was made and noted. In the case of
grasses and vegetative propagated plants, each tiller or shoot coming out of the soil is
counted as an individual. When the plant flowers a single flowering plant was

enumerated as one plant. An enumeration was done all year around for five years
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and the average number of the individual plant species was taken as a count for a

single plant species.

Phenology- Plants selected for phenological observation were identified in the plot

and tagged. Observations were made as per the schedule (Table 3.4).

Table 3.4 Experimental layout summarizing the sampling mode and frequency site
location, area, type of the RP, OP and Forest areas and their subsamples in
Kottayam, Kollam and Pathanamthitta districts of Kerala.

Frequency of
observation
- Name of the Arealn | Typeof | Type of Number of
District . quadrats
Place hectares | plantation | Area Year
establ.
1}2|3(4]|5
op 6 wim|q{q|q
Neezhoor 4.7 Type3
RP 16 wim|g|q|q
oP 8 w|lm|q|q|q
Puthupally 30 Type2
RP 20 wimi{q|q|q
OP 3 wimjq|qjq
Kottayam Pampadi 27 Type2
RP 17 wim|q|q|q
oP 3 m(w(q|q|q
2835 Type2
RP 15 m(wlqfqjlq
Mundakayam
17 m|wiq|qfq
>10000 - For.
14 miwi|qlql|q
101 Type2 and op 3 mwiardaia
Pathanamthittta Chetheckal Type3 RP 21 m(w(q|q|q
30 - For. 12 m|w|q|qlq
607.5 Type 1 RP 11 qlyl|yly
Kollam Thenmala 14 qlylyly|-
>10000 - For.
12 Q|y|(y|Y|-

OP- Open area RP- Rubber Plantation For.- Forest q- quarterly y-yearly w-weekly

3.2.6.5. Phytosociological characteristics
A community has a series of attributes that do not reside in its individual

species components and have meaning only with reference to the community level of
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integration. The phytosociological characteristics of communities measured were as

follows.

3.2.6.5.1. Abundance index
Abundance refers to population size and is the number of individuals in a

given area. It is measured as

No. of individuals in all the quadrates
No. of quadrat in which species occurs

Abundance =

Relative abundance is the abundance of a species (by any measure), divided by the

total abundance of all species combined.

Abundance of a species
Total abundance of all species

Relative abundance =

The computations based on the species abundance data are
1.  Species number index

2. Rankabundance

3. Species accumulation

All the abundance indices computed from the data using Pisces conservation SDR

version 4. (Seaby and Henderson 2006).

3.2.6.5.1.1 Species number index

The number of species found in each sample and the all sample index is
computed and the result displayed as a graphical output. This gives the species
composition i.e. a list of all the species in this defined unit, along with some measure
of the abundance (relative abundance). Species composition can be considered a

vector i.e. a column of numbers when based on relative abundance.

—
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3.2.6 .6 Plant diversity analysis protocol

Mc Carthy et al (2001) recommendations for plant diversity analysis for
plant communities were followed in this study. The diversity analysis protocol is also
based on several diversity studies (Colwell and Coddington 1994, Ludwig and

Reynolds 1988, Magurran 1988, and Pielou 1975). They are as follows.

1. Construct rank on abundance plots (RA plot) - the shape of the plot will indicate

what model to explore further.

2. Estimate species richness using the rarefaction method- this will permit

comparisons between differently sampled communities.

3. Fit the logarithmic series or the lognormal curve to the data- if the R-A plot

suggests.

4.  Use the Simpson’s and /or Shannon- Weiner diversity index- decide a priori

which is more appropriate.

5.  Determine evenness for the sample- Use the appropriate measure of E for the
index calculated.
6.  Construct SHE plots- explore the relationships and evaluate sampling efficiency.
3.2.6.6.1 Rank on abundance plot
This is the first step to analyzing the data (Taylor et al. 1978). It examines the
pattern of relative abundance between species in the samples. The rank abundance
plot is a very useful way to summarize both equitability in abundance between
species and species richness. The distribution and abundance of the plant species
were examined using rank on abundance plots. Abundance is the percentage of
individuals of each species that contributes to the total number of individuals of all

species. Rank on abundance is the order of species from most to the least.
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The number of individuals of each species was sorted in descending order,
and the proportion of the total number of individuals for each species was plotted on
the log scale against the species rank. Rank on abundance plot (RA plot) is one of the
many ways by which the species abundance and species diversity can be
summarized. These plots summaries the equitability in abundance between species,
and species richness. The shape of the RA plot provides an indication of dominance
or evenness. A steep plot signifies assemblages with high dominance and shallower
slopes indicate higher evenness. Plotting the logarithms of abundance and rank
displays more of the structure in the data, and allows the pattern of relative

abundance between different samples or communities to be more clearly compared.

3.2.6.6.2 Species accumulation curve

The species accumulation curve also called the collectors curve or acquisition
curve was plotted for each site and for the pooled samples for each type of area (RP,
OP, Forest) using SDR version 4.0. This gives a measure of the completeness of the

inventory and allows the comparison of the species richness between the areas

During sampling, new species are initially encountered rapidly. The rate of
encounter decline as the samples accumulates. The total number of species in the
collection is approached asymptotically (Pielou 1966). This relation has been
variously termed species-diversity curves (Sanders 1968), species-richness curves
(Hurlbert 1971), collector's curve (Pielou 1975, Clench 1979), species-cover curves
(Palmer 1991), species-area curves (Miller and Wiegert 1989, Solow and Smith
1991), cumulative species-area curves (Quinn and Harrison 1988, Beckon 1993)

and species-accumulation curves (Grassle and Maciolek 1992).

The species-area relationship is an important tool for quantifying changes in

species richness across a continuous range of spatial scales (Shmida and Wilson
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1985, Rosenzweig 1995, Lomolino 2000, Crawley and Harral 2001, Scheiner 2003,
Drakare et al. 2006). Species accumulation curve showing the cumulative increase in
species with increasing rubber plantation area inventoried, are drawn for the entire
study area and for the sub regions. Because a complete census is feasible only under
a few special situations, it is necessary to estimate species richness by sampling the
target species assemblage. The species accumulation curve, that is the plot of the
expected number of detected species as a function of the sampling effort, arises as a
graphical representation of the sampling process (Sanders 1968, Palmer 1990).The
plot of the cumulative number of species, S(n), collected against a measure of the
sampling effort (n) is termed the species accumulation curve. The sampling effort is
measured as the number of quadrats taken. Species accumulation curves of the RP,
OP and Forest areas sampled and their subsets were computed using Pisces

conservation SDR version 4. (Seaby and Henderson 2006).

In some of the Open areas the rate of acquisition of new species greatly
decelerated with sampling effort. An asymptote was not reached and the species
accumulation curve increased very slowly and approximately linearly.-Sampling for
species at this stage was considered complete. Thus in such areas the species

accumulation curve reached an asymptote with relatively small sampling efforts.

Species accumulation curve on one hand is a measure of sampling intensity
and on the other is also a measure of the adequacy of the sampling effort. Apart from
this, accumulation curve also extrapolate species richness vs. sample size data to an
asymptote of total richness (Sobero’n and Llorente 1993). Thus the curve also
provides an estimate of the number of species present in the community (Smax),
which is the observed number of species (Sobs). The observed number of species is

considered surrogate for the true number of species (St} and can exclude many
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rare species and underestimate Sy (the qualitative assessment in this study) which
is the number of species actually present in the area (Palmer 1990, Baltana’s 1992,

Colwell and Coddington 1994, Martinez et al. 1999).

3.2.6.6.2.1 Randomization

To minimize arbitrary effects of sample order, randomizations were
undertaken to smoothen the species accumulation curves. When calculating species
richness or fitting a species accumulation curve, the order in which the samples are
listed can have a large impact on the result. To avoid this problem the sample order is
randomized many times to produce an average for, the number of species observe
(Solow 1993). Randomization tests were undertaken using SDR version 4.0 for the
individual rubber plantation areas and Open areas, and for the pooled data of Rubber
plantation areas, Open areas and Forest areas of all the districts. The species
acquisition curve indicated, whether the sampling has been of sufficient intensity, to
capture most of the species present. These samples adequately characterized the

community and summarized the completeness of the sampling effort.

3.2.6.6.3. Species richness estimations
3.2.6.6.3.1 Species accumulation based species richness estimators

The extrapolations of species accumulation based estimators viz. Henderson’s
plot, Pooled rarefaction, Sample interpolation and Heterogeneity are estimated and

plotted using SDR version 4. (Seaby and Henderson 2006 ).

(a) Rarefaction

Rarefaction is a procedure for analyzing the number of species (species
richness) among collections, when all collections are scaled down to the same number
of individuals. This scaling procedure was termed 'rarefaction’ by Sanders in 1968 who

used an incorrect equation which was corrected by Hurlbert in 1971. The number of
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species, Sp, that can be expected from a random sample of n individuals, drawn without

replacement from N individuals distributed among S species, is given by

E(sn)=§[1—(N_;&]/ (%)]

where S is the total number of species found in the collection, and N; is the number of

individuals of the ith species.

The formula computes the expected number of species in a random sample of
n individuals as the sum of the probabilities that each species will be included in the

sample. The variance of the estimate was given by Heck et al. (1975) as:

}

var (sc, =

-
L)
)
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A

These procedures calculate the number of combinations of the data and thus
require considerable amount of computation for large data sets. In addition to the
estimated species richness the output also includes the standard deviation of the
estimates. Sampling is assumed to be without replacement for the Finite version, and
with replacement for the Infinite version. The above equations are for sampling

without replacement.

Rarefaction curves were constructed from samples taken within habitats to

determine the efficacy of sampling, the true species richness of a given habitat, and to
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compare species richness among habitats on an equal-effort basis. It also evaluates
the adequacy of sampling by assessing whether the cumulative number of species has
reached an asymptote, by comparing the S to species-richness estimators, such as
Chao2 or ICE, or by extrapolating the curve (Colwell and Coddington 1994, Ugland

2003, Colwell et al. 2004).

Total species richness was also estimated using rarefaction curves using the
computer program Pisces conservation SDR version 4. (Seaby and Henderson 2006).
Rarefaction is a procedure for analyzing the number of species (species richness)
among collections, when all collections are scaled down to the same number of
individuals. Both pooled and single sample rarefactions have been plotted using

Pisces conservation SDR version 4.0. (Seaby and Henderson 2006).
(i)Pooled rarefaction

Pooled Rarefaction undertakes individual-based rarefaction on the pooled
data for all of the samples within the data set. First all of the samples are summed to
form a grand sample. Then the average number of individuals in a single sample is
calculated. The standard method for both the finite and infinite versions of the
rarefaction curve of Heck et al. (1975) is then used to calculate the species number as

the number of individuals increases.

(ii) Sample rarefaction

This method estimates how the species number in a selected sample changes
with the number of individuals. Sampling is assumed to be without replacement for
the Finite version is used. The output presents the change in estimated species

richness with the number of individuals and the standard error of the estimate.
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(b) Henderson'’s plot

Magurran and Henderson (2003) argued that all communities can be divided
into residents and tourists (migrants). While it can sometimes be assumed that a
sampled habitat is closed to migrants, when sampling large scale systems over
extended periods this cannot be the case. This method estimates the species richness
of the resident species and the rate of arrival of migrants for a habitat open to
migrants. The species acquisition curve is fitted to a hyperbolic-linear model that

takes the form:

S

s@):[ﬂﬁ}kzn

ki +n

where Sg, is the number of species recorded after n samples,
Smax is the total number of resident species,

ki is a parameter that determines the rate of acquisition of resident species it is the

sampling effort needed to collect half the total number of resident species and

k2 is a parameter that describes the rate of acquisition of migratory (non-resident)

species.

The hyperbolic-linear model is fitted using non-linear regression. For some sets of
data the initial values chosen by the program may be inappropriate, leading to a
failure to find a solution. This is most likely to occur if you are using data which do

not fit this model.

This equation is best fitted to a species acquisition curve smoothed by
averaging the randomized order of the samples. The output gives the predicted
increase in species number with sampling effort which is also presented graphically.

The estimated model parameters are also given:
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Resident Species: this is the estimated number of resident species living

permanently in the habitat.

No Sample for 1/2 Sp. Max.: this gives the number of samples required to produce a

species list comprising half the total number of resident species.

Migrant sp./sample: This gives the rate of acquisition of migrants in migrants per

sample.
(c) Sample interpolation

This method estimates the number of species that would be observed for
different numbers of samples ranging from zero to the total number of samples in the
data set. To use this method all of the samples selected must come from the same

community or habitat.

Some authors would refer to this method as a type of rarefaction. In the
program SDR version 4 (Seaby and Henderson 2006) rarefaction is used only for
methods based on numbers of individuals rather than samples. The calculations use
the method of Colwell (2004) which calculates the species accumulation using a
binomial mixture model. The method is based on the counts of species observed in 1,
2.. H samples (S;) where the total number of samples is H. This method assumes

without replacement.

For interpolation, there is an unbiased estimator E (h), the expected number after h
samples that is based on the counts s; appropriately weighted by combinatorial

coefficients.

Now Sobs, the total species number observed, is the sum of the §; values.

Colwell et al. (2004) showed that
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J=H
E) =S8, = > ays;

-1

where the combinatorial coefficients ajx are defined by

_ H - RIH - )
(H-h- j1H

C}fj_&

Or zero forj+h > H.

The standard errors are calculated using the estimated variance equation:
var(k) = Zl:ﬂ ~ &y Iy
7

This is a highly conservative estimate of variance which assumes that the
total number of unknown species that could eventually be caught is infinite. However
a conservative approach to error is used because of the dynamic and clumped nature
of natural systems. The upper and lower 95% errors are calculated as 1.96 times the

standard deviations.

(d) Heterogeneity

As extrapolation to estimate the total species complement for the habitat,
Smax, 1S only possible if the species accumulation curve is derived from a
homogeneous (stable) community, the first task is to look for heterogeneity. The
species abundance data was used to compare the mean randomized species
accumulation curve with the curve expected if all the individuals caught over all the
samples were randomly assigned to the samples. As suggested by Colwell and
Coddington (1994), if the expected, the curve rises more steeply from the origin then
heterogeneity is greater than could be explained by random sampling error alone.

The expected curve calculated by SDR version 4 is that described by Coleman (1981)

e
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and Coleman et al. (1982). The increase in species number over a series of samples,

S., is calculated as:

i-s.mr
Sy =Spr Z(l -a)*
i1

where Stor is the total species number recorded, n; the total number of individuals

belonging to species i, a the sample number and a the fraction of the total sampling

effort undertaken by sample a.

3.2.6.6.3.2 Non parametric species richness estimators

In order to make a complete species inventory of a site (taken as a plant
community), species richness estimators were used. Species richness estimations
were made to get the S max in RP areas which is considered surrogate to Sirwe which is
the actual number of species present in the area sampled. Richness estimators are
resampling techniques developed to reduce the bias of sample data ( Small and
McCarthy 2002). Because the number of species o~bserved in a sampling effort is
likely to underestimate the actual total number of species present in that community
(Lande 1996), richness estimators more heavily weight rare or infrequent species
such as uniques ( species occurring in only one quadrat) and duplicates ( species
occurring in exactly two quadrats ) for a given sample size (Palmer 1990, 1991and
Chazdon et al. 1998). Literature studies have suggested the use of multiple non-
parametric richness estimators to reduce sampling bias and to obtain more robust,
reliable estimations of community richness (Chazdon et al. 1998, Gimaret-Carpentier

etal 1998).

To extrapolate species richness based in the RP, OP and Forest areas, eight
non-parametric estimators were used for the three types of areas. The sample

coverage, which is the proportion of species present in the samples (estimated as
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species number / observed species number), is calculated. To choose the best species
richness estimator for the sites chosen the Brose, Martinez & Williams (2003)

protocol was followed.

|Estimator cholce path 1: | [Estimator cholce path 2: |
lEstimate Swee bY a range of estimatorsj lCalculate community evenness l
,, 1
lCalcuIate the estimated range of sample coverage ]

Choose the most appropriate
estimator for the respective level

of evenness

Choose the most accurate estimator for sample

coverage (if highly uncertain, e.g., range > 50%, go

to path 2) Low High
evenness: evenness:
Jack2, Jack3 Jack1 or Jack2
or Jack4 dependent on

0-26%:| 26-38%:|38~50%:{50-74%: [74-96%: |>96%: ~ dependent sampling

Jacks [Jack4 |[Jack3 |Jack2 liack1  [Saw on sampling intensity
intensity

Y y y Y. Y Y
l Estimate species richness with the estimator chosen

Accordingly the mean sample coverage indicated that the best species
richness estimator was the Chao & Lee 1&2(ICE/ACE) or the Michelis Menten for the
sites sampled. The estimator Chao & Lee 1 was chosen for this study. The two
estimators (Chao& ICE) are known to provide reliable and consistent richness
estimation with low sensitivity to sample size, patchy species distribution and
sample order (Chazdon et al. 1998, Small and McCarthy 2002). Species richness
estimations were made to get the S max in RP areas which is considered surrogate to
Stree Which is the actual number of species present in the area sampled. The non

parametric estimates used were
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(@) Chao Quantitative
This is the first of the series of estimators of species richness. Using the
observed number of species represented by one, a, or two, b, individuals in the

sample Chao (1984) derived the simple estimator:

|§M = 8,5+ @21 20)

Where, Sobs is the actual number of species in the sample ‘a’ the number of species
represented by a single individual, and b the number of species represented by two

individuals. Chao (1987) gives the variance of this estimate as:

varl,,. =& [%]:[%]Z[% 7

Note that when all the species have been observed more than twice, the census is

considered complete.

(b) Chao &Lee1l
This is also known as an ACE estimator of richness (Abundance-based
Coverage Estimator of species richness). The method was developed by Chao and Lee

(1992). Itis assumed that

Sobs = Spere + Sabund

The sample coverage estimate based on abundance data is defined as:

F
Coge =1- .
Yaxe
Where
10
Nir = ziFi

1=
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Thus, this sample coverage estimate is the proportion of all individuals in rare

species that are not singletons. Then the ACE estimator of species richness is

S F,
S, gplmre g 1 42
abund C C ‘Yace

ace ace

S

ace

The estimate the coefficient of variation of the Fi's is

10
RN | S
Voee Cex:e (Nme )(Nmre _1) ,

The default Number of Random Selections (R) is set at 10. A plot of the way

the estimate changes with the number of samples used is shown.

(b) Chao & Lee 2

This is also known as the ICE (Incidence-based Coverage) Estimator of
species richness (Lee and Chao 1994). It is assumed that
Sobs = Sinf r T Sfreq

The sample coverage estimate based on incidence data is

c 1O
Ninfr
Where
10
Nipgr = 2 19

j=1
In words, the sample coverage estimate is the proportion of all individuals in
infrequent species that are not uniques. The ICE estimator of species richness is
— Sinf r Ql 2
Sice - Sﬁeq + + C Yice

ice ice

gy
o]
N
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Where the estimate the coefficient of variation estimates the coefficient of variation

of the Qys, is

10
2i(1-1)Q;
Sinfr Myney =1 :

Cice (mim'rl) (Ninfr )2

2
Yice = MAX -1,0
The number of Random Selections (R) is set > 1 and the sequence samples are
selected R times at random from the complete set of samples and the mean estimate
calculated. This removes sample order effects. By looking at the progressive change
in the -estimates it is possible to assess if sufficient samples have been taken to

stabilize the estimate.
(d) 1st Order Jackknife

This method was independently developed by Heltshe and Forrester (1983)

and Burnham & Overton (1978).

f}mx = S +aln-1/n)

Where n is the number of samples and a the number of species only found in one

sample. Heltshe & Forrester (1983) give the variance of this estimate as:

-1
B

A . s 2
var(sm>=”—[z f“‘f}“%]
0

Where f; is the number of samples holding j of the L species only found in one sample.
Further jackknife estimators are also discussed in Burnham and Overton (1979) and
Smith and van Belle (1984). A simple plot of the way the estimate changes with the
number of samples used is shown. The number of Random Selections (R) is set > 1
then the sequence samples are selected R times at random from the complete set of

samples and the mean estimate calculated. By looking at the progressive change in

[ o )
1 83 )
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the estimates it is possible to assess if sufficient samples have been taken to stabilize

the estimate.

(e) 2nd Order jackknife

Burnham & Overton (1978) developed the second-order jackknife estimator:

S

piiiihg

_s, +':L(2n—3)_ M(n—2)2:|
b 2n-1)

Where L is the number of species only found in one sample and M is the number of

species only found in two samples.
(f) Bootstrap

A bootstrap estimate of species richness can be calculated as follows (Smith &

van Belle 1984):

Randomly select with replacement n samples from the total available, and calculate:

s
Suxe = Sops+ Z“_pi "
il

Where p; is the proportion of the n that has species I present.

The step is repeated 100 times , and the mean estimate of Smax is calculated. The

variance is calculated as follows:

|var(Sy) = 2112 P1-11- g, P e 3 S ety - - 20 2,7
where qj; is the proportion of the n bootstraps which hold both species i and j.

The number of Random Selections (R) is set > 1 then the sequence samples are
selected R times at random from the complete set of samples and the mean estimate
calculated. By looking at the progressive change in the estimates it is possible to

assess if sufficient samples have been taken to stabilize the estimate.

( o0 )
1 3 )
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(g) Michaelis-Menten
The asymptotic behaviour of the accumulation curve can also be modeled as
the hyperbola (Raaijmakers 1987):

Spc?
B+n

S(x) =

Where Smaxand B are fitted constants. The number of Random Selections (R) is set> 1
then the sequence samples are selected R times at random from the complete set of
samples and the mean estimate calculated. By looking at the progressive change in
the estimates it is possible to assess if sufficient samples have been taken to stabilize

the estimate
3.2.6.6.4 Fitting distribution (Non parametric species richness estimation)

One type of assembly rule for abundance is the dominance-diversity relation,
i.e. the distribution of species abundances within a community (Whittaker 1965).
Several models of have been proposed to describe the species- abundance
relationship of which four models have been chosen. The degree of fit to them
enables some discrimination between models of community structure (Pielou 1975,
Wilson 1991), A visual inspection of a single curve (RA plot) is insufficient to draw
conclusions so the data was tested to fit the species abundance distribution models
(SAD) viz. Geometric (Motomura 1932), Log series (Fisher et al. 1943, Kendall 1948),
Log normal (Preston 1948) and Broken stick (MacArthur 1957, Sugihara 1980,
Tokeshi 1993, 1996, Marquet et al. 2003). Results of the chi- squared test of the
observed and expected are also calculated. If the value of p is <0.05 then the

distributions are significantly different at the 5% level.

Given quantitative data, species abundance models describing the relative

abundance of species within the community such as the log normal can be used to
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estimate the total species complement, Sma. If the data fit a log normal distribution
then the number of unsampled species is given by the missing part of the distribution
to the left of the veil-line. Alternative distributions which have been suggested
include the Poisson-log normal (Bulmer 1974) and the log series (Williams 1964)
amongst others. It is unlikely that parametric methods yield reliable estimates for

Smaxand thus has been avoided.

(a) Geometric

The geometric distribution is described by:

| = WOk(1- T

Where
n; = the number of individuals belonging to the ith species;
N = the total number of individuals;
Ck is a constant to ensure that the total sums to N.
The parameter k is estimated by iteration, after which C is calculated.

The observed and expected abundances of the species, the estimated values
for k and the results of a Chi-Squared test of the observed and expected observations
are computed. If the value of p is < 0.05 then the distributions are significantly

different at the 5% level. The goodness of fit results is tested.

(b) Log series

The log series distribution is described by:
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Where each term gives the number of species predicted to have 1, 2, 3, ..n individuals

in the sample. The parameter a is estimated by iteration, after which x is calculated.

The observed and expected abundances of the species are displayed as a
graphical output. These are arranged in abundance classes and the upper column
gives the upper bound of each class. A plot of the observed and expected frequency
distributions arranged by class is computed using Pisces Conservation SDR version 4
(Seaby and Henderson 2006). The Observed are plotted as a histogram and the
Explected as a green line. The estimated values for a, x and the results of a Chi-
Squared test of the observed and expected observations are calculated. If the value of
p is < 0.05 then the distributions are significantly different at the 5% level. The

goodness of fit results is tested.

(c) Truncated log-normal

The majority of communities display a log normal distribution. However,
rarer species will not be fully represented in a finite sample so that in practice we
lose the left-hand tail of the distribution. The veil line represents the distance from
the right-hand edge of the distribution, at which species becomes too rare to occur in
the sample. The output is displayed as a graphical output. The observed and expected
abundances of the species are also computed. These are arranged in abundance
classes and the upper column gives the upper bound of each class. The plot of the
observed and expected frequency distributions is arranged by class. The observed
are plotted as a histogram and the expected as a green line. The results of the Chi-

squared test present the estimated values for the following parameters:

e The observed mean of the logged observations,
e The observed variance of the logged observations,

¢ The estimated mean of the log normal distribution,




Chapter 3: Materials and Methods

e The estimated variance of the log normal distribution,
e The predicted total number of species in the community,
® The observed number of species,

e The species beyond the veil line, in other words the species number missing
from the sample,

e Lambda, the diversity statistic (the estimated species number divided by the
standard deviation).

e The observed and expected observations are calculated. If the value of p is <
0.05 then the distributions are significantly different at the 5% level. The

goodness of fit results is tested.

(d) Broken stick

The broken stick model is calculated using the formula:

S(n){s (8- %](u_%)s-z

Where S(n) is the number of species in the abundance class of species with n

individuals. The output is displayed. The observed and expected abundances of the
species are displayed. These are arranged in abundance classes and the upper
column gives the upper bound of each class. A plot of the observed and expected
frequency distributions arranged by class is computed using Pisces Conservation SDR
version 4 (Seaby and Henderson 2006). The observed are plotted as a histogram and
the expected as a green line. The results of a Chi-Squared test of the observed and
expected observations are computed. If the value of p is < 0.05 then the distributions

are significantly different at the 5% level. The goodness of fit results is tested.

This is also an indication of evenness and dominance in the plant community

sampled. Dominance progresses from the highest to the least in the Geometric SAD to

( o )
1 %8 )
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the Broken stick in that order and is the exact reverse with regard to evenness The
Log series and the Log normal SAD (species abundance distribution) are purely
statistical models which tests the data by fitting frequency distribution of species vs.
abundance in the former and on a log scale on the x- axis in the latter (Marquet et
al.2003, McGill 2007). The geometric and the broken stick SAD fnodels are based on
niche partitioning (McGill 2007). These models use RA plots with abundance on log
scale on Y-axis. Fitness to geometric distribution is found in early succession,
degraded ecosystems and harsh ecosystems. On the other hand Broken stick
distribution is best fit in narrowly defined communities with taxonomically related
organisms. In these communities S (Total number of species) is an adequate measure
of diversity. It indicates a biologically uniform distribution or equitable species
abundance. Dominance/ diversity models also summarize the structure of a
community, allow ecologists to search for general patterns, irrespective of pre-
existing theory (Pielou 1975). The data was fitted to the SAD models using Pisces
Conservation SDR version 4 (Seaby and Henderson 2006) and the goodness of fit was
computed. It has been suggested that SHE analysis is one of the best ways of deciding

if a log series log normal or broken stick model gives the best fit to the observed data.

3.2.6.6.5 Measurement of diversity

The diversity of the RP, OP and Forest areas were measured using a range of
diversity indexes. Both alpha diversity indexes and Evenness indexes were used
(Taylor 1978, Kempton 1979, Magurran 2004). All diversity indexes were computed
using Pisces conservation SDR version 4 (Seaby and Henderson 2006).The indexes

are as follows.




Chapter 3: Materials and Methods

3.2.6.6.5.1 Alpha diversity index
(i) Shannon-Wiener Index

The Shannon-Wiener (also incorrectly known as Shannon-Weaver) diversity index
for each sample is calculated. The function was originally devised to determine the

amount of information in a code or signal, and is defined as:

S,
H=-3% plog,p
ial

Where p; = the proportion of individuals in the ith species. Species Diversity

&Richness calculates the index using the natural logarithm.

In terms of species abundance:

1 3 \
H=lﬂgeN_—Z(Pi108ePi 2
N3

Where n; = the number of species with i individuals. The information measure is nits

for base e and bits per individual for base 2 logarithms.

According to Southwood and Henderson (2000) this diversity index is an
insensitive measure of the character of the S: N relationship and is dominated by the
abundant species”. The value of the Shannon-Wiener Index usually lays between1.5
and 3.5 for ecological data and rarely exceeds 4.0. (May 1975). To compare the
indices a randomization test for a significant difference in diversity between two

samples is be undertaken (Solow 1993, 1994).
(ii) Simpson's Index
A diversity index is proposed by Simpson (1949), to describe the probability

that a second individual drawn from a population should be of the same species as

iy
©
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the first. A similar type of index had a few years earlier been proposed by G. Yule.

The statistic, C (or Y) is given by:

Where, Sobsis the number of observations and, strictly,

7p2 _ N!':N!_I)
YN -1

but is usually approximated as:

2
a_ | M
=[]

Where N;is the number of individuals in the ith species and Nt the total individuals in

the sample. The index is:

1
5

_b__!

and the larger its value the greater the diversity

The statistic 1 - C gives a measure of the probability of the next encounter (by
the collector) being with another species (Hurlbert 1971). May (1975) show that this
index is strongly influenced for values of Sess > 10 by the underlying distribution. As
Magurran (2004) states "Simpson's Index is heavily weighted towards the most
abundant species in the sample, while being less sensitive to species richness."
However Magurran (2004) also states "The Simpson index is one of the most
meaningful and robust diversity measures available. In essence it captures the

variance of the species abundance distribution. To compare the indices a
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randomization test for a significant difference in diversity between two samples is be

undertaken (Solow 1993).

(iii) Margalef D
It is calculated as the species number (S) minus 1 divided by the logarithm of

the total number of individuals (N).

Hol8-1
In

R

To compare the indices a randomization test for a significant difference in

diversity between two samples is be undertaken (Solow 1993).
(iv) Berger-Parker Dominance

A simple index that was considered by May (1975) to be one of the best. It is

simple measure of the numerical importance of the most abundant species.
d= Nmax/ N

Where Nmax is the number of individuals in the most abundant species and N is the
total number of individuals in the sample. The reciprocal of the index, 1/d, is often
used, so that an increase in the value of the index accompanies an increase in
diversity and a reduction in dominance. We plot the dominance index d. To compare
the indices a randomization test for a significant difference in diversity between two

samples is be undertaken (Solow 1993).

(v) McIntosh D
Proposed by Mclntosh (1967) as:

N-U

N-JN

D=
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Where N is the total number of individuals in the sample and U is given by the

expression:

Where n; is the number of individuals in the ith species and the summation is
undertaken over all the species. U is the Euclidean distance of the community from
the origin when plotted in an S-dimensional hyper volume. To compare the indices a
randomization test for a significant difference in diversity between two samples is be

undertaken (Solow 1993).
(vi) Brillouin D

The Brillouin index, HB, is calculated using:

In M-Sl

HB=— 1
N

Where N is the total number of individuals in the sample, ni is the number of
individuals belonging to the ith species and S the species number. The Brillouin index
measures the diversity of a collection, as opposed to the Shannon index which
measures a sample. Pielou (1975) recommends this index in all situations where a
collection is made, sampling was non-random or the full composition of the
community is known. The value obtained rarely exceeds 4.5 and both the Brillouin
and Shannon Indices tend to give similar comparative measures. To compare the
indices a randomization test for a significant difference in diversity between two

samples is be undertaken (Solow 1993).
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(vii) Fisher's alpha

This is a parametric index of diversity that assumes that the abundance of

species follows the log series distribution:

Where each term gives the number of species predicted to have 1,2,3,...n individuals
in the sample. The index is the alpha parameter. A number of authors argue strongly
in favour of this index (Kempton, and Taylor 1976). To compare the indices a
randomization test for a significant difference in diversity between two samples is be

undertaken (Solow 1993).
(viii ) Q statistic
This infrequently-used diversity measure was proposed by Kempton and

Taylor (1976). It measures the interquartile slope of the cumulative abundance curve

and is estimated by:

221
Shgt Yt 5a
- R+l

log(R%/4))

where n; = the total number of species with abundance R;

S = the total number of species in the sample;
R1 and R2 the 25% and 75% quartiles of the cumulative species curve;
ng: = the number of individuals in the class where R1 falls;

nge = the number of individuals in the class where R2 falls.
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To compare the indices a randomization test for a significant difference in diversity

between two samples is be undertaken (Solow 1993).

(ix) Menhinick Index

Menhinick's index, Dmn (Whittaker 1977), is calculated using:

Dz =—S—

N

where N is the total number of individuals in the sample and S the species number.
To compare the indices a randomization test for a significant difference in diversity

between two samples is be undertaken (Solow 1993).

(x) Strong's Index

Strong's dominance index, Dy (Strong 2002) is calculated using:

o)

Where b; is the sequential cumulative totaling of the it species abundance values

ranked from largest to smallest;
Q is the total number of individuals in the sample;
R is the number of species in the sample and max;is the largest calculated ith values

To compare the indices a randomization test for a significant difference in diversity

between two samples is be undertaken (Solow 1993).
3.2.6.6.5.2 Evenness index

Equitability or evenness refers to the pattern of distribution of the individuals

between the species. The following evenness indices were computed.

i,
)
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(i) Pielou ] (All samples)

This measure of equitability compares the observed Shannon-Wiener index
against the distribution of individuals between the observed species which would
maximize diversity. If H is the observed Shannon-Wiener index, the maximum value
this could take is log(S), where S is the total number of species in the habitat.

Therefore the index is:

] = H/log(8S).

(ii) McIntosh E
This is an equitability measure based on the McIntosh dominance index.

Mclntosh E is defined as (Pielou 1975):

De N-U

N-N
5

Where N is the total number of individuals in the sample and S is the total number of

species in the sample.
(iii) Brillouin E

Evenness (E) for the Brillouin diversity index (HB) is calculated using:

HEB
B yux

B =

where HBwax is calculated as:

1 Wl
By = 510 (NS (NI 81+ DY

with [N/S] = the integer of N/S, and r =N - S[N/S]
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(iv) Heip

The Heip evenness measure (Heip 1974) is defined as:

where
H is the Shannon diversity index and
S is species number.

Heip (1974) developed this index to remove the dependence on S that earlier indices
possessed. This index remains constant when the numbers of all species is multiplied

by a constant.
(iii) Simpson's E
This index is based on Simpson's diversity index, D and is defined as:
/s
E — _D
S
where D is Simpson's diversity index and

S is the number of species.

Krebs (1989) noted that for continuous data or data with large numbers of records

the maximum value for Simpson's D is 1/S.

(iv) NHC
NHC is an abbreviation of Nee, Harvey and Cotgreave's evenness measure.
E=-2{marctan(d)

where b is the slope of the log abundance - rank curve fitted by linear regression.

This is also termed the slope of the dominance-diversity curve.
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(v) Camargo

The Camargo evenness index (Camargo 1993) is defined as:

-2 225]

where

pi is the proportion of species i in the sample;
pj is the proportion of species j in the sample and
S is the total number of species.

(vi) Smith & Wilson B

Smith and Wilson's evenness index B (Smith and Wilson 1996) is defined as:

2
s S lnn 2
59
marctan{ ! = S

where

n;is the number of individuals in species i;
n; is the number of individuals in species j and
S is the total species number.

This index is based on the variance in abundance. The variance is calculated

using log abundances which mean the index examines proportional differences
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between species. The variance obtained is multiplied by the factor -2/pi arctan() to
give an index with the range 0 to 1 with 0 representing minimum evenness.

(vii) Smith & Wilson 1-D

Smith and Wilson's evenness index 1-D (Smith and Wilson 1996) is defined as:

where

D is Simpson's diversity index and
S is the total number of species.

(viii) Smith & Wilson -InD

Smith and Wilson's evenness index 1/D (Smith and Wilson 1996) is defined as:

g2
In§

where
D is Simpson's diversity index and
S is the total number of species.

(ix) Shannon maximum
This is simply the maximum value the Shannon-Wiener index could produce

for the given data set and is given by In(S), where S is the total number of species.

(x) Shannon minimum
This is simply the minimum value the Shannon-Wiener index could produce

for the given data set and is given by
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Igmin =1n(N)_[(N—S+1)1n(N-S+%]

where

N is the total number of individuals in the sample and
S is the total number of species.

(xi)Gini

The Gini coefficient is defined as (Gini 1912):

£ §1 (S+1-1)x, |- =
mS2\ 5 ) s
Where

S is the number of species in the sample

xiis the abundance of the ith species ranked from least to most abundant, i=1to S and

m is the mean abundance of a species - the mean of the x;values.

The Gini coefficient is a measure of inequality developed by the Italian
statistician Corrado Gini and published in his 1912 paper "Variabilita e mutabilita". It
is usually used to measure income inequality, but can be used to measure any form of
uneven distribution. The Gini coefficient is a number between 0 and 1, where 0
corresponds with perfect inequality and 1, corresponds with perfect equality (where
each species has the same abundance). If every species has the same abundance then
the species rank curve would be a straight line at 45 degrees. Because of inequalities
in abundance the actual curve lies below this line. The Gini coefficient is ratio of the
areas below these curves. These indices were bootstrapped for 95 % confidence limit

and the Jackknife standard error was calculated for each index.

Species diversity incorporates both richness (measured as number of

species) and evenness (measured as relative abundance of species). It is thus a
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function of the number of species and the evenness of the distribution of species
abundance (Magurran 1988, Purvis and Hector 2000). No single diversity index can
fully capture the complex patterns in species richness and relative abundances
(evenness) inherent in natural systems (Hulbert 1971, Peet 1974, De Jong 1975).
Little consensus has been reached as to how diversity should be measured and
interpreted. Wide ranges of analytical techniques are commonly used (Peet 1975,
Magurran 1988 and Smith and Wilson 1996). Measurement of diversity is also
strongly influenced by spatial and temporal scales i.e. sampling frequency and

sampling intensity (Small and Mc Carthy 2002).

(c) Randomizations
After a diversity index method has been run, a randomization test for a
significant difference in diversity between two samples is undertaken. The method

used is described by Solow (1993, 1994). The following procedure is followed

1.  The diversity of each of the samples is calculated and the difference between

these indices (delta) calculated.

2. The two samples to be tested for a significant difference in their index are added

together to form a single joint sample.

3. The individuals in this joint sample are then randomly assigned to two samples

each of which has the same number of individuals as the actual two samples.

4.  The diversity index for each of these generated samples is then calculated and

the difference between these indices (delta) is stored.
5. 10,000 random assignments and calculation of delta are undertaken.

6.  The observed value of delta is compared against the observed distribution of

delta values generated at random to determine if the observed value for the
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difference between the indices of the two samples could have been generated by

random chance.

7.  If the observed value of delta is greater than that observed from 95% of the
randomisations then a one-tailed test will find sample 1 to be significantly more

diverse than sample 2.

8.  If the absolute magnitude of the difference is greater than 95% of the absolute
differences of the index generated at random then there is a significant

difference between the indices.

3.2.6.6.5.3 Diversity ordering methods

Diversity indices weight species richness by relative abundance and allow
comparisons of areas. Different diversity indices may differ in the ranking they give
to communities (Hurlbert 1971, Téthmérész 1995). Such inconsistencies are an
inevitable result of summarizing both relative abundance and species number using a
single number (Patil and Taillie 1979). When comparing the diversity of samples it is
important to consider if the relative diversity changes with the diversity index used.
If it does, then it is clear that any arguments based on relative magnitude of the index
might not be robust. A single diversity index is not a good indicator that one
community is more diverse than the other, since it can only be richer, or only be

more even than another community.

To compare the entire diversity of communities, diversity-ordering methods
have been developed. Diversity profiles offer a solution to this problem by identifying
those communities that are consistent in their relative diversity. This requires the
use of a diversity index family, of which there are a number to choose from

(Téthmérész 1995). Diversity ordering allows the relative magnitude across a range
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of indices to be compared. A range of diversity indices within a family shows varying
sensitivity to rare and abundant species. These profiles display graphically, a family
of diversity indices obtained by changing the scale parameter a. Diversity ordering
results in a line for every sample. Two diversity-ordering methods have been used.

The methodology used is as described below.

(i) The Rényi's family (Rényi, 1961 & Hill 1973)

This is a one-parametric diversity index family, which offers a scale-
dependent characterization of the diversity. It is portrayed graphically by plotting
diversities against a (scale) parameter. This curve is the diversity profile of the
assemblage (Patil and Taillie 1979). Members of a one-parametric diversity index
family have varying sensitivities to the rare and abundant species as the scale
parameter changes. Té6thméréz 1995 showed that the Rényi profile is one of the most
useful diversity ordering techniques. It is based on the concept of entropy. Rényi

diversity index family has been recommended for a large set data. Here

[log ip? ]
H _ jml

o (1-i

where o is the order (o = 0, o # 0), pi the proportional abundance of the ith species

and log the logarithm to a base of choice - often e.

Hill (1973) used an almost identical index N which is related to Hqby the equality

H, =log{V,)

When substituting 0, 1 or 2 for scale parameter a, Ha will be directly related to the
species number (i.e. the log of the species number), Shannon entropy and Simpson’s
dominance index respectively (Hill 1973). Thus for a near 0, richness will have more

effect on H.. But for larger values of the scale parameter species evenness has more
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effect. For scale parameters, which increase from 1 to 4 the influence of rare species,
will be gradually replaced by the influence of dominant species. One community is
more diverse than the other if its’ diversity profile is equal to or above that of
another, over the whole range of scale parameter. If the two profiles intersect at any
point the communities can be considered non- comparable (i.e. different diversity
indices would rank the communities differently). Evidently, the species richness is
extremely sensitive to the rare species: detecting even only one individual of a
species increases the number of species by 1. Just the opposite is the sensitivity of the
Berger-Parker index of dominance: its value depends only on the dominance (relative
frequency) of the most frequent species. These two traditional (classical) diversity
indices are the starting and the end point of the scales of the Rényi diversity index

family (Téthmérész 1995, Southwood and Henderson 2000).

(ii) Right tailed sum (Liu et al 2007)

The proportion of the total community made up of each species is arranged in
descending order of abundance. Given a total of S species and a proportion of each
species given by pj, then I is calculated as a coordinate pair where ’i’ is the number of

species which are excluded from the summation, termed the order:

Therefore in a sample where many species have a similar abundance, the plot will
descend slowly with increasing number of species, whereas in a sample heavily
dominated by large numbers of just a few species, the plot will drop away steeply as

species number increases.

f
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3.2.6.6.6. SHE analysis

The data was examined using SHE analysis (SHE: S = richness,
H= H’diversity, E= evenness; Buzas and Hayek (1996) and Hayek and Buzas 1997).
SHE analysis is a recently developed technique for diversity assessment that allows
independent yet simultaneous evaluation of the relative contribution of richness and

evenness to community diversity across sampling scales.

Critical to the analysis of diversity in rubber plantations is the understanding
of S (species richness), H'(information measures as DI) and E (evenness). The
separation of species richness and evenness as distinct components within the same
system and the disassociation of diversity with sample size have been two intractable
problems associated in biodiversity analysis. This is because H’ may not vary at all
even in the face of increasing species richness and in the other case H’can increase
while E remains constant. An amazingly simple solution for this has been recently
been derived (Buzas and Hayek (1996) and Hayek and Buzas 1997). Understory
diversity patterns were assessed using observed richness (S; the number of species
per sample), Shannon- Wiener diversity (H =-2 p,in p,, where p,is the

proportion of individuals of the ith species; Shannon and Weaver 1963}, evenness

(E =eHXS. ); the proportional abundance of species in each sample (Buzas and
Gibson 1969).

In SHE analysis, the relative contribution of richness and evenness to
H'diversity is partitioned using the decomposition formula H’ = In(S)+ In(E).
The equation is incisive, because for the first time, there is a direct decomposition

of H'. Here H’ is not used as a diversity measure per se, but rather as a vehicle to

the decomposition of S and E. The SHE analysis decomposition equation is derived

{
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from the following conditions: (1) Maximum H’ diversity occurs when all species are

equally distributed (H_ =In(S)) and (2) E is related to H’ by the equation
E =e%. Thus the SHE decomposition formula, H = In(S)+in(E) indicates that

H’ diversity equals its maximum value, In(S) less the amount of unevenness In(E)
(Subtracted because evenness is <1 and In(E) will be < 0). In this way SHE analysis
partitions H’diversity into richness and evenness components and allows

independent evaluation of their contribution to H”.

Using SHE analysis In(S), In(E) and H’were calculated cumulatively, with the
addition of each sample. Results were examined graphically to evaluate relationship
among diversity measures in the sampled areas. SHE analysis is also used to infer the
species abundance distribution best representing each sample community, based on
Hayek and Buzas in 1997and 1998. Species abundance distributions are statistical
distributions that model the relative abundances of species in a community. These
distributions are often used to describe the pattern of community organization or
resource partitioning. Hayek and Buzas (1997, 1998) found that the broken stick
distribution (Mac Arthur 1957) was distinguished by a constant In (E) across
samples, the log series (Fisher et. al 1943) by constant H’across the range of
samples and log normal distribution (Preston 1948) by a constant ratio of In(E)/

In(S) (Hayek and Buzas 1997).

3.2.7 Community analysis
3.2.7.1 Similarity measures

Two measures of similarities were used to test for similarit'ies between and
within the groups RP, OP and Forest. All similarity measures were undertaken using

Community analysis package version 4.0 (Henderson and Seaby 2007).

1
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(a) Analysis of similarity (ANOSIM)

This test was developed by Clark (1988, 1993) as a test of the significance of
the groups that had been defined a priori. The idea is simple, if the assigned groups
are meaningful, samples within groups should be more similar in composition than
samples from different groups. The method uses the Bray-Curtis measure of
similarity. The null hypothesis is therefore that there are no differences between the

members of the various groups.

Clark (1988, 1993) proposed the following statistic to measure the
differences between the groups:
R= s Ty

n(n-11/4

Where,
7B, iV are the mean of the ranked similarity BETWEEN groups and WITHIN groups
respectively and n is the total number of samples (objects). R scales from +1 to -1. +1
indicates that all the most similar samples are within the same groups. R = 0 occurs if
the high and low similarities are perfectly mixed and bear no relationship to the group.

Avalue of -1 indicates that the most similar samples are all outside of the groups.

To test for significance the ranked similarity within and between groups is
compared with the similarity that would be generated by random chance. Essentially
the samples are randomly assigned to groups 1000 times and R calculated for each
permutation. The observed value of R is then compared against the random
distribution to determine if it is significantly different from that which could occur at
random. If the value of R is significant, you can conclude that there is evidence that the

samples within groups are more similar than would be expected by random chance.
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(b) Similarity Percentages (SIMPER)

This analysis breaks down the contribution of each species (or other
variable) to the observed similarity (or dissimilarity) between samples. It will allow
you to identify the species that are most important in creating the observed pattern
of similarity. The method uses the Bray-Curtis measure of similarity, comparing in
turn, each sample in Group 1 with each sample in Group 2. The Bray-Curtis method
operates at the species level and therefore the mean similarity between Groups 1 & 2

can be obtained for each species.
3.2.7.2 Ordinations

Ordination primarily endeavors to represent sample and species relationships
as faithfully as possible in a low-dimensional space (Gauch 1982). The objective of the
ordination is to help generate hypotheses about the relationship between the species
composition at a site and the underlying environmental gradients (Digby and Kempton
1987). Various Ordination plots were plotted to explore the vegetation structure of the
three sites and their sub samples. Ordination has a number of multivariate techniques
which adapt a multi dimensional swarm of data points in such a way that when it is
projected into a 2 or 3 dimensional space. Any intrinsic pattern that the data may
possess becomes apparent for visual inspection (Pielou 1984). It summarizes
community data such as species abundance by producing a low dimensional space in
which similar species and samples are plotted close together, and dissimilar species
and samples are places far apart. All ordinations were undertaken using Community

analysis package version 4.0 (Hencierson and Seaby 2007).
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(a) Principal Components Analysis - PCA

Principal component analysis (PCA) is one of the most frequently used
ordination techniques in community ecology (Legendre and Legendre 1998, Digby and
Kempton 1987, Kent and Coker 1992). When this analysis is undertaken on the
variance-covariance matrix, it will reflect differences in abundance (Community
analysis package version 4.0, Henderson and Seaby 2007). PCA will present major
features of a complex community in only 2 or 3 dimensions and the ordination of
samples (sites) along these new axes can be related to underlying environmental

factors that are molding community structure.

PCA is a technique that may summarize the relationship between the samples
in a small number of axes that can be plotted. For such a summarization to work, there
must be some degree of correlation between the descriptive variables so that the effect
of a number of these variables can be combined into a single axis (Digby and Kempton
1987, Kent and Coker 1992 and Legendre and Legendre 1983). PCA is undertaken on
the variance-covariance matrix between the descriptors (the variables in the rows)

using Community analysis package version 4.0.
(b) Non-Metric Multidimensional scaling

Multidimensional scaling (MDS) is a technique for expressing the similarities
between different objects in a small number of dimensions.This allows a complex set of
inter-relationships to be summarised in a simple figure. The method attempts to place
the most similar objects (samples) closest together. The starting point for the
calculations is a similarity or dissimilarity matrix between all the sites or quadrats.
These can be non-metric distance measures for which the relationships between the

sites/objects/samples (columns) cannot be plotted in a Euclidean space. The aim of
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non-metric MDS is to find a set of metric coordinates for the sites which most closely

approximates their non-metric distances. The basic MDS algorithm is as follows:

1.

Calculate the similarity or dissimilarity between sites.

Assign to each site a set of coordinates in p-dimensional space. These
coordinates can be either chosen at random or chosen using Principal

Coordinates Analysis. The value of p is chosen by the user.

Compute the Euclidean distance between these sites using the starting

coordinates.

Compare the original dissimilarity between the sites with these Euclidean
distances by calculating a stress function. The smaller the stress function the

closer the correspondence.
Adjust the positions such as to reduce the stress.

Repeat 2 to 4 until the stress is minimized or the maximum number of

iterations is reached.

The Kruskals's least squares monotonic transformationhas been used to

minimise the stress (Kruskal 1964, Kruskal and Wish 1977).

3.2.8 Allelopathy

Water soluble phenolics have been preferred as primary allelochemicals

because of their relatively easy identification and ready availability (Inderjit and

Dakshini 1990, 1992, Alsaadawi et al. 1985).
3.2.8.1 Bioassay

Aqueous leachate was prepared by soaking freshly fallen dried leaves of

Hevea brasiliensis (10gm/100ml) in sterile distilled water for 12 hours. This leachate
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was filtered through Whatman paper No. 1. To prevent contamination sterilized glass
wares were used. Two layers of Whatmann filter paper were places in each sterilized
Petri dish (60mm). Aqueous leachate was diluted to different dilutions viz. 10%, 5%,

2.5% and 1.25%.

Bioassays were performed under sterile conditions in a. Rice seeds Oryza
sativa var.uma were germinated in Petri dishes (60 mm) containing 20m! of aqueous
leachate of different dilutions prepared. For controls, Rice seeds were germinated in
20 ml of pure distilled water in a similar petri dish. Observations were made after 24
hours for 5 days. On the 5t day the length the plumule and radicle was measured

using a millimeter scale and noted.

3.2.8.2 Viability tests

Seeds collected from the selected plants plant species found as undergrowth
in the plantations were tested for viability. This was done by collecting the seeds and
placing them in 60 mm Petri dishes with 20 ml distilled water. The seeds are
observed at 24-hour interval and the number of seeds germinated is noted. The
water was replenished in 5 ml volumes as per requirement. This experimental set up

was kept for 20 days.
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Results

4.1 Sampled Area

In total 144 herb quadrats (of the size 0.25 m?), 62 undershrub quadrats (of th:

size 9.0m?) and 3 tree quadrats (of the size 10000 m2 each) were sampled. A total of 54.¢

m?2 of herbs, 4571 m?2 of undershrubs and 30000 m? area of trees were samplec

respectively (Table 4.1). Details of site characteristics and disturbance levels in the fiv:

sites are tabulated in Table 4.2.

Table 4.1 Description of the study sites and quadrat size in the Rubber plantations (RP)
Open areas (OP) and Forest areas for herb quadrats (HQ), undershrub (UQ
and tree quadrats (TQ).

R_P (0)4 Forest
Sno| Site sampled HQ uQ HQ uQ HQ uQ TQ
(0.25m?) | (9sq.m?) | (0.25m?) | (9sq.m?) | (0.25m?) [ {9sg.m?) | (10000m?

1 | Neezhoor 16 16 6 6 0 0 0
2 | Puthupally 20 20 8 8 0 0 0
3 | Pampadi 14 14 3 3 0 0 0
4 | Chetheckal 16 16 3 3 3 3 1
5 | Mundakayam 15 15 3 3 12 18 1
6 | Thenmala 11 11 4 4 10 14 1

Total no. of
7 |Quadrats 92 92 27 27 25 35 3

sampled in the

three districts
g | Totalarea 23 828 6.75 243 25 3500 | 30000

sampled in Sq. m

Total area

sampled in 0.0023 | 0.082 |0.00067 | 0.024 | 0.0025 0.35 3

Hectares

Total area of

each type of area 3754.2 ) )

sampled in

hectares

{ 1
| 112 J
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4.2 Qualitative assessment
4.2.1 Floristic Survey

The floristic survey revealed a total number of 517 angiosperms,
1 gymnosperm and 21 pteridophytes in these areas. A detailed list of the plant

species and the site from which it was sampled is given in Table 4.3 (Appendix).

The detailed qualitative floristic surveys of the sampled sites of the Rubber
plantation areas (RP), Forest areas and the Open areas (OP) of Kottayam, Kollam and
Pathanamthitta district, are given in Table 4.5 , 4.6 and 4.7(appendix). Taxonomic
details of the plant species observed in these surveys are tabulate (Table 4.5, and 4.7 |
appendix). The tables also show the preferred habitat of the plant species identified,

as compiled in the Biodiversity documentation of Kerala flora (Sasidharan 2004).

Table 4.4 Qualitative floristic composition of the sampled sites of the Rubber
plantations, Open areas and Forest areas.

No. of No. of No. of No. of No of No. of

§.No.\ Sampled site families | genera | species | Angiosperms | Gymnosperms | Pteridophytes

Rubber

1 . 96 286 420 400 1 19
Plantations

2 Openareas 44 98 115 110 1 4

3 |Forests 75 153 187 175 1 11

Qualitative Floristic surveys made in the rubber plantations sites, in the three
districts reveals that there are 420 species, which belong to 96 families and 286 genera
Table 4.4 and 4.5 (appendix). The survey reveals the presence of 400 Angiosperms, 19
Pteridophytes and 1 Gymnosperm. The survey of the Open areas show the presence of
115 species belonging to 44 families and 98 genera (Table 4.4, 4.6 (appendix)). There are
110 angiosperms, 1 Gymnosperm and 4 Pteridophytes in the OP areas. The Forests
sampling sites show the presence of 187 species. They belong to 75 families and 153

genera (Table 4.4, 4.7 (appendix)). There are 175 angiosperms, 1 Gymnosperm and 11

( |
11 |



Pteridophytes in the Forest sampling sites. A larger number of species were found in the

RP areas as compared to the OPand Forestareas (Figure 4.1).

Figure 4.1 Qualitative floristic composition of the sampled sites of the Rubber
plantations, Open areas and Forest areas.

Rubber Plantations
Open areas

Forests

ip

Each of these sanpled sites is considered, a sulxset, within each category of the
larger set (RP, OP and Forest area]. The subsets are Neezhoor, Puthupally, Panpadi,
Mundakaym, Chetheckal and Thenmala. A large number of plant species were observed

in the qualitative survey of each sampled site (Table 4.8 and Figure 4.2).

Table 4.8 Number of species found in the qualitative floristic composition of the
subsets of Rubber plantations, Open areas and Forest areas.

Sub samples
Area
Neezhoor Puthupally Pampadi Chetheckal Mundakayam Thenmala
E;‘bbel 179 156 139 180 134 63
Ar:peeasl ' 49 40 48 32 30 11

Forests - - - 62 53 121



Figure 4.2 Number of species found in the qualitative fioristic compasition of the
subsets of Rubber plantations. Open areas and Forest areas.
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The highest numbers of plant species were observed in Chetheckal RP and
Neezhoor RP. A tatal of 180 species in Chetheckal and 179 species in Neezhoor were
observed in the qualitative fioristic assessment of these areas. Thenmala RP showed
the least number with 63 plant species. Comparatively lower number of species was
observed in all the OP areas. Neezhoor OP had the highest number of plant species
with 42 species and Thenmala OP had only 11 plant species. Among the Forest areas
sampled adjacent to the rubber plantations, the highest number was observed in

Thenmala Tropical forest with 121 plant species (Table 4.8 and Figure 4.2).

4.2.2 Relative diversity

There is a larger representation of species /family/ genera in the RP areas, than
in the Forest and Open areas [Figures 4.3, 4.4 and 4.5). The family having the highest
representation shows the highest Relative diversity index (RDI). The highest Relative
diversity index [RDI) of CP, RP and Forest areas are 13.0, 8.33 and 4.81 respectively
(Figures 4.3, 4.4 and 4.5). Inthe Forest areas the highest RDI are of the family Fabaceae

,Rubiaceae and Apocyanaceae [Figure 4.5/ The RP areas showed higher RDI of



Fabaceae, Eupborbiaceae and Poaceae (Figure 4.3). The RO in the Open areas showed

a higher representation of family Poaceae, Asteraceae and AcanChaceae (Figure 4.4).

Figure 4.3 Relative diversity index of the top ten families found in Rubber
plantations. The number of genera and species found in each family is

also shown.
1 1
Convolvulaceae
Lamiaceae
. Relative diversity of the
Commelinaceae Lo
family in the Rubber
Malvaceae plantation areas
t —
Acanthaceae No. of Species
Rubiaceae
Asteraceae
Poaceae _ No. of Genera
Euphorbiaceae
Fabaceae
10 20 30 40

Figure 4.4 Relative diversity index of the top ten families found in Open areas. The
number of genera and species found in each family is also shown.

Rubiaceae
Mimosaceae

Malvaceae

Fabaceae Relative diversity of the

family in the Open areas
Euphorbiaceae

No.of Speceis
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Asteraceae

Poaceae



Figure 4.5 Relative diversity index of the top ten families found in Forest area. The
number of genera and species found in each family is also shown.

Verbenaceae
Oleaceae

Moraceae

Asteraceae Relative diversity of the

family in the Forest areas
Euphorbiaceae

No. of Species
Poaceae P
Malvaceae
No. of Genera
Apocynaceae
Rubiaceae

Fabaceae

The ten families having the highest relative diversity forms 61% of the total
relative diversity in the OP areas whereas in the RP and Forest areas they represent
40%and 35% respectively. A large number of families represented by a single genera
and single species in the RP areas (Figure 4.6).

Figure 4.6 Percentage of families with relative diversity of >1 and percentage of
families with a relative diversity of <1 in the RP OP and Forest areas

Percentage of families
with a raltlve diversity >1

Percentage of families
with a raltive diversity <1

OoP RP Forest



4.2.3 Physiognomy

4.2.3.1 Habit

The qualitative floristic survey revealed the habit of the plants found in the

three types of sites (Table 4.9 and Figure 4.7).

Table 4.9 Number of species under different habit types in the three ecosystems.

Habittype Rubber plantation Openarea Forest

Herbs 191 63 53
Climbers 27 16 43
Shrubs 104 25 12
Trees 95 11 77
Epiphytes 3 1 2

umber of species under different habit types in the three ecosystems.

200
150
Rubber plantation
Open area
100
Forest
50 |

Herbs  Climbers Shrubs Trees Epiphytes

A large number of herbs, shrubs and trees (saplings) are present in the
rubber plantation areas. There are 221 herbs, 3 epiphytes, 104 shrubs and 95 trees

(saplings) found in the ground flora of rubber plantations. In the Open areas there



are 75 herbs, 1 epiphyte, 25 shrubs and 18 trees [saplings). In the Forest areas
surveyed 53 herbs, 2 epiphytes, 57 shrubs and 77 trees were observed in sampled

sites of Kottayam, Kollam and Pathanamithitta districts (Figure 4.7).

4.2.5.2 Vertical stratification and Growth forms

Qualitative floristic surveys revealed the major growth forms of the plants
found in the three types of areas (Figure 4.7). The rubber plantations show the
presence of herbs, shrubs, trees, climbers and very few epiphytes. The highest
number of herbs, shrubs and trees were found in rubber plantations. The number of
climbers and epiphytes were higher in the forests (Figure 4.7). There are 43 climbers
in the forest, 27 in Rubber plantations and 16 in the Open areas. The numbers of
epiphytes are low in all the three areas sampled (Table 4.9). The epiphytes in the
forests, were found on the branches of tall trees and has resulted in the non sampling
of the epiphytes.

Table 4.10 shows the vertical layering of the plant community viz. canopy,
understory, shrub layer and ground layer, found in each types of the area sampled.
Each major growth form shows a variety of minor forms, which is further, elaborated
(Table 4.11).

Table 4.10 The vertical stratification of the RP, OP and the Forest areas as shown by
the floristic survey of these areas in the Kottayam Kollam and
Pathanamthitta district G~ growth form

Rubber plantations Open areas Forest
Vertical stratification
GF No. of Sp. GF No. ofSp. GF No. ofSp.

Ground layer 17 214 8 70 13 64
Shrub layer 10 111 9 26 8 45
Understory layer 2 44 2 12 3 32
Canopy layer 3 51 2 6 3 45
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Table 4.11 Different growth forms and the numbers of species observed in each
growth form in the vertical stratification of the three ecosystems.

Vertical . No. of species
SNo stratification Growth forms pl:::;l:je;ns Openareas{ Forest

Creeping herbs 2 0 1
Erect herbs 27 9 5
Annual herb 114 42 29
Perennial herbs 2 1 1
Procumbent herb 1 0 0
Prostrate herb 9 3 1
Prostrate twining herbs 1 0 1
Rhizomatous herbs 6 0 2
Trailing herbs 2 1 1

1 Ground layer Tuberous herbs 1 1 0
Twining herbs 1 0 0
Woody herbs 1 0 2
Terrestrial herb 18 4 7
Lithophytic herb 0 0 1
Aquatic herb 1 0 0
Epiphyte 3 1 2
Climbers 22 6 11
Slender twiner 3 2 0
Climbing shrub 25 4 12
Diffused sub shrub 1 0 0
Erect shrub 47 10 18
Rambling shrub 1 1 1
Scandent shrub 4 6

2 Shrub layer Scandent sub shrub 0 0
Small prickly shrub 1 0
Sub shrub 18 5 5
Twining shrub 2 0 1
Woody climber 1 2
Small tree 43 11 31

3 |Understory layer | Small palm 1 1 1
Climbing Palm 0 1
Very large tree 1 0

4 Canopy layer |Large tree 20 2 21
Medium tree 30 4 22

The number of minor growth forms which constitute each vertical layer, was
found to be higher in the rubber plantations and the forests when compared to the Open

areas. The total number of species in the ground and shrub layers is higher in the Rubber

121 }
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areas. The total number of species in the ground and shrub layers is higher in the Rubber
plantations as compared to the Open areas and the Forests (Figure 4.8). The number of
species and growth form in their canopy and understory layer are high in both the Forest
and Rubber plantation areas (saplings found in RP areas are considered as mature trees).

Figure 4.8 - The number of the growth formand the number of species within each of the
growth formrs in the Rubber plantations, open areas and the Forest areas
sanpled in Kottayam, Kollamand Pathanamthitta district G—growth form

Canopy layer
Understory layer
Shrub layer

Ground layer

10 15 20

4.2.3.3 Life form spectrum

The life form spectrum of the RP, GP and Forest areas sanpled in the three
districts are depicted in Figures 4.9, 4.10 and 4.11 respectively. This has been compared
to the Raunkiaer's Normal biological spectrum (NBS) of the world's phanerogamic flora
of the Tropical rain forests (Figure 4.12).The rubber plantations show a deviation from
the NBS of the tropical rain forests due to the high numbers of Phanerophytes and
Therophytes In them This deviation from the NBS of Tropical rain forest mekes them
nmore similar to the Raunkiaer's NBS of the Desert, where these life fonms are abundant
(Figure 4.13). The life form spectra of the forests sampled showed a deviation from the
NBS of the Tropical rain forests, due to the relatively higher incidence of therophytes in
them (Figure 4.11 ). The large representation of phanerogamic and Therophytic flora in
the Rubber plantations is an indication of the succession trend of these plant

communities towards adrier habitat



Figure 4.9 -4.13 The life form spectrum of the RP areas and the OP as compared to
the Raunkiaer's NBS of the desert and the NBS of the world
phanerogamic flora.

Figure 4.9 Life spectrum of the ground flora of rubber
plantations
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Figure 4.10 Life spectrum of the ground flora of open
areas

iPt>4n«rophytc
ICK4m «ophyte
IH«micfVptophyt«$
ICryptophyt«$

ITh«rophyte$

% of life form

Figure 4.11 Life spectrum of the ground flora of the
sampled forest areas
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Figure 4.12 Raunkiaer's normal biological spectrum
(NBS)of adesert
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Figure 4.13 Raunkiaer's normal biological spectrum
(NBS)of a desert
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4,3 Medicinal plants
The medicinal plants found in the natural ground flora in RP, OP and Forest

area are compiled [Table 4.12, 4.13 and 4.14 appendix]. The RP areas have 160
medicinal plants belonging to 58 families. Seven medicinal plants in the RP areas are
endemic. They are Artocarpus hirsutus, Dalbergia horrida, Glochidion zeylanicum,
Myxopyrum smilacifolium, Naragamia alaCa, Piper nigrum, Strobilanthus ciliatum. Two
medicinal plants Naragamia alata, Piper nigrum are in the wulnerable category
(Nayar 1996). Qut of the 420 plant species observed in the RP areas 38.1 % are

medicinal plant species [Table 4.15 and Figure 4.14].



Table 4.15 Summary of the endemic and medicinal plants species in the three

ecosystems.
Open area Rubber plantation Forest
Total no. of medicinal plantspecies 43 160 91
Total no. of plantspecies 115 420 187
No. of endemic medicinal plants 0 7 6
% of plants that are medicinal 37 38.1 48.7

Figures 4.14 - 4.16 Percentage of the medicinal plants, endemic medicinal plants
and the endemic plants found in the RP, OP and Forest areas.

Figure 4.14 Proportion of medicinal and endemic
plants in Rubber plantations. The total number of
plant species (N)= 420

m % of plants that are
endemic

m Percentage of endemic
medicinal plants

m % of plants that are
medicinal

Figure 4.15 Proportion of medicinal and endemic
plants in the Open areas sampled. The total number
of plant species (N) = 115

i%of plants that are
endemic

IPercentage of endemic
medicinal plants

% of plants that are
medicinal



Figure 4.16 The proportion of medicinal and
endemic plants found in the Forest areas The total
number of plant species (N)= 187

% of plants that are
endemic

Percentage of endemic
medicinal plants

%of plants that are
medicinal

In the Forest area 91 medicinal plants belonging to 47 families were observed.
Qut of these six plant species were endemic medicinal plants. Qutof the 187 plant species
observed in the qualitative survey of the Forest area 48.7% are of medicinal value (Table
4.15, Figure 4.16). The endemic medicinal plant species in the forest area are, Artocarpus
hirsutus, Michelia nilagirica, Naragamia alata, Piper nigrum, Strobilanthus ciliaCus,
Tabernaemontana heyneana. There are 43 medicinal plants belonging to 23 families in
the OP areas surveyed. Qut of the 115 plant species observed in these areas, 37% were
medicinal plants. Endemic plants of medicinal value were not observed in these areas
(Table 4.15, Figure 4.15).

4.4 Endemism
Qut of the 420 plant species observed in the qualitative survey of the rubber

plantations 43 plant species (10.2%) were endemic according to the IUCN red data

book 2000 (Table 4.16 and Figure 4.14).
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Table 4.16 Summary of the conservation status of plant species present in the three
ecosystems viz. Rubber plantations (RP), Open areas (OP) and Forest

areas.

»
Z
e

*Conservation status (Endemic to...)

Plant species found in

RP

opP

Forests

Peninsular India

4

Central and Peninsular India

South India

Sri Lanka

South West India

R, |lw|m{o

South Western Ghats

Western ghats

Vulnerable ITUCN 2000

W |0 IN ||| W N

Low risk conservation dependent

oy
o

Rare

—
ot

Threatened

—
N

Endangered

—
w

Possibly Extinct

Rlr|lolw|lmr|v|IN|INvN]lololun|o

Total No. of endemic plants

Nni|icloclo|lC|lo|C|lO|Rr|O|lC|m|O|W

w
—

Total no. of species found in survey

115

187

% of endemism

4.4

16.6

*Conservation status as per JUCN red data book 2000

Endemic plants are naturally restricted in their distribution due to specific

habitat preferences. These plants belong to various categories of endemism and show

various extents of geographic restriction. Some of these endangered plant species are

categorized under levels of threats facing extinction by the IUCN red data book. A list of

endemic plant species found in RP, OP, and Forest areas and their conservation status are

provided in Tables 4.17, 4.18, and 4.19 respectively. In the Forest areas 31 plants are

endemic out of the 187 plant species (16.6%) observed in the qualitative survey (Table

4.16 and Figure 4.14). In the Open areas only 5 plant species (4.4%) were endemic out of

the 115 species found in the qualitative survey (Table 4.16 and Figure 4.15).

—{127‘




; <
=-e N —f
S S J— &S
Oo LUl — NX
EI A IN/ll ﬂ®
B N T -
Lo — - 0 X
@A . ny
EUl d K3
o
_.Wl 4c_ D L
- o i
10) QR N
P
< © I
uo J—
- 18
KW Slide — Np g
@A £<A —
wnloﬂbuc 0101 . NO lbnb —_—

UI

8.3 O Ov o W o o s CT






-— =0

O—m(—)g:@
C &
ag

11
Qf

o Fco Y &

&

— R R0

— XO

=y

g



nz g P=<o
o) 5 == SO

N NP —n

— NX GF —mA
o N LN Mp

>>

§ <

{ ]



B@un T

8- uvg
gL
,
>
Ias —
.|w£ —
)]
LA
B 5 T

I_u_ugc

Lo oo=
2 ¢ Q8






;B2 ns
mQA Qo

™Moy

()]
@)

9

Q«@«I « O i2
w o1 WU O)LU o)L

< 8n
M_\QX/_mEOV.JAmw
<
(@)Y
o
< En-
OLo_o
< 9 N
oNo F%
B rs
@3 o

Sy OAONMT O

SR &K fon wp <
OE X238
N8 Og
TN
38
Q 3
ouf N — O,
1
v,8
_.%
o)
83 Loy W«
L
o
—— (A O
m dlI
© 0T e
) Lood Pono B of o udgoIe



B8 non Bc aBump
a8 SWyRon. M oLLBLOD

3

&7 8 8B

00 %3 0 O
Wl 00w @ o
=31 QA W QY

o 2 QSR mwb
ol _od

EB®®5 MO ol

I_Hum

< A3

oS Cra
wiSx O3

!
c
@D

& <8o
(@] O/>®

@M/Pol>w

oy
< =Loll

Ko ool

O5l » Ao

~

48 OU 0w A3

8o =8 S 0@

o Aom_. EqV

@ 0 8 ——or
- olWen

9]

ws
Som-O

oB88ocL nabo{

BOLLIS w—m

ol
v 8

R8o wokio

L o

we o

A @
IG:P

Al

O I_AV?_NJ

— e D) o

CD

1—-}



O 0O ro
98 @ 0O A3
meoM,n_u

Q

1

O _8
< o3

4 o9

8
c 88 Qleug_.__w
o0 bLoC
—
o &
ab)
3008 O —mm—



4.5 Vegetation succession

A compilation of the number of species found with specific habitat

preferences is compiled in Table 4.20.

Table 4.20 Number of plant species of different types and its percentage in each

ecosystem.
No, of plant species / Percent of plant

General habitat preference ofthe species*

plant Plsrlxjtg?iec:ns Open areas Forests
Evergreen Forest 88 (19.8%) 18 (23.4%] 64 (23.8%)
Semi Evergreen Forest 99 (22.3%) 25 (32.5%) 67 (24.9%)
Deciduous forests 40 (9%) 9 (11.7%) 13 (4.8%)
Dry deciduous forest 44 (10%) 12 (15.6%) 26 (9.7%)
Moist deciduous forests 135 (30.3%) 40 (52%) 83 (30.9%)
Shola Forests 18 (4%) 4 (5.2%) 9 (3.4%)
Sacred Groves 21(4.7%) 4 (5.2%) 7 (2.6%)

The OP areas have a larger number of plants which naturally belong to the
deciduous habitat (Figure 4.18). The proportion of these species is the least in the
Tropical forests sampled (Figure 4.19). The RP habitat also supports a large number of
plants that are found in the Deciduous forests (Figure 4.17). A comparatively larger
number of Evergreen species are supported by the RP and Forest areas than by the CP
areas ( Figure 4.20). The proportion of Semi evergreen plant species appears to be
nearly the same in all the three areas. The RP and OP areas also have a snall
percentage of plants that are found in the sacred groves. Figure 4.20 shows that in the
CP areas there is a larger percentage of plants belonging to the decidous type of
habitat The RP areas show an increasing percentage of plants belonging to the

deciduous type of habitat indicating a changing trend.



Figure 4.17 Percentage of the plants with habitat
preferences in the vegetation composition of the RP
areas

Evergreen Forest
Semi Evergreen Forest
Deciduous forests
Shola Forests

Sacred Groves

Figure 4.18 Percentage of the plants with habitat
preferences in the vegetation composition of the OP
areas

m Evergreen Forest

m Semi Evergreen Forest
m Deciduous forests

m Shola Forests

m Sacred Groves

Figure 4.19 Percentage of the plants with habitat
prefereces in the vegetation composition of the Forest
areas

m Evergreen Forest

m Semi Evergreen Forest
m Deciduous forests

m Shola Forests

m Sacred Groves



Figure 4.20 Percentage of plant species with different types of habitat preference in

each ecosystem.
Evergreen Forest
Semi Evergreen Forest
Decidous forests
Shola Forests
Sacred Groves
Rubber Open areas Forest areas
Plantation

areas

A non parametric equivalent of the paired-sample t-test known as the Wilcoxon
test or the Signed-Rank test (QED version 1.1 2007} was used to compare the three
samples. The RP areas were not significantly different from the Forest areas (t =
0.169031, P = >0.05) and the OP area (t = 2.36643, P = >0.05). The OP areas were
significantly different from the Forest areas (t =2.1974, P=<0.05). The results show that
the RP areas have a vegetation composition which overlaps with the vegetation
compoasition of the Forest and COP areas with respect to the habitat preferences of the
individual species. The vegetation structure of the Forest areas shows a species
composition which has a higher proportion of plant species that are naturally found in
the Evergreen and Semi evergreen forests. The CP areas show signs of a succession
change to dry deciduous whereas RP areas show a species composition with a preference
to Moist deciduous species and can be considered the intermediate stage in succession

between the Forest and the Open aress.
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4.6 Quantitative assessment

4.6.1 Dispersion

The dispersion pattern of the plant species sampled in the Rubber
plantations, Open areas and the Forests in the three districts using the abundance
data was statistically analyzed using SDR version 4. ( Seaby and Henderson
2006).The results are e tabulated in Table 4.21( appendix). A total of 322 plant
species were observed in the samples taken in these three types of areas. The
tabulation shows the dispersion pattern (Random or aggregate) of these species in
the three areas.

Out of the 216 plant species observed in the samples of the RP areas, 147
plant species (68%) found in the rubber plantation areas show an aggregate
dispersion pattern and 69 species (31%) show a random dispersion pattern. In the
OP areas 115 plant species (71%) show an aggregate distribution while 45 species
(28%) show a random dispersion pattern. In the forests sampled 108 species (64%)
show an aggregate dispersion while 40 species (36%) show a random dispersion
(Figure 4.21). A higher aggregate dispersion pattern is observed in the OP and RP
areas. The forest areas show a comparatively lower aggregate and higher random

dispersion.

f 140
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Figure 4.21 Dispersion pattern of the plant species found in the RP, OP and Forest
areas

Forest

% of plants with random
dispersion

%of plants with
Aggregate dispersion

60 80

4.6.2 Relative abundance index

The abundance indices computed for each of the sampled site using SDR
version 4. [Seaby and Henderson 2006) is presented in Figure 4.22. The results are
described below.

Figure 4.22 The all sample index showing the number of species found in the
individual of the sampled sites (sub sarmples.)

120 iPulhupallyOP
1 Neezhoor RP

1 Neezhoor OP

100
1 Pampadi RP
IPampadiOP

80 1Mundakayam RP
1Mundakayam OP

60 IMundakayam Forest
iChetheckalRP

40 iChetheckalOP
IChetheckalForest

20 . 1Thenmala RP

iPuthupallyRP
IThenmala OP

All sample species index Thenmaia Forest



4.6.2.1 Species number index

The species number index of each sample and the all sample index of a
sampled site is computed using SDR version 4. (Seaby and Henderson 2006). A

graphical output for the RP, OP and Forest areas is given in Figures 4.23 - 4.26.

The species number index found in each sample ranged from 2 to 35 plant
species in the RP samplings (Figure 4.23), from 5 to 35 in the OP samplings (Figure
4.24) and the Forest samplings (Figure 4.25). The all sample index of the all the RP
areas is 216, and 160 and 168 for the OP and Forest areas respectively. The all
sample index of the three areas collectively is 309 (Figure 4.26).

Figure 4.23 -4.26  The all sample species index of each sampling of the sampled
areas in Rubber plantations, Open areas and the Forest areas.

Figure — 4.23> Rubber Plantation areas

Sample

Jaih/Tw-7U



36-

30-

Figure 4.24 - Open areas

Figure 4.25 —-Forest areas

Plot of Species Number- Forest areas

Number od species found in each sample of the forest areas in the three clistnrts

{ 1<)



Figure 4.26 Rubber plantations, Open areas and the Forest areas

Plot of Species Number- RP.OP and Forest , »

4.7 Plant diversity analysis protocol

A protocol for plant diversity analysis of the RP, OP and Forest areas was

followed. The following results were obtained.

4.7.1 Rank on abundance plot

Rank on abundance plots were constructed for the pooled sample and the
subsamples (Figures 4.27- 4.30 ). The RA plot of the pooled RP. OP and Forest sites is
shown in Figure 4.27. The slope of the RA plot (rank on abundance plot] of RP is steeper
than those of OP and Forest RA plots. This indicates that RP areas are less even,
compared to the Forest and OP areas. The RA plots of the RP areas indicate an
ecologically disturbed area, which has more of edge species and is simple in biodiversity
because of the presence and dominance of a few species, ecologically and numerically.
The RA plot of the RP areas also shows the presence of a very large number of rare

species (i.e. species that are found as singletons or doubles in the samples).



Figure 4.27-4.30 Rank on abundance plots of the sampled areas of sampled Rubber
plantation. Open areas and the Forest areas.
Figure 4.27

Rank Abundance plot of RP.OP and Forest areas of Kottayam,
Koltam and Patanamthitta districts

Zrp
—-0oP
Figure 4.28
Rank Abundance of the RP areas sampled In the districts of Kottayam,
Kollam and Patanamttiitta —RiEV
— NeezfiCX
— ivVjTcAavan
— Panpedi
— THerela

L0y SoesiesRank

Figure 4.29
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Figure 4.30

Rank Abundance of the weeded and unweeded RP areas

Weedd

4.7.2 Species accumulation as a measure of sampling effort

Species accumulation curves of the RP, OP and Forest areas sampled and

their subsets were computed using SDR version 4. [Seaby and Henderson 2006). The

results are given in Figure 4.31- 4.34.

Figure 4.31 -4.34 Species accumulation curves of the pooled samples of Rubber
plantations. Open areas and Forest areas with 10 randomizations.

Figure 4.31

Plot of Specics Acciimulntioii

Rubber plantation areas

Sample

{ U6}



Figure 4.32

Plot of Species Acciiniulatioii

Open areas- Kottayam district

Sample
Abti acciittmtailaliost

Figure 4.33

Forest areas

Sample
AhnuiOaitir— SiHvir.sarciinmt>atiOii

Figure 4.34 Species accumulation curves of the pooled samples of Rubber
plantations without randomizations.

PlotofSp*ct«s Accumulation of the Rubber plantatioti areas without ranckiiiuzation
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The species accumulation curves showed an asymptote at 92 samplings
with the acquisition of 216 species in the RP areas (Figure 4.31), with 35 samples
and the acquisition of 168 species in the Forest areas (Figure4.33) and with 27
samples and the acquisition of 160 species in the OP areas (Figure4.32). This
indicated a slow acquisition of species in the RP areas compared to the OP and the
Forest areas. The species accumulation curve, which shows the increase in the
plant species observed with sampling effort, summarized the completeness of the
sampling effort. As effort increases, gradually more and more of the species found
in the habitat were sampled, until eventually only the rarest species remain
unrecorded. When this occurred increased effort did not increase the recorded
species number. The species accumulation curve reached an asymptote. The
species accumulation curve indicated that the sampling has been of sufficient

intensity, to capture most of the species present.

4.7.3 Species richness estimation

4.7.3.1 Species richness estimation based on species accumulation curve

The species accumulation curve also called the Collectors curve or
Acquisition curve was plotted for each site with 10 randomizations (Figures 4.31
- 4.33§. The species accumulation curve without randomizations is shown in

(Figure 4.34).

The species accumulation curve of individual sites did not show clear
asymptotes hence more rubber plantation sites were included until a clear asymptote
was obtained. With 92 samplings needed to reach asymptotes in rubber plantations it
can be said that they were sampled more intensively and that there is a slow
acquisition of species. Figure 4.31 shows the species accumulation curve of the

pooled samples of Rubber plantations. The number of species at which the asymptote

( ]
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is reached is considered the Smax. This is also the number of species observed in the
quantitative samplings (S obs) as indicated by the species number index (Figure 4.23).
Sampling was abandoned at this stage. The S max of the rubber plantations fell short
with respect to the qualitative floristic survey (S we the number of plant species
found in the qualitative survey), which recorded a higher number of plant species

(420 species) in the rubber plantations (Table 4.4)

A similar pattern was followed for the Open areas and the Forests sampled. Both
the areas chosen were adjacent to or circumventing rubber plantations within a distance
of 200m. Being limited in size and accessibility the number of samples obtained in the
Open areas was limited. Clear asymptotes were not obtained even after pooling the data
in the case of Open areas and the Forest areas sampled. The S max (in this study the same
as S obs) for forest was 168 species and for Open areas 160 species. This was more than
the estimate of the qualitative survey (Swwe in this study) in the open areas and

approximately the number observed for the forest samples (Table 4.4).

The extrapolations of species accumulation based estimators viz. Henderson’s
plot, Pooled rarefaction, Sample interpolation and Heterogeneity of the pooled data of
RP, OP and Forest areas are presented are tabulated in Table 4.22 graphical presented in
Figures 4.35-4.39. The Smax ranges from 215.6 (Heterogeneity test) to 218 (Henderson's
plot) for the RP areas, from 156.3 (Heterogeneity test) to 160 (pooled rarefaction and
sample interpolation) for the OP areas and 168 for the Forest areas in all the
extrapolations (Table 4.22 and Figures 4.35-4.39). Thus the Spa value of all the three

areas are approximately the same as the S o values (Figures 4.23 - 4.25).

{ 140 }




Table 4.22 -Species richness estimates (S max)lbesed on species accumulation curves
for the Rubber plantation areas, Open areas and the Forest areas.[ Sp.
accum.-Species accumulated].

Species Rubber plantations Forest areas Open areas
accumulation
curve based Estimate Sp accum  Estimate Sp.accum  Estimete  Sp. acoum
estimator
Heterogeneity test 215.6 216.0 167.2 168.0 156.3 160.0
Pooled rarefaction 216 216.0 168 168.0 160 160.0
Henderson plot 218 216.0 167.4 168.0 159.9 160.0
Sanple interpolation 216 216.0 168 168.0 160 160.0

Figure 4.35-4.39  Species richness estimation based on the species accumulation
curve for the Rubber Plantation, Qpen areas and Forest areas (These
estimates are the Sawhich is approximately the same as the Sds+

Figure 4.35

Plot of Henderson

Sampled arau of Rub™«r pUni~tions

30 40 50 60
Sample

ion with 10 randcmizaiian



Figure 4.36

Plot ofRenderson

Open areas of Kottayam. Kollam end Pertanamthitta district

“sidemip-200$
M?. ofiampUifor 1/2 ip. max- 9.537
MigrantsampU- 0.4S12

3 45 6 7 8 9 1011 121314 1516 17 18192021 222324 252627
Sample
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Figure 4.37

Plot ofHeiidei'sou

Forest areas of Kottayam, Kollam and Patanamthitta district

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Sample

[*— Estimate = — Sp Accum |
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Figure 4.38

Plot ofHcterogeueity- Test

Op«n ar«as of Kottayam, Kollam and Patanamthitta district
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Figure 4.39

Plot ofHet«rogeueity Test

Forest areas of Kottayam, Kollam and Patanamthitta district

Sample
Species h*vuss esum<itions

4.7.3.2 Species richness estimation using non parametric estimators

The non-parametric estimators were used to extrapolate species richness for
the three types of areas are summarized in Table 4.23. The table summarizes the
extrapolation of the species richness estimates using the non- parametric estimators
and measures the sample coverage.

Table 4.23 Species richness estimates (S naq in the three sampled areas using non-
parametric species richness estimators and the sample coverage (SC).

Rubber

Non- parametric plantations Forestareas Open areas
estimator
Estimate SC (%} Estimate SC(%} Estimate SC (%)

Chao quantitative 236.2 91.4 185.4 90.6 166.8 95.9
Chao& Lee 1 217 99.5 170.9 98.3 161.3 99.2
Chao& Lee 2 217 99.5 170.9 98.3 161.3 99.2
1st order Jackknife 260.5 82.9 212.7 79.0 204.3 78.3
2nd order Jackknife 261 82.8 220.4 76.2 211.3 75.7
Bootstrap 239.8 90.1 191.3 87.8 183.5 87.2
Michelis M 242.5 89.1 229.5 73.2 217.7 73.5
Mean estimated

sample coverage %028 86.2 87.0



These estimators have extrapolated the value of Shaxas 2:7 (Table 4 .23,
Figures 4 .40-4.45) which is approximately same as of that of Sobs(216) Or S1ax of the
species accumulation curve of the quantitative samplings of rubber plantations (Table
4.22, Figures 4.31)., All species accumulation based extrapolations (Heterogeneity,
Pooled rarefaction, Hendersons and Sample interpolation] show estimates which range

from:z16 10218 iINRPareas (Tables.22 and FiguresS4.35-4.39 ).

Figure 4.40-4.45 Non+ parametric species richness estimations of the rubber
plantation areas of with 92 randomizations (The extrapolated S na
is the estimated number of species that can be found in the area].

Figure 4.40

Plot of Chao quantitative data richness estiinator
Sampled Ruboer plantations

Sample

Ap. 0fdcubles-27
_ No. ofsingUs- 33
BiJimatid speciei nuTnbe?- 236.2

Species nckness e"maiio Tiwith 92 randomi7.acns



Figure 4.41

Plot of Chao and Lee richness estimator no 1

Sampled areas o f Rubber plantations

Sample

Species nckness es"maHon
Figure 4.42

Plot of Chao and Lee richness estimator no 2

Sampled areas o f Rubber plantations

Sample

Species richness esbmaHcin with 92 randomization



Figure 4.43

Plot of 1s:Order Jackknife

Sampled areaj o f Rubber plantations

USD-7.24UDcubles-45
60.5USmgk>21D

10 20 30 40 50 60 70 80 90
Sample

Species richness esUmaiion with 92 randojnizaHons

Figure 4.44

Plot of Bootstrap

Sampled areas of Rubber plantations

Sample

Species richness esHmatia mtk 92 randomizatiafts



Figure 4.45

Plot of Michaelis-Menten estimation of total species richness

Sampled areas of Rubber plantatbns
in Kotta/am”"KoUam and Patanamthita district

Sample

Observed species number- 26
Estimated species number-2 56 6

Species nckn”ss esdnuitLon witk 92 mndoTr zatons

The non parametric species richness estimates of the RP areas shown in
Table 4.23 ranges from 217 (Chao& Leel and Chao& Lee 2) to 260.5 species (Ist
order Jackknife]. The non parametric estimate of Chao Lee I(ACE) is chosen as per
the Brose,Martinez and Willians 2003 protocol. S naxestimated byACE( Abundance
based coverage) is the same as the Sdsfor both the OGP and Forest areas (Figure 4.46-
452 and Figures 4.53-4.59). The values were 160 species and 168 species

respectively for the OP and Forest areas.



Figure 4.46 -4.52 Non- parametric species richness estimations of the Forest
areas with 35 randomizations [The extrapolated s max is the
estimated number of species that can be found in the area).

Figure 4.46

Plot of Chao quantitative data richness estimator
Forest areas of Kottayam, Kollain and Patanamthitta dlistrict

Sample

richness esfimafion

Figure 4.47

Plot ofChao and Leg richness estimator no 1
Forest areas of Kottayam, KolUm and Patanamtliitta district



Figure 4.48

Plot of Chao and Lee richness estimator no 2
Forest area™ of Kottayam, Kollamand Patanamthitta dlistrict

Sample

Species richness estimation

Figure 4.49

Plot of 1st Order Jackknife

Forest areas of Kotlayam, KoUam and Patanaznthitta district

Sample

Species richness estimation



Figure 4.50

Plot of 2nd Order Jackknife

Forest areas of Kottayam, KoUam arid Patanamthitta district

Sample

A6Cibs richness estimata
Figure 4.51

Plot ofBootstrap

Forest areas of Kottayam, KolUm and Patanamthitta district

Sample



Figure 4.52

Plot of Michaelis-Menten estimation of total species richness
Forest areas of Kottayam, KoUamand Patanamtinitta district

Sample

richness estimation

Figure 4.53-4.59  Non parametric species rickiness estimations of the Open areas
with 27 randomizations (The extrapolated S naxs the estimated
number of species that can be found in the areas].

Figure 4.53

Plot of Chao quantitative data richness estimator
Open areas of Kottayam, KoUaiti and Patanamthitta cistrict

Sample

Species richness estimaiion with 27 randomzations



Figure 4.54

Plot of Chao and Lee richness estimator no 1
Open aress of Kotta/axn, KolkxnandPataxiaintliittadiitrict

Sample

with 27 randcmizaiions
Figure 4.55

Plot of Chao and Lee richness estimator no 2
Open areas of Kotta/axn, Kolkm and Pataziamthiit” district

Sample
Speaes richness with 27 randomizations
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Figure 4.56

Plot of 1s¢ Order Jackknife

Open areas of Kottayam, Kollam and Patanamthitta district

Sample

Species rickness esHmaiicn with 27 randcmizaHoTis
Figure 4.57

Plot of 2nd Order s ackknife

Open ai<ess o f Kottayam, KoUam and Patanamthitta district

Sample
Species nckness eskTnaticn witk 27 rancbemiZQlion&



Figure 4.58

Plot ofBootstrap

Open areas of Kottayam, KoUam and Patanaxnthitta district

Sample

Spacias richness asfimation with 27 randomizations
Figure 4.59

Plot of Michaelis-Menten estimation of total species richness

Open areas of Kotta/axn, KoUam and Patanamthitta district

Sample

Spaciis richness estimation with 27 randomizations

4.73.3 Sample interpolation
The number of species that would be observed for different numbers of
samples ranging from zero to the total number of samples in the data set (Figures

4.61 and 4.62) shows that 20 samples yield 135 species in the RP areas, 145 species



in the OP areas and 140 species in the Forest areas. This however does not show any

distinction in the species richness of the three types of ecosysterrs.

Figure 4.60- 4.62—- Sample interpolation of the sampled areas of Rubber plantations,
Open areas and the Forest areas (The extrapolated S nax is the
estimated number of species that cat! be found in the area).

Figure 4.60

Plot of Sample Interpolation

Rubber plantatioru o f KoUam and Patanamthitta district

Number of Samples
SpadiAS richness ssfimation

Figure 4.61

Plot of Sample Interpolation

Forest of Kottayam, KoUam aiid Patanamthitta district

Number of Samples
Estimeitc-168
Speeds richness estimation



Figure 4.62

Plot of Sample Interpolation
Open  of Kottayam, Kolaxnand Patanamthiita disthct

— Estimate-160 | SD-24.79

Number of Samples

Species richness estmation

4.7.3.4 Rarefaction

Rarefaction curves were constructed from samples taken within habitats to
determine the efficacy of sampling, the true species richness of a given habitat, and to
compare species richness among habitats on an equal-effort basis). Italso evaluates
the adequacy of sampling by assessing whether the cumulative number of species has
reached an asymptote, by comparing the Sds to species-richness estimators, such as
Chao2 or ICE, or by extrapolating the curve [Colwell and Coddington 1994, Ugland

2003, Colwell 2004).

The pooled data of the rubber plantation areas. Open areas and the Forest
areas (Figures 4.63-4.65) and the single sample rarefaction of these areas (Figures
4.66-4.68) give the number of species that can be found in a random number of

individuals in each of the area sampled.



Figure 4.63-4.68 Pooled rarefactions and single sample rarefactions of the Rubber
plantations. Open areas and the Forest areas (The number of
species that can be expected from the area, in a randomly chosen
number of individuals is indicated for each area].

Figure 4.63

Plot of Pooled Rai™factiou

Rubber plantations of Kottayam, Kollam andPatanamthitta district

No Individuals

No. of individuals-?268
——— Finite Estimate-216 Infinite Estimrie-199 Finte Error-0 067
~nr~ Infinte Error-3 486

Sveciex nchnea eaiitindott
Figure 4.64

Plot ofPooled Rfuefactiou

Open areas of Kottayam, Kollam andPatanamthitta distnct

No Individuals

No of individuals-2295 .
——— Finite Estimate-160 'Infinite Estimate-149 Fmte Error-0 089
Infnte Error-2,841

Sv4fcies richne” estitmHott



Figure 4.65

Plot of Pooled Riu'elactiou

Forest areas of Kottayam, Kollam andPatanamthitta district

No IndMduals
Species richness esamation

Figure 4.66

Pbt of Saii*>le Raiefnction -RiibberPlaiitations

Sin”e sample rarefaction of the rubber plantation area samples
of Kottayam, Kollam and Patanamthitta distnct

No Individuals

HchutKs *atirnation

Figure 4.67

Plot of Smuple Raiefnctiou -Opeu Ai-eas

Single sample rarefaction of the open area samples
of Kottayam, Kollam and Patanamthitta district

No Individuals

richntm tntittmriOll



Figure 4.68

Plot ofSaiuple Raiefactiou - Tropical forest

Single sample rarefaction of forest area samples of
Kottayam, Kollam andPatanamthitta district

No Ind™\ddual$
Svecies! richtt”xv extittmHott

The single sample rarefaction method estimates how the species number in a
selected sample changes with the number of individuals. Sampling is assumed to be
without replacement for the Finite version, and with replacement for the Infinite version.
The difference in richness is also evident from the observation that the total number of
individuals sampled to obtain 216 species is 7268 (Figure 4.63) where areas inan Open
area 160 species were obtained when 2265 individuals were sampled (Figure 4,64 )and
in a forest 168 species were obtained when 1575 individuals were sanpled (Figure
4.65). Sample rarefactions of the pooled data show that in a subsample of 30 individuals
inthe RPareas 5.75 species can be expected (Figure 4.66) whereas inasimilar sample of
an OP are 19 species (Figure 4.67 )and for a Forest area 17 species can be expected

(Figure 4.68).

Pooled rarefactions of the weeded and urweeded areas have shown that the
number of species increased considerably when the areas were left undisturbbed. 154
species were found when 2628 species were sanpled in the unweeded RP plantations

(Figure 4.70), whereas the same number of species (154 species) was obtained only



when 4704 individuals were sampled in the weeded areas (Figure 4.69). Single sarmple
rarefaction estimates how the species number in a selected sample changes with the
number of individuals. Single sample rarefactions of the weeded and urweeded sites
undertaken show that a subset of 10 individuals will yield 3.8 species ina unweeded area

(Figure 4.72), while the same subset will yield 6.0 species inaweeded area (Figure 4.71).

Figure 4.69 &4.70 The pooled rarefaction of the weeded and unweeded sites of the
RP areas (The number of species that can be obtained from a
subsample of 500 Individuals is shown).

Figure 4.69

Plot of Pooled Rai'efactiou

Weeded areas of rubber plantations

No Individuals

No of individuals-4704

——-—Finite Estimate-154 mnfinite Estimate-143 7
T~ Finte Error-0 068 "r~ Infinte Error-2 665

Sveciel' ridtttext estimntiou



Figure 4.70

Plot of Pooled Raiefactiou

Pooled rarefaction of unw eeded rubber plantation areas

No IndMduals

No. of individuals-2628

Finite Estimate-154 Infinite Estimate-138.6
ICFinte Error-0.107 1ZInfm te Error-3 298
Svecitv eviifmtion

Figure 4.71 & 4.72 The single sample rarefaction of the weeded and unweeded sites
of the RP areas (The number of species that can be obtained from
a rarefied subsample of 10 individuals is shown).

Figure 4.71

Plot of Sample Rarefaction + Weeded areas of RP

Mo Individuals



Figure 4.72

Plot of Sample Rarefaction - Unweeded RP

No Indiyiduals

4.7.4 Fitting distribution (Non parametric species richness estimate)
The second step in the plant diversity analysis is the fitting of the data in to

the log normal distribution as suggested by the RA plots.

The data was tested to fit the SAD models and the goodness of fit was tested

for each type of sample (RP. OP and Tropical Forest] and its subsets using Pisces

conservation SDR version 4.0 (Table 4.24].



Table 4.24 The statistical goodness of fit to the species abundance distribution
(SAD) models of the RP, OP and Forest areas surveyed.

Forest
LogSeries Model Ft

x=0.970664
alpha=47.2978
Goodress of fit test
Chi=20.1916
Degreesof freedom=5
P=0.00115037

The datadoes not fitalog series
nocH

Truncated Log Normal

Closerved LoglOMean=
0.694711

Closerved LoglOVariance =
0.228283

Estimated LoglO Mean=
0.63779

Estimated LoglOVariance =
0.284962

Total predictedspeciesin
Community=173.834

Total doserved species =167
Spedies behind the \&il Line=
6.83432

Larbdg, Diversity Statistic=
325.643

Goodress offittest
(hi=4.9358
Degress of fifesdom=5
p=0.423765

The datafitsa truncated log
normral mocel

Openareas

Log Series Model Fit
x=0.983473
alpha=38.2988
Goodress of fit test
Chi=14.959
Degrees offreedom=6
P=0.0205782
Thedata does nat fitalag
Series model
Truncated Log Normal

Closerved LoglO Mean=
0.808763

Coserved LoglOVariance =
0.288934

Estinated LoglO Mean=
0.7438

Estinated LoglOVariance =
0.361029

Total prediicted spedies in
Community=163.717

Total doserved spedies=157
Species behind the \Ail Lire=
6.71666

Larbodh, Diversity Statistic=
272.472

Goodness of fit test

i =6.22341

Degrees of freedom=6
p=0.398635

The datafitsa trucated log
nomal nocdl

Rubber plantation

Log Series Model Fit
x=0.994363
apha=41.3576
Goodress offit test
Chi=15.0313
Degrees offreedom=8
P=0.0585389

The datafitsalog series nocH

Truncated Log Normal

Closerved LoglOMean=
0.902713

Closenved LoglOVariance =
0.4743%

Estimated LoglO Mean=
0.765204

Estimated LoglOVariance =
0.639921

Total predictedspecies in
Community=235.498

Total dosened species=214
Spedies behind the \&il Line=
21.4978

Larbda, Diversity Statistic=
294.39

Goodress of it test
Chi=7.3392
Degrees of freedom=8
p=0.500517

The datafitsatruncated lag
normral nocd

The species-abundance distribution is presented as a graph of the number of

species (ordinate) vs. the number of individual's censuses (abscissa). The Pooled sanples



show that RP areas fit the lognormal and log series distribution and do not fit the
geometric or Broken stick model (Figure 4.73a and 4.73b). The OPand Forest areas only

fit the log normal distribution and do not fit the log series (Figure 4.74 and 4.75).

Figure 4.73-4.75 Fitted distribution curve( SAD) of the pooled data Rubber
Plantations, Open areas and Forest areas showing the lognormrel
distribution .The Rubber Plantation areas also fit the log series
distribution and Log normal distribution (Figure 4.73a and 4.73b).

Figure 4.73a

Truncated Log Normal Model

Rubber plantdion areas of Kottayam, KoBam and Palanmafnthitta district

40
10
4 5 6
Abundance Class
Figure 4.73b
Log Series Model
Rubber plantation areas of
Kottayam. Kollam aod Patanamthitta district
60
50
’@40
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0 llemlimmmll "1

3 4 5 6 7
Abundance Class

Distribution



Figure 4.74

Truncated Log Normal Model

Open areas of KoHayam, KoDam and Patanmamthttta district

3 4 5
Abundance Class

Distribution
Figure 4.75

Truncated Log Nornnal Model

Forest eM-eas of Kottayam, Kollatn and PatanmarrthtHa district

3 4

Abundance Class

Distribution

The truncated lognormal is the lognormal distribution of the abundances of
various species whose individuals curve terminates at its crest (Preston 1962a, b).
This model represents the situation where abundances of individuals or pairs of
individuals are distributed at random among species. In this distribution, the
individuals or pairs are not clumped (few species with most of the individuals] at one
extreme, and they are not overly regulated (all species equally abundant] at the other
extreme (Miller and Weigert 1989). The entire lognormal distribution of species
abundance in a community can never be sampled. Some species are too rare to be

represented by one or more individuals in a sarmple. These species fall below the veil



Chapter 4: Results
L e

line of the distribution, and only increasing the total number of individuals examined
can reveal their presence. When the size of a sample doubles, the modal abundance of
species moves one octave to the right (the abundance of all species doubles, on
average), and additional s;;ecies, each represented by one individual, appear in the

distribution at the veil line.

The tests of the subsets of RP, Forest and OP areas showed that
Mundakayam forests data fits the broken stick model and shows maximum
evenness. All the other subsets in the RP and OP areas fit a log normal
distribution (Figures 4.76-4.89). Thenmala, Puthupally, Chetheckal and"
Mundakayam RP areas also fit a log series distribution indicating lower
evenness in these areas. Among the OP areas Neezhoor, Mundakayam and
Pampadi also fit the log series and Puthupally, Mundakayam and Thenmala OP
fit the geometric series indicating very low evenness and dominance of single

species in these areas.

—_~
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Figure 4.76- 4.89 Fitted distribution curve (SAD) of the subsamples (Mundakayam,
Chetheckal, Puthupally, Neezhoor, Pampadi and Thenmala) RP, OP
and Forest areas showing the goodness of fit to SAD models.

Figure 4.76

Truncated Log Normal Model
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Figure 4.77

Truncated Log Nonnal Model

Rubber pUntition - Mundalciyam
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Figure 4.78

Truncated Log Normal Model

Open 4»as - Miindakayan
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Figure 4.79

Truncated Log Honn«I Model
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Figure 4.79

Truncated Log NormalModel
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Figure 4.80
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Figure 4.81

Truncated Log Normal Model

Op«nutu - HMzhoor
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Abundance Class

Figure 4.82

TnincatcdLog Nonnal Model
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Figure 4.83

Truncated Log Nonnal Model
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Figure 4.84

Truncated Log Normal M Odel
Fonit- Chith»ck*I- P4t*n»mthitt* dutrict

2 3 4
Abundance Class

Figure 4.85

Truncated Log Nomal M Odel
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Figure 4.86

Truneated Ljdg Normai M odel
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Figure 4.87

Truncated Log Noimal Model

Rubt«r pUntatjon * TIwiutuk- KolUm dutrict

Abundance Class
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Figure 4.88

Truneated Log Notmal M odel

Optn 4niA$ -Thtnnuk- KoUam duthct

Abundance Class

Figure 4.89

Truneated Log Norrtial M odel

FoRjt -Tlwnnuk- KoUun district
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4.7.5 Measuring diversity
4.7.5.1 Diversity Indices
A range of diversity indices (DI) was plotted for the three types of areas (RP,

OP and Forest) and their sub samples in the three districts (Figures 4.90 - 4.96, 4.97 -

4.100 and Table 4.25).

L}



plantation areas, Open areas and the Forest aresas.

SNo Diversity Index

Alpha diversity index

1 Al sanple index
2 Shannon \einer
3 Simpsors

4 Margalef

5 Berger Parker dominance
6 Meintosh

7 Brilluoin

8 Fisheralpha

9 Qstatistics

10 Merhinick

11 Strongs

Evenness index

1 PielouJE

2 MelntoshE

3 BrilluonE

4 Heipe

5 Sinpsons E

6 NHC

7 Camrego

8 Smith&Wilson B

9 Smith&WisonD

10 Smith&Wilson- inD

11 SnannonWeiner Vexinum
12 ShannonWeiner Mininum
13 @Gni

Rubber
plantation

216
4.002
27.85
24.17
0.084
0.819
3.945
41.82

47.5
2.527
0.629

0.744
0.869
0.745
0.249
0.129
0.112
0.917
0.242
0,968
0.618
5.375
0.291
0.216

lackknife Open Jackknife

error* areas

7.24
0.053
2.106
0.803
0.009
0.007
0.052
1.726
7.442
0.0%
0.01

0.01
0.008

0.01
0.014

0.0L
0.004
0.022
0.012
7.043
0.014
0.033
0.014
0.009

160
4.295
42.88
20.55
0.074
0.864
4.166
39.19
43.76
3.342
0.478

0.846
0.919
0.846
0.455
0.268
0.145
0.997
0.374
0.982
0.737
5.075
0.608
0.364

r
error Forest

949 168
0088 448
5796 55.46
1181 227
0.014 0.058
0.011 0.885
0.081 4.306
2973 471.67

7.24  53.75
0.221 4.244
0.028 0429

0.017 0.876
0.011 ~3.935
0.018 0.877
0.045 0.526
0041 033
0008 0.163
0034 105
0.048 0.442
9.235 0.987
0028 O.777

006 5.124
0.056 0.885
0042 0419

Table 4.25 - The Alpha diversity indices and the Evenness indices of the Rubber

Jackknife
error

10.87
0.085
7.692
1.234
0.014
0.009
0.089
3.027

10.2
0.188
0.021

0.016
0.009
0.01

0.03
0.038

0.01
0.028

0.08
10.92
0.023
0.065
0.062
0.072



4.7.5.1.1 Alpha diversity index

Alpha diversity indices (ADI) that measures diversity were computed for each of
the pooled sanple of RP, OP and Forest areas (Figures 4.90 - 4.96} and for the individual
sites (subsets) of each type of area (4.97 - 4.100) using Pisces conservation SDR version
4.(2006). These indices were bootstrapped for 95 % confidence limit and the Jackknife
standard error was calculated for each index (Table 4.25). Six indices (Shannon Weiner,
Simpsons, Me Intosh, Brilluoin, Q statistics and Menhenick) showed that the Rubber
plantation areas had the lowest diversity among the three areas while the Forest areas
were highest in diversity (Table 4.25). The Margalef, Berger parker. Fisher alphaand the
Strong's alpha diversity index were highest for the Rubber plantations whereas the

diversities of the OPand Forest area varied in these indices (Table 4.25).

Figures 4.90-4.96- Alpha diversity indices and the Evenness index of each subset of
the Rubber plantation areas, Open areas and the Forest areas.

Figure 4.90

Plot of Shannon Wiener

Alplu diversit/ index -Shannon Wiener
Sites sampled in the Forest areas. Open areas and the Rubber plantation areas of
Kottayam, Kollam and Patanamthitta district

Sample

Alpha diversiiiJ index
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Figure 4.91

Plot of Simpsons D

Alpha diversity index- Simpsons
S~pled sites of Forests, Open areas and Rubber plantation areas of
Kottayam, KoUam and Patanamthitta district

Sample

Alpka diversiiif index
Figure 4.92

Plot ofMcIntoshD

Alpha, diversity iiuiex- Me Intosh
Sampled sites o f Forests, Open areas and Rubber plantation areas
in ICottayani, KoUam and Patanamthitta district

Sample
Alpka index



Figure 4.93

Plot of Menhinick D

Alpha diversity index- Menhiziick
Sampled aieas of Forests, Open areas and Rubber plantation areas
in Koitayam, KoUam and Patanamthitta district

Sample

Alpha diverdtif index

Figure 4.94

Plot ofBhllouinD

Alpha diversity index-Biillouin
Sampled sites of Forest, Open areas and Rubber plantation areas
in Kottayam, KoUarti and Patanamihitta district

Sample
M”ha divArsitv indox



Figure 4.95

Plot of Q Statistic
Alpha diversity iixdex-Q statistics
Sampled o f Fore$t$, Open and plantation ai«as

of Kottayam, KoUam and Paianamthitta district

Sample

Figure 4.96

Plot ofPielouJ (AllSamples)

Evenness index- Pieluo J
Sampled sites of Forest, Open areas and Rubber plantation areas
in Kottayaxn, KoUam and Patanamtliitta district

Sample
Alpha divffsiiu index



4.7.5.1.2 Evenness index

A range of 13 Evenness indices (ElI) that measures equitability were
computed. These indices were bootstrapped for 95 % confidence HMit and the
Jackknife standard error was calculated for each index (Table 4.25). All the evenness

indices computed showed that the Forest areas were the highest in evenness and that

the Rubber plantations showed the lowest evenness index (Table 4.25).

4.7.5.1.3 Diversity index of the subsets

The alpha diversity indices chasen for the individual sites sampled (subsets)
were Shannon Wiener, Simpson, Brilluoin, Mclntosh. Qstatistics and Menhinick and
the Evenness index Pielou- J. The diversity and equitability of all the subsets are

plotted in Figures 4.97- 4.100. The graphs also show that the indices vary marginally

in the individual sites in each type ofarea (Figures 4.97-4.100).

Figure 4.97-4.100 - Alpha diversity index and Evenness index of the individual

sampled sites (subsets) of Rubber plantation areas (The
diversity index of each subset is displayed in the legend).

Figure 4.97

Plot of Shannon Wiener

Alpha diversity ixidex-Shairmon Wiener

Rubber plantation areas of KLottayam, Kollam and Patanamthitta district
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Figure 4.98

Plot ofBnHoilinD

Alpha diversity index- Brillouixi
Rubber plantation araas of Kotta/am, Kollam and Patanamthitta diitxict

Sample

All'iampie HP inde:/- 5.945
Jackknife std. error- 0.9SI

Aluka RAast\ ind”x

Figure 4.99

Plot of Simpsons D

Alpha diversity index- Simp$on9
Rubber planation areas of Kotayam, Kollam and Patanamthitta district
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Figure 4.100

Plot ofPielou J (AllSamples)

Evmiess index- Pielou J ( all sample)
Rubber pUntaition areas of Kottayam, Kollam and Paianamthitfa disttict
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4.7.5.1.4 Randomization tests

The Shannon Wiener alpha diversity index of the Tropical forest area is 4.48
and is 4.295 and 4.002 for the Open areas and the Rubber plantation areas
respectively (Table 4.25). Randomization tests of Solow (1993, 1994) to compare the
diversity indices of these areas to see if the differences were significant at the 5 %
level. Two tailed randomizations tests with 1000 random partitions were undertaken
to compare the individual sites to test for significant level of difference at the 5%
level. The tests show that the differences in the ADI and El of the individual sites
sampled in the RP and the Forest areas were, significant at the 5% level whereas all

the OP areas except Thenmala OP had the same diversity.

Plot of AD! and B of the Rubber plantation areas of each individual site
(Figure 4.97-4.100) display show a comparatively consistent low Ol in Neezhoor RP
and the Thenmala RP areas. Randomization tests show that the differences among

the sites are significant at the 5 % level. A randomization test between the Thenmala



RP and the Neezhoor RP have shown that the Thenmala plantations and Neezhoor

plantations are significantly different.

4.7.5.2 Diversity ordering

Two diversity ordering methods were used viz. Renyi and Right tailed sum

475.2.1 The Renyi's family [Renyi 1961 and Hill 1973)
Diversity ordering of the three areas (Figure 4.101) and of the subsets of the
RP areas (Figure 4.102) were undertaken using SDR version 4 and the results

displayed graphically.

Figure 4.101- Diversity ordering profiles of the pooled samples of Rubber
plantations, Open areas and Forest areas, using the Renyi family
diversity index.

Diversity Ordering - Renyi Family Index
RP.OP and Forest areas of Kottayam, Kollam and Patanamthitta districts. — Forest
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Figure 4.102 - Diversity ordering profiles of the individual Rubber Plantations areas
(sub samples] sampled, using the Renyi family diversity index.

Diversity Ordering - Renyi

Scale Parameter
Lversiiy ordering

4.7.5.2.2 Right tailed sum (Liu etal. 2007)
Diversity order of the three areas (Figure 4.103] and the subsets of the RP

areas (Figure 4.104] were plotted using Pisces conservation SDR version 4.

Figure 4*103 Diversity profiles of the Rubber plantation, Open areas and Forest
areas, using Right Tailed Sum diversity ordering grouping.

Diversity Ordering - Right-Tailed Sum

RP.OP and Forest areas of Kottayam, Kollam and Patanamthitta districts
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Figure 4.104 Diversity profiles of individual Rubber Plantations (subsamples), using
Right Tailed Sum diversity ordering grouping.

Diversity Ordering - RighUTailed Sum

Rubber plantation areas o f Kottayam, KoUam
and Patanamthitta distxict
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Species Rank

Divsrsiii/ orderins

A diversity profile using Renyi family (RF) and Right Tailed sum ( RTS) for
the pooled data of Rubber plantation areas, Open areas and the Forest areas show
that rubber plantations are comparatively lower in diversity than the OP and the RP
areas (Figure 4.101 & Figure 4.103). The Renyi index shows that the RP and OP areas
intersect each other and are likely to be ranked differently by different diversity
indices (Figure 4.101). However the RTS diversity profile (Figure 4.103) clearly
indicates that the three areas are likely to be ranked similarly by majority of the

diversity indices (Table 4.25).

The diversity profile of individual sites sampled in the RP areas in the three
districts (Puthupally, Neezhoor, Pampadi, Mundakayam, Chetheckal, Thenmala) are
plotted using Renyi and RTS diversity ordering(Figure 4.102 and 4.104). Both the
diversity-ordering methods give a similar pattern of diversity profiles for these areas.

The Thenmala RP areas show a non -comparable diversity with respect to the other

{}



plantations. It can also be seen that Neezhoor has the lowest diversity index. The RTS

diversity ordering was used for further insights into diversity of the individual areas.

The RF and RTS diversity profile based on the family level and genera level
presence (Figure 4.105 and 4.106] also show that the three areas vary in their
diversity. The COP areas are lower in their family diversity than the RP and Forest
areas. The latter two are similar in diversity but will be ranked differently by
different indices. The graph indicates that the forest areas are more species rich and

more even.

Figure 4.105 Diversity profiles of the family level presence in Rubber Plantations,
Open areas and Forest areas using the Renyi diversity ordering index.
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Figure 4.106 Diversity profiles of the family level presence of Rubber Plantation,
Open areas and Forest areas using Right Tailed Sum diversity
ordering index.
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Individual sites of rubber plantations were compared to their adjacent Open
area and Forest area using RTS diversity profile (Figures 4.107- 4.110]. The three
areas are closely similar and intersecting each other in Chetheckal and Mundakayam(
Figures 4.107 and 4.109] and very low in diversity in Thenmala (Figure 4.108).A
diversity profile of the weeded and unweeded areas showed a lower diversity in the
unweeded areas (Figure 4.110).The diversity profiles of the weeded and unweeded
areas (Figure 4.110] show that thwe two areas will be ranked differently by different
indices and will be non comparable. The unweeded areas show a higher slope and

are more even than the weeded areas which have higher species richness.

{}



Figure 4.107-4.110 The Diversity profiles of individual rubber plantation sites
(Mundakayam, Chetheckal and Thenmala] compared to the
adjacent Open areas and the Tropical forest areas using the
Right Tailed sum diversity ordering family index.

Figure 4.107

Diversity Ordering- Right-Tailed Sum

Rubber plantation are4s, Open 4nd Forest areas
Chetkeckal- Patanamthitta distiict

1012 14 16 18 20 22 24 26 28 30 32 34 36 38 44 46 48

Species Rank

Diversity ordering
Figure 4.108

Diversity Ordering - Right-T ailed Sum

Species Rank

Dtvgysia/ ordering



Figure 4.109

Diversity Ordering - Right-Tailed Suin

Species Rank
ordenng

A diversity profile of the weeded and unweeded areas showed a lower
diversity in the unweeded areas (Figure 4.110).The diversity profiles of the weeded
and unweeded areas (Figure 4.110] show that thwe two areas will be ranked
differently by different indices and will be non comparable. The unweeded areas
show a higher slope and are more even than the weeded areas which have higher

species richness.



Figure 4.110

Diversity Ordering - Right-T ailed Sum

Species Rank
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4.7.6 SHE analysis

The data and the graphical out puts of the SHE analysis of the RP, CP and Forest
areas( Figures 4.111, 4.112 and 4.113 respectively) show, the simultaneous graphing of
evenness and richness data over spatial scales. Over similar scales (35 sanples) diversity
H ' is high in the Forest and CP (4.488, 4.295) areas but lower in the RP areas
comparatively (3.493) over these spatial scales (Table not included). The equitability
varied in the three areas. It decreases with more sanpling effort in the OP and RP areas
whereas it remains fairly constant in the Forest areas (Figures 4.111 and 4.112
respectively). With a small sampling efforta high diversity H ' is observed in the CP areas
(Figure 4.112). But after an initial increase, // ‘only shows a marginal increase compared
to the Forest areas (Figure 4.113). The evenness decreases as sanmpling effort increases
(Figure 4.112 ). The diversity does not increase in spite of increase in species richness due
to the low evenness in the CP areas (Figure 4.112). The RP areas show a low diversity in
the initial saplings. As the spatial scales increase the diversity increases more rapidly and
remains fairly constant in spite ofa sharp decrease in the evenness (Figure 4.111).



Figure 4.111-4.113 SHE analysis of the Rubber plantation areas, Open areas and
the Forest areas (H( H) - Shannon Weiner diversity index, i(s)
In(E)or evenness andi/Ln(s)te1 - \nEY In(S)].

Figure 4.111

Plot of SHE Analysis

Sampled sites of Rubber plantatioits in Kottayain, Kollam
and Patanamthitta district

Sample
H{H} ,J{s} — anesyer |

SHE analysis
Figure 4.112

Plot of SHE Analysis

Sampled sites of Open areas of Kottayam, Kollam
and Patanamthitta distiict

Sample

w{s} — Jftnesyer |



Figure 4.113
Plot of SHE Analysis

Sampled sites of the Forest areas in Kottayam, Kollam
axvi Patanamthitta district

Sample
sy — ke {E |

SME analysis

The analysis of the subsets of weeded and unweeded areas of Rubber
plantations show that diversity is lower in the unweeded areas compared to the
weeded areas (Figure 4.115 and 4.114 respectively). Evenness is lower in the weeded
areas and is constantly low over the spatial scales. In the unweeded areas evenness is

higher and there is a gradual decline over the spatial scale.



Figure 4.114 & 4.115 SHE analysis of the weeded and unweeded areas in the
Rubber plantationsf H H - Shannon Weiner diversity
index. J(S] - In (E)or evenness and |[/U(S)(E) -inrE7/ In

Figure 4.114
Plot of SHE Analysis
Weeded rubber plantation areaj
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3.5
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2
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Figure 4.115
Plot of SHE Analysis

Unweeded Rubber plantation areas
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(S} — jyLns)e) |

SHE analysis

Finally SHE analysis was used to indicate the species abundance distributions

represented in the data (Figure 4.11, 4.112 and 4.113). Cumulative In E/INS



Chapter 4: Results

remained relatively constant in each plot, indicating that each sample community

was bet fit by log normal species abundance distribution.

4.8 Similarity measures

Similarity tests (ANOSIM and SIMPER) using CAP version 4.0 (Henderson and
Seaby 2007), were used to test for similarities between the groups assigned a priori
viz. RP, OP and Forest areas, both within each group (quadrat samples within each
type of area) and between the groups. It also shows the species which'contribute to

the similarity within the group and between each groups.

ANOSIM (Clark 1988, 1993) using the Bray-Curtis measure of similarity for
OP, RP and Forest areas was undertaken (CAP version 4., Henderson and Seaby
2007). This statistical test shows if the similarity within samples or dissimilarity
between samples is greater than the similarity that would occur by random. The
results (Table 4.26) show that the value of R (0.57) is significant with probability of
0.001%. This leads to the conclusion that the samples within groups are more similar
than would be expected by random chance. Pair wise tests between Forest and OP,
between Forest and RP and between RP and OP areas show that the three areas are
significantly dissimilar (Table 4.26). However the OP and RP areas appear to be less
dissimilar. The RP areas show a significant dissimilarity to the Forest areas with
respect to the species composition (statistical significance of 0.74). The Forest areas
are also not similar in species composition to the OP areas with a statistical

significance of 0.64 (Table 4.26).
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Table 4.26 Similarity test values of ANOSIM and SIMPER on the sampled sites of
RP, OP and Forest areas and the subsamples. The ANOSIM ‘R value’ is
the statistical value of similarity within each group with a probability
of 0.001 and a significance level of 0.1%. SIMPER between values is the

average dissimilarity between the compared sites.

Site (No. of samples) &l\igilllg betfuz;al\:f():;rage
dissimilarity)

Forest (35) OP (27) 0.64 97.93
Forest (35) RP (92) 0.75 97.18
OP (27) RP (92) 0.32 89.43
Comparison between the RP subsamples

Chetheckal (16) Mundakayam (15) 0.50 79.24
Chetheckal (16) Neezhoor (16) 0.57 82.17
Chetheckal (16) Pampadi (14) 0.57 82.40
Chetheckal (16) Puthupally (20) 0.42 87.16
Chetheckal (16) Thenmala (11) 0.75 90.40
Mundakayam (15) Neezhoor (16) 0.69 75.05
Mundakayam (15) Pampadi (14) 0.41 67.87
Mundakayam (15) Puthupally (20) 0.46 84.08
Mundakayam (15) Thenmala (11) 0.92 85.06
Neezhoor (16) Pampadi (14) 0.65 76.19
Neezhoor (16) Puthupally (20) 0.28 80.06
Neezhoor (16) Thenmala (11) 0.92 87.67
Pampadi (14) Puthupally (20) 0.55 87.13
Pampadi (14) Thenmala (11) 0.86 82.60
Puthupally (20) Thenmala (11) 0.69 92.14

The statistical test of similarity using SIMPER to test for similarity between

the three groups was also undertaken. SIMPER identifies the species that are most

important in creating the observed pattern of similarity and dissimilarity. The tests of

SIMPER between, the three OP, RP and Forest areas have shown a high dissimilarity

1}
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between the three areas (Table 4.26). The prevalence of plants like Axonopus
compressus, Mitracarpus villosus and Hedyotis auricularis are the main contributors to
the dissimilarity between Forest and Open areas. A high abundance of Cyrtococcum
patens, Oplismenus compositus and Ishaemum indicum are the cause of dissimilarity
between Forest areas and the RP areas. The RP areas have a higher abundance of
species like Oplismenus compositus, Cyathula patens and Cyrtococcum patens and they
are the main contributors to the dissimilarity with the OP areas. The abundance of
grass species and plants like Mitrocarpus villosus, Hedyotis auricularis in the RP and
OP areas are a result of the invasion of weedy species in disturbed areas. The SIMPER
within, tests shows the similarity within the samples of RP, OP and Forest. The
species composition more abundant and prevalent in the Forest sites is Strychnos
colubrina, Xylia xylocarpa, Michelia nilagirica, Helectris isora. These plant species are
more common in the forest samples and this contributes to the similarity within.
Plant species like Axonopus compressus, Ottochloa nodosa, Mitracarpus villosus,
Mikania macrantha are abundant in the OP areas while species like Cyrtococcum
patens, Oplismenus composites, Cyathula prostrate and Axonopus compressus
characterize RP areas. It is also notable that the average similarity between the
Forest and the OP samples (11.7 and 12.9 respectively) is less than that found in the

RP areas (17.4) (Table 4.26).

The ANOSIM tests for the individual sampling sites viz. Chetheckal,
Puthupally, Pampadi, Neezhoor, Mundakayam and Thenmala reveal R value of 0.53.
This indicates a significant similarity within the groups assigned a priori. Comparison
between the different sampling sites has indicated that the species composition of
some sites is significantly dissimilar while others are less dissimilar (Table 4.26).

Thenmala RP vegetation is distinctly different from the other RP sampled sites with

( |
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an R value ranging from 0.92 to 0.74. Less dissimilarity can be seen between the
samples of Neezhoor and Puthupally which are both the unweeded areas. The
remaining sites (weeded) show a range of dissimilarity ranging from 0.28 to 0.50

(Table 4.26).

Tests of SIMPER on these groups reveal the structure of the vegetation
further. Tests of SIMPER within the Rubber plantation sampling sites have shown
that the Puthupally and Chetheckal sampling sites are more heterogeneous (average
similarity 19.7 and 24.4 respectively) compared to the remaining sites (Neezhoor,
Pampadi, Mundakayam and Thenmala). Mundakayam has the highest average
similarity of 41.9 which indicates comparatively more homogenous vegetation
(Figure 4.116). The ground flora plant species which are common to these
plantations are Oplismenus compositus in Chetheckal, Cyrtococcum patens. in
Mundakayam, Ishaemum indicum in Neezhoor, Axonopus compressus in Pampadi,
Ishaemum indicum in Puthupally and Cynodon dactylon in Thenmala. In all RP areas
grass and other members have become the major contributors to the similarity
measures and the largest vectors that contribute to the change in vegetation (Figure
4.118). SIMPER between (Tables 4.26) have shown that the Puthupally and
Thenmala areas are distinct groups with the highest dissimilarity (average
dissimilarity 92.1) and that Mundakayam and Pampadi have more similarity

(average dissimilarity 67.9).

{
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Figure 4.116 The observed similarity between samples of an area as a
contribution of each species (variable). ‘SIMPER within' identify
the species that are most important in creating the observed
pattern of similarity.

Average Similarity (SIMPER within)

Chetheckal
Mundakayam
Neezhoor
Pampadi
Puthupally

Thenmala

4.9 Ordinations
49,1 Principal Component Analysis (PCA plot)
PGA analysis was undertaken on the between-sample variance-covariance

matrix, for the three sampled sites and their subsamples, as an exploratory tool and
a preliminary step [Figure 4.117 and 4.118] shows the PCA plot and the vectors
that are responsible for more than 30% of the variance. Ishaemum indicum,
Opiismenus compositus, Cyathula prostrata and Cyrtococcum patens are responsible
for the change in vegetation. Figure 4.117 shows these vectors are a response to the

variables found in the RP, OP and Forest areas.



Figure 4.117 & 4.118 PCA ordinations of the Rubber Plantation, Open areas and
Forest areas. The vectors responsible for the change are

indicated in Figure 4.117.

Figure 4.117

PCA Plot- Covariance
Rubbar planUtion, Open areas and Forest areas of
Kottayam, FCoUarn and Patanamthitta district
Vector - Axis 1

0

-3-2-10 1 2
Pnncipal -A&dréﬁzagl%)

Figure 4.118

PCA Plot - Covariance
vBctore which are responsible for a vegetational change
the Rtiaber plantations. Open areas and the Forests

\*ctor - Ads t

4.9.2 Non- Metric Multi Dimensional Scaling

17 ~ vectors

17 ~ largest vectors
|7 = Forest

17 = Operi arsas

17 = Rubber plantation

05

wmAn

Principal «

Vectors

largest vectors

Multivariate analysis was chosen because they are ideally suited for analyzing

complex ecological data, which require a flexible and robust method that can address

nonlinear relationships, high order interactions, and missing values (Death and

Fabricius 2000, Bhagwat et al. 2005). Tuomisto and Poulsen(2000) found when the



abundances of species were taken into account in the ordinations as in this study,
finer subdivisions within sites were found, and often subunits in similar topographic
positions from different sites. The MDS of the RP, OP and Forest areas using the
abundance data of the variables (species) in this case show that the RP areas are
clearly more similar to the OP areas and less similar to the forest areas [Figure
4.119). The stress against iteration values for the two dimensional NDMS plot has
been plotted (Figure 4.120) and the final stress value plotted in Figure 4.121. The
NDIVSS plot of the individual subsamples of the RP areas show that the weeded areas
Mundakaym and Pampadi are more similar to each other with respect to their
vegetation. The unweeded areas Neezhoor and puthupally overlap in their
vegetation. Thenmala forms a more distinct group. Chetheckal has similarities with

the weeded and unweeded areas (Figure 4.124).

Figure 4.119 The plot of non metric nulti dimensional scaling (NMDS) using
jaccard's index of similarity for the Rubber Plantation, Open areas and
Forest areas (The perimeter outlines the three plant communities
indicating their similarities and distance between them).

17 | Forest
MDS -Axis 1vs Axis 2 « 2D Model -RotauUd, Jaccard's
» . X i . p | Openareas
Rii)bei plantations, Open areas and Forest areas m Kottayam, KoQam and Patanamthitta distnct
17 | Rubber plantaitiort
F — PerimeterO

17 — Perimeter2

Axisl
2D Stress « 0.273722



Figure 4.120 The plot of the stress against iteration number for the two-
dimensional non-metric multidimensional scaling (The data has been
square root transformed).

Chftnges m Stresi - ill sample wwofkmg d4ta-sq.root tfanfoimed
05- 2D Model
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0 34-
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0 24-
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Figure 4.121 The final stress value plotted against the dimension of the nMDS
model (The maximum dimension on the plot Is the maximum number

of dimensions selected).
045- Final Stressvs Model Dimension
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The PCA plots of the subsamples of RP areas showed the vectors that are
responsible for change in the vegetation in each of the sampled sites (Figure 4.122
and 4.123). The largest three vectors are Ishaemum indicum, Cyrtococcum pate/Band

CyaChula prostrate. Different areas of RP sites sampled show the predominance of



different species. The various sites are overlapping in their vegetation and
homogenous with respect to the coexisting plants except in the unweeded areas

Puthupally and Neezhoor. These areas show more distinct vegetation (Figure 4.123).

Figure 4.122 & 4.123 PCA ordinations of the sub-samples of the Rubber

plantations, Open areas and Forest areas. The vectors
responsible for the change are indicated in Figure 4.121.

Figure 4.122
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Figure 4.124 The non-metric multi dimensional scaling plot of the sub-samples of
the RP, OP and Forest areas.

MDS - Axis 1 vs Axis 2 - 2D Model -Rotated, Jaccard's

Chetheckai
Mundakayam
Neezhoor
Pampadi
Puthupally
Thenmala
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4.10 Allelopathic test

The effect of aqueous leachate on the rate of germination of the test seeds Oryza
sativa (Rice seeds) have shown an initial inhibition in the rate of germination (Figure
4.125). The average rate of germination for 7 days Is tabulated (Figure 4.125). The rate
of germination reaches comparable values by the 7~ day (Figure 4.125). In the case of
rice seeds the germination is delayed (Figure 4.125). One way tests of ANOVA -repeated
measures have shown the difference between the treatments is significant ((F =
4.91056, DFI = 4, DF2 = 24, P = <0.05). The effect of aqueous leachate on the rate of
germination of Chromolena odorata seeds has shown a strong allelopathic inhibition
(Figure 4.126). The viability of the seeds of Chromolena odorata is severely impaired.
Some germination can be seen at low concentrations of 1.25% and 2.5% but no
germination was seen at the higher concentrations of 5% and 10%. One way ANOVA test
-repeated measures also shows these differences in treatment on Chromolena odorata
seeds are significant (F = 12.0063, DFl = 2. DF2 = 12, P = <0.05). These seeds did not

germinate even after 37 days.



Figure 4.125 & 4.126 Effect of different concentrations of leachate of the leaves of
Hevea brasiliensis on germination percentage of seeds of rice
(Oryza sativa van Uma] and the seeds of Chromolena odorata
(C- Control T-1:1.25%, T-2: 2.5%, T- 3: 5%, T-4: 10%).

Figure 4.125

Germination of Oryza sativa seeds in the aqueous leaf
leachate of Hevea brasiliensis.

120
T T-2 T3 T4
(F=4.91056, DFI =4, DP2 = 24. P =<0.05)
Figure 4.126
The gernnination of Chromolena odorata seeds in the
aqueous leaf leachate of Hevea brasilensis.
30

T-l T2 -3 T4

[F=12.0063, DFI =2, DF2 = 12, P =<0.05)

Figure 4.127 shows the effect of aqueous leaf leachate on the seedling growth
of the test seeds (rice). Inhibition was observed on the shoot and root growth of the

seedlings of Oryza sativa Statistical test using One way ANOVA using Bonfernni's



method of multiple comparison using QED satitstics 1.0 (Seaby and Henderson
2006)showed that there is a significant difference in means between the treatments
(F= 8.35, DF1=4. DF2= 95, p=< 0.05) on the test seeds. Chromolena odorata shows

negligible growth at lower concentrations of the leachate.

Figure 4.127 The effect of the aqueous leachate of the leaves of Hevea brasiliensis
on the root and shoot length of test plant Oryza sativa var Uma on
the 5% day of growth. The results show the average shoot and root
length of 20 seeds subjected to treatment (T) -1(i.25%), T-2 (2.5%),
T-3 (5%) and T-4 (10%) of aqueous leachate.

The effect of the aqueous leaf leachate of Hevea
brasiliensis on the root and shoot growth of Oryza sativa

Control T-l T-2 T-3 T-4

m Shoot length = Root length

One way ANOVA test of significance (F =8.34671, DF| =4, DF2 = 95. P = <0.05)
4.11 Phenology

24 plant species of the natural ground flora of rubber plantations also
growing in the OP and Forest areas sampled were chosen for phenological studies.
The emergence, maturation, flowering and fruiting of the plants was observed. The
life cycles of these plants (Table 4.27) shows the period of the year during which the

plants flowers and fruits in the OP, RP and Forest areas.
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Hedyotis auricularis ana Cyrtococcum patens flower and fruit throughout the
year. AXONOPUS COMPFESSUS have prolonged flowering periods [Table 4.27). Most plants
flower during the monsoon period (Figure 4.128 and 4.129]. The flowering extends in to
the fruiting stage which falls within the period when the rainfall is high. This however is
not a thumb rule. Several plants like SeDastiana chamaelea, jusCida procumbens, Vrena
lobata ana Centrasema pubescens flower during the months of August to March (Table
4.27, Figure 4.128). The plants Chromolena odorata, Clerodenron viscosum, Mikania
micranCha, Mitracarpus villosus ana Naragamia alata in the o areas initiate flowering
earlier than in the RP and Forest areas The flowering and fruiting of the plants ends at
approximately the same time in all the three areas. Extended flowering periods have
been observed in the plants species Centrasema pubescens, Ixora coccinea, Cyathula
prostrata ana Justicia procumbens in the op areas (Table 4.27). Figure 4.128 shows that
the largest number of plants flowers during the period February to June. This coincides

with the onset of the pre monsoons showers (Figure 4.129).

Figure 4.128 The number of plants that are flowering in the Rubber Plantations,
Open areas and Forest areas.

The number of plants in the flowering stage of their life cycle in
the ground flora of the RP, OP and Forest areas

M A M J Ju A

RP -B-OP -A-Forest



Figure 4.129- The average rainfall during the year (in mm].

=Average rainfall

The early flowering of plants in the OP areas as compared to the RP areas
indicates that these plants are heliophilic in nature. Some plant species flower the
year around indicating that these species have specific requirements and that the
flowering is takes place according to their photoperiodic and dispersal requirements.
Although a larger number of plants show preference to flowering during the period
of the onset of monsoon, there is no direct statistical correlation between moisture

and flowering (Figure 4.128 and 4.129).

The viability test of 19 commonly growing plants in the RP areas and
compared it to the germination of rice seedlings [Oryza sativa var. uma] which has
been used as a bioassay in the allelopathic tests. 20% plants show germination above

50 % in water (Figures 4.130 and 4.131).



Figure 4.130 & 4.131 Percent of germination of naturally growing plants found in
the ground flora of Rubber plantations as compared to the

germination of rice seeds [Oryza sativa var. Uma).

Figure 4.130

Kyllinga pumila

Justicia procumbens

Ixora coccinia

Grewia nervosa

. i% of germinadon
Glycosmis pentaphylla

Euphorbia hirta
INo. of days taken for

Clitoriaterneata germination

Clerodendron viscosum
Chromolena odorata

AXxonopus compressus

20 40 60 80

Figure 4.131

Vernonia cineria 0]

Urena lobata 5.3

Spermacocelatifolia

Otochloa nodosa 21

Ay 0, i i
Oryza sativa 6.5 m% of germination

Opiismenuscompositus
m No. of days taken for

germination

Ochnaobtusata 20

Mimosa pudica
Mikaniamicrantha

Memecylone umbellatum 81.

20 40 60 80 100

The ground flora of the unweeded plantations (Neezhoor and Puthupally] show
the growth and emergence of plants like Ixora brachiata and Memecylone umbellatum
which are zoochorous species eaten by animals. A list of plant species found in the rubber
plantations and their mode of dispersal shows large number of plant species that are found

in the natural flora of the RP areas are zoochorous and dispersed by animals (Table 4.28).
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Chapter 5

Discussion

Qualitative assessment

Floristic composition

Qualitative and quantitative assessments made over a period of three years
of the ‘Rubber plantation’, ‘Open areas’ and the ‘Forest areas’ revealed the presence
of a large number of species. The Qualitative assessment revealed the presence of
" 517 angiosperm species, 1 gymnosperm and 21 pteridophytes in all (Table 4.3
appendix). Such a large number of species has seldom been reported in surveys
made (Yirdaw 2001, Wang et al. 2004). Muthukumar et al. 2006 reported the
presence of 312 species belonging to 103 families (144 tree species, 60 lianas 108
understory plants species) in the tropical rain forest fragments of the Western
Ghats in India, which is also considered a mega biodiversity center of the world.
However, information available on vegetation structure and the flora in the
plantations of Hevea brasiliensis (rubber plantations) is scanty. A report of a survey
made by Abraham and Abraham (2000) of weed flora associated with a few rubber
plantations in Kerala enumerated 72 dicots, 16 monocots which included 12

grasses 2 sedges and 2 ferns.

Out of the 517 species recorded in this survey, 420 species were found in
the rubber plantation areas (RP areas) whereas 115 species were recorded in the
Open areas (OP areas) and 187 species were found in the Forest areas. The least
number of species were recorded in the Open areas (Table 4.4 and Figure 4.1). The

RP areas have a higher disturbance score compared to the OP areas (Table 4.2).
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Edge effect can be seen in the forest sampled.

The Forest areas sampled showed a low disturbance score. Oliviera et al.
(2004) made a detailed study on the edge effec.t of Forests. A similar edge effect was
also observed in the Mundakayam forests sampled in this study. Thenmala and
Mundakayam forest were sampled along the edge of the forest, adjacent to the RP
areas. The Ranni forest in the district of Pathanamthitta is represented by the forest
in Chetheckal in this study. This is a secondary forest adjacent to the RP areas in
Chetheckal and has a low level of disturbance (Table 4.2). According to Laurance
(1991) the edge effects penetrated 300 m into the forest fragments. The present
study penetrated 100 meters into the forest fragment. The presence of several grass
species and pioneer species such as Cyperus rotundus, Cynodon dactylon,
Mitrocarpus villosus, Biophytum reinwartii ,Bracharia ramosa, Chromolena odorata,
Cyathula prostrata and small seeded trees like Abrus precatorius, Ficus exasperata,
Glycosmis pentaphylla and Helectris isora are due to the edge effect of the
fragmented forest and due to the secondary nature of the forest sampled (Table 4.3,
4.7 appendix). Growth of opportunistic species is reported in native eucalypt forests

and at the edge of rainforests (Bean 1994, Wang 1995, Wang et al. 2004).

Studies on the species assemblages of forests by Oliviera et al. (2004)
provides evidence that forest fragmentation leads to the e;stablishment of two
assemblages of tree species. The forest interior holds a rich assemblage of tree
species consisting mostly of shade-tolerant canopy and emergent species. Exclusive
large-seeded tree species are found in the interiors of the forest. These plants are
naturally rare at the local and regional levels. The forest edge, on the other hand,
has an impoverished assemblage of tree species in which, species adapted to

disturbance prevail. Forest edge had twice as many pioneer species as the forest
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interior (83% vs. 37%), and only one third of the emergent species found in forest
interior (Oliviera et al. 2004). Vertebrate-dispersed species were predominant in
the interiors of the forest (Oliviera et al. 2004). Similar observations of the edge
effect and more in this study, such as reduction in seedling recruitment due to
habitat desiccation, and higher rates of adult mortality due to uprooting and
breakage caused by wind turbulence is in conformity with the reports of Tabarelli
et al. (2004). The species assemblage of the Forest areas also included small seeded
trees along with deep forest species such as, Actinodaphne bourdillonii, Bombax
cieba, Careya arborea to name a few (Table 4.3). Melo (2004) accumulated evidence
suggesting that alterations in allocthonous seed rain (i.e. seeds from other habitats)
may reduce the frequency and abundance of large-seeded tree species at the forest
edge and thus drastically alter tree species composition in this habitat. The vast
areas of adjacent RP could provide such an allocthonous seed rain and directly
affecting the recruitment and establishment of large seeded tree species in the
forest edge sampled. Very few tree species that are found in the interiors of the
forest are found in the edge of the forest (Melo 2004). This is because they are
shade-tolerant trees like the members of Sapotaceae (Pennington 1990, Jesus 2001)
that disperse their seeds with the help of arboreal mammals, scatter-hoarding
rodents and occasionally by bats and large birds (Spironello 1999). The species
assemblage of the forest sampled showed the edge effect. They were sites chosen
adjacent to extensive rubber plantations, and were, along the edge of the

fragmented forest sampled.

Relative diversity indicates a slow and gradual vegetation change.

The families having the highest relative diversity index (RDI) in the RP areas

are Fabaceae, Euphorbiaceae,Poaceae, Asteraceae and Acanthaceae (Figure 4.3).
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The top ten families form 40% of the species composition. In the Forest areas the
highest RDI are of the family Fabaceae ,Rubiaceae and Apocyanaceae (Figure 4.5)
and form 35% of the species composition. The families Poaceae, Asteraceae,
Acanthaceae, Commelinaceae and Convolvulaceae have the highest RDI values in
the OP areas and form 61% of the species composi.tion (Figure 4.4). There is a
significantly a larger representation of a few families in the OP areas as compared
to the RP and Forest areas (Figure 4.3, 4.4 and 4.5). Thus the RP area species and
genera composition indicates a changing trend with a higher representation of

Poaceae and Asteraceae members.

Several studies have been made comparing plantations to forests and of the
study of the forest fragmentation and its repercussions on vegetation (Yirdaw 2001,
Wang et al. 2004 and Cremene et al. 2005). Very few studies have emphasized on
inventorying and identifying the complete vegetation, including all the habit forms
(Trees, shrubs, herbs, lianas etc.). None of the studies include detailed qualitative
floristic identification and listing of species. Hence relative diversity has not been

included in those studies.

The families having the higher RDI values in the Forests sampled are
Fabaceae, Rubiaceae, Apocynaceae, Malvaceae and Poaceae (Figure 4.5). Morley
(2000) reported Euphorbiaceae, Fabaceae, Lauraceae and Rubiaceae are among the
most dominant rain forest families world-wide. Comparison of the understory
vegetation of plantations and adjacent natural forests in the Ethiopian highlands
have shown that although the number of understory species in the natural forests is
not significantly different from the plantations, despite a four times larger plot size,

a much higher percentage of plants found in the natural forests were native species
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while on the other hand the plantations harbored more widespread weed species

(Michelsen et al. 1996).

The changing vegetation of the RP areas show the invasion of wide spread
weed species. The high RDI of Poaceae in the RP areas is indicative of such a change
(Figure 4.3). The understory of the RP plantations, showed a higher RDI for the
families Fabaceae and Euphorbiaceae. This is similar to the findings of Yirdaw’s
(2001) where he found a larger presence of the family Rubiaceae in the understory
of the plantations. A higher RDI index value means a higher representation of the
family in the region. The RP area has a higher representation of families with a RDI
value less than 1 (Figure 4.6). This means there is considerably larger number of

families represented by a single genera and a single species.

Disturbance and non-disturbance can result in increase species richness.

The individual sites samples showed a wide range of variation in their
history and number of species (Figure 4.2). The sites have different histories and
were evaluated for their level of disturbance (Table 4.2). Neezhoor and Puthupally
plantations are unweeded for the past seven years. The other four sites viz.
Pampadi, Chetheckal, Mundakayam and Thenmala were mechanically weeded
plantations. Pearsons correlation using QED version 1.1 (Henderson and Seaby
2007) showed that there was no significant correlation between disturbance and
the number of species in these rubber plantations (r = 0.35, t =0.74,DF=4,P =
>0.05). The highest number of species was found in Chethekal with 180 species,
followed by Neezhoor plantations with 179 species (Table 4.8). The histories of the
management of these plantations differ. The Chetheckal plantations are weeded
plantations while the Neezhoor plantations are unweeded plantations (Table 4.2).

Puthupally which is also an unweeded site is also species rich, with the presence of
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156 species (Table 4.8). Comparison made in a similar manner between cleared
grazing land and plantations by Wang et al. (2004) showed that geographical

spread of the site and preplanting management history confounds the comparison.

The high species richness (number of species) in the Chetheckal plantations
can be an outcome of its topography and disturbance. Chetheckal are weeded
plantations situated on a higher elevation than the rest of the plantations sampled
(Table 3.2). Several studies have supported the view that disturbance encourages
the growth of more species (Gough et al. 1994, Lewis et al. 1988, Kammer and M&hl
2002). Toumisto and Poulsen (2000) are of the view that while species composition
and distribution patterns can be readily explained by topography, differences in the
species compositions among the sites must depend on more local factors. The
“more individuals” hypothesis suggests th:'at species richness is positively
correlated with the number of individuals, which in turn varies with energy
availability (Currie and Paquin 1987, Currie 1991, Gaston 2000). Availability of
both energy and nutrient resources are drastically different across developmental
stages in forests. The number of individuals and species richness should be greater
in recently disturbed forest habitat (Toky and Ramakrishnan 1983). The presence
of higher species number in Neezhoor however cannot be explained by disturbance
as these are unweeded areas. A similar high species number is also found in
Puthupally. Here a lack of disturbance must be increasing heterogeneity in the
habitat and thereby increasing species richness of the area to its pre-disturbance
levels. Historical or random effects could also play a role (Ricklefs 1987). In studies
of the Amazonian forest by Loya and Jules (2008) showed that the initiation plots

were the most species rich, while Old-growth plots were the least rich. The
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differences in the species richness of these areas can be correlated to the

availability of energy and nutrient resources.

Each habitat may have idiosyncratic dynamics; within-stage sampling'
efficacy may differ across habitats. A large number of species is found in the sites
sampled in the RP areas, in both the disturbed and undisturbed sites. Comparisons
across forest stages amount to comparisons across habitats. In a study made by
Loya and Jules (2008) of the forest understory species composition in Amazonian
forests they found that the disturbance regime creates a patchwork of forest blocks,
each at various stages of stand development and, therefore, a mosaic of habitats
variously suitable for forest understory species. Insufficient sample size can be
ruled out because the species-area curves at all sites, level off well before the full
sample size. The species area curves of each sampled site in this study (data not
included) validates the adequacy of the sample size. It seems unlikely that the
floristic results would change even if the sample areas would be significantly

increased.

Weeded plantaions VS unweeded plantations

Unweeded areas regenerate a large number of pioneer tree species

The rubber plantations of Puthupally and Neezhoor were kept unweeded
for a period of 7 years to see if the vegetation can be restored to its pre- disturbance
levels. In principle this should allow more growth of natural and native species. A
comparison of the species composition of weeded sites ( Chetheckal, Mundakayam,
Pampadi, and Thenmala) and the unweeded sites (Neezhoor and Puthupally) has
shown that the weeded sites and the unweeded sites have both 61 species each,
which are(in all the six locations) exclusively found in these areas, whereas 92

species are found common to both the areas. The species composition of the
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unweeded areas shows the presence of some tree species such as Ficus hispida, Olea
dioica, Ochna obtusa, Salacia oblonga, Salacia fruticosa, Strychnos nuxvomica,
Syzygium caryophyllatum, and some rare species such as Memecylone randerianum,
Glochidion zeylanicum, Glochidion ellipticum, and Dalbergia horrida (Table 4.3
appendix ).The species composition of the weeded sites showed the prevalence of
more herb species especially the pioneer species. There are very few tree species in

these sites.

Disturbance in the form of the preparation of the land by felling the timber,
plouging the land will have its effect on the vegetation of these plantations.
Ploughing leads to the complete destruction of top soil morphology and lays bare
the underlying mineral soil. The following processes have the character of
secondary succession, which will not necessarily lead to the restoration of the
destroyed communities (Bobeic 1998). The forestry management may be a factor
underlying, the site homogenization. The destruction of humus horizons caused by
land preparation could contribute to disappearance of specific microsites,
responsible for the community mosaic character (Aleinikrova et al. 1979, Kolasa
and Biesiadka 1984, Palmer 1994). The re-growth of several tree species and rare
species in the unweeded sites is an indication of change in species composition of
the vegetation. A change in species composition precedes any change in the overall
structure of the plant community (Codit et al. 1996). Late colonizing species (such
as tree species in this study) and the gradual expansion of remnant populations
have accounted for these changes is also supported by similar studies made by
Halpern (1989). Studies in the forest plantations in the Afromontane region of
Ethiopia facilitate the colonization and establishment of native woody species and

eventually the restoration of diverse forests (Yirdaw 2001). Because some species
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may recover slowly after disturbance (Moola and Vasseur 2004, Donohue et al.
2000), their persistence across the landscape, will be dependent on several key
factors, including rate of population increase, propagule abundance and dispersal
mode. Species-specific differences in recovery are influenced by many factors,
including habitat suitability (Gustafson and Gardner 1996, Vandermeer and Ricardo
2001, Bruno 2002), dispersal limitations (Matlack 1994, Clark et al. 1998; Sillett
et al. 2000, Jacquemyn et al. 2001, Honnay et al. 2002), germination limitations
(Primack and Maio 1992, Jules and Rathcke 1999, Dalling et al. 1998, 2002), and
interactions among these factors (Verheyen and Hermy 2001). Investigations of
distribution, colonization and extinction of plant species along the Rhine in the
Netherlands have shown that for some species both colonization and extinction are
affected by distance between localities (Ouborg 1993). Studies on the effect of
logging on Redwood forests (Loya and Jules 2008) have shown that the recovery of
some species is slow in managed forests. There is some evidence that at least
ectomycorrhizal fungal communities are able to recover rapidly after logging,
though composition is altered (Jones 2003). Long-term regeneration processes take
more than one year to occur (Benitez-Malvido et al. 2001, Ben"itez-Malvido and

Mart'mez-Ramos 2003).

The abandonment of vegetation in the RP areas leads to a species
compositional change which indicates restoration towards a pre-disturbance level.
This also leads to higher species richness. Whether this change can restore the
vegetation to the pre-disturbance levels needs to be investigated further. The
differences of these past findings may result in part because community recovery is
system specific and influenced by numerous biotic and abiotic factors (Halpern

1989, Roberts and Gilliam 1995, Roberts 2004).
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Isolation of Thenmala rubber plantations has led to lower species richnes
Thenmala plantations are 8 km well within the forest. Table 4.8 shows that
Thenmala RP has the lowest number of species (63 plant species) as compared to
the other RP areas sampled. The species composition of this area shows that there
are several pioneer species such as Achyranthus aspera, Axonopus compressus,
Centella asiatica, Commelina attenuata, Cyathula prostrata, Cytococcum oxyphyllum,
Justicia procumbens, Spermacoce latifolia, Urena lobata etc which are also reported in
all the other plantations. When compared to the adjacent Thenmala Forest samples,
there are only 12 common species viz. Bracharia ramosa, Centrosema pubescens,
Chromolena odorata, Cynodon dactylon, Cyclea peltata, Cyperus rotundus, Desmodium,
gangeticum, Desmodium triangulare, Mitracarpus villosus, Oplismenus compositus,
Selaginella delicatula and Smilax zeylanicum. A majority of these species are pioneer
species characteristic of a successional vegetation and are not deep forest species. As
the plantation is situated well within the forest one would expect more deep seated
forest species in these plantations. Instead the species composition resembles a
disturbed habitat. The few species that are common to the Thenmala RP and the

Forest area are also typically, those of the edge effect of a forest.

Pioneers colonize an area only because small (< 10 mg) seeds are present in
immense numbers (Graza and Howe 2003). This can explain the presence of a large
number of pioneers in Thenmala RP areas and their invasion into the surrounding
forest within which the plantations are situated creating an effect similar to the
edge effect in the forest. The experimental removal of palms, herbs, and ferns can
result in an increase of light-demanding tree seedling species and a decreased
recruitment of shade-tolerant, large-seeded tree species (Ben’itez-Malvido and

Mart'inez-Ramos 2003). Furthermore, small lianas have been observed to climb

{
i 230

el



Chapter 5: Discussion

tree seedlings affecting their vigor (Vleut and P’erez-Salicrup 2005). Understory
vegetation may affect plant density independent of species or may differentially
influence emergence and survival of certain type of species, thereby influencing the
composition and spatial structure of the “seedling” bank (Denslow et al. 1991,
George and Bazzaz 1999, Svenning 2001). The pioneer species may interfere with
tree seedling establishment through resource competition (i.e., space, nutrients,
water, or light) and environmental modification (Denslow et al. 1991, George and

Bazzaz 1999, Svenning 2001, Harms et al. 2004).

The low number of species in the Thenmala plantations (Figure 4.22) could
be attributed to the low availability of diaspores which can establish themselves in
these plantations The limited dispersal of large-seeded as compared to small-
seeded plant species suggests that many restoration sites will result in retarded or
even arrested development, in which sites are overwhelmingly composed of small- '
seeded pioneer species (Wunderle 1997). In older plantations the shade provided
by tree plantations protects the tender seedlings from excessive exposure to
sunlight and high ground temperature and therefore reduces the mortality of the
seedlings due to moisture stress. This does not happen when plantations are young
as found in the Thenmala plantations. Liberman and Li (1992) also reported that in
the dry forests of Ghana, sheltered and well-shaded sites had consistently high
seedling densities, while exposed sites had low densities. Parrotta (1995) has found
a significant negative correlation between understory species richness, seedling
density and litter depth, especially for orinthochorous species. Litter accumulation
acts as a progressively severe barrier to the regeneration of small-seeded tree and
shrub species. Large seeds are more likely to be dispersed over shorter distances

than small seeds and are therefore expected to have a lower rate or likelihood of
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colonizing sites (Yirdaw 2001). Jones et al. (2003) provided evidence that high
impact of soil disturbances associated with logging may distort community
development dynamics in ways that prevent recovery of pre-logging forest
conditions. In a similar study by Yirdaw (2001) in the plantations of Pinus patula,
Cupressus lusitanica, Grevillea robusta, and Juniperus procera, and in surrounding
natural forests in Wondo Genet, Ethiopia, the primary canopy species were poorly
represented or absent, while the pioneer and secondary sub-canopy species

dominated in the undergrowth (Yirdaw2001).

When resource levels are low, competitive response ability, i.e. an ability to
avoid or withstand interactions with other species or individuals becomes more
important (Aarssen 1983, Goldberg and Landa 1991). A reduction in species richness in
the Thenmala RP areas reflects a comparatively larger pool of species possessing strong
competitive response ability. This is in agreement with similar studies reported
(Hodgson 1987, Zobel 1992, Eriksson 1993). Plant traits such as plant height and seed
size are correlated with competitive abilities in turn creating competitive hierarchies
(Gaudet and Keddy 1988). All the above attributes of the vegetation dynamics explain

the low number of species found in the Thenmala RP areas.

Presence of several growth forms and the vertical stratification in rubber
plantations indicates their ability to regenerate forests.

Forestry management can lead to the disappearance of a highly structural
character in natural forest communities (Bobeic 1998). RP areas show 218 herbs,
104 shrubs, 95 trees and 3 epiphytes (Table 4.9). The vertical stratification shows
all four growth forms present in the understory of the RP areas sampled viz.
ground layer, shrub layer, understory layer and canopy layer. Figure 4.7 shows that

this vertical stratification is present in similar proportions all the three types of
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areas sampled (RP, OP, and Forest). There are 22 species of climbers in the RP
areas, 11 climbers in the Forest areas and 6 climbers found in the OP areas sampled

(Table 4.11).

Presence of a large number of herbs and climbers in the RP areas as
compared to the OP and Forest areas (Figure 4.7) is a vegetation response to
disturbance. Several studies ecological studies on climbers have been made. The
abundance and ecological characteristics of climbers can be used to distinguish
different intensities of disturbance in the rain forest (Garrigues 1999). In
undisturbed thickets, the number of climbers increased with the area of the
undisturbed thickets, but climbers were poorly represented in disturbed thicket
(Puyrvaud et al. 2003). Also under severely disturbed conditions, the age class
distribution of colonizers may be narrow, while individuals of diverse ages are
found where disturbance is less severe (Kunwar and Sharma 2004). Presence of
larger number of young climbers of a similar age class is an indication that the

disturbance is severe.

The number of herbs is higher than the shrubs and the trees in the RP and
OP areas whereas the forest areas show a larger number of trees and a
comparatively smaller number of herbs (Figure4.7). Disturbance in the form of
weeding, pre-planting procedures of land preparation, fertilization and mechanical
stress due to pathways in the plantations led to the invasion of species with large
ecological amplitude in these plantations. Notwithstanding a disturbed species
composition the vertical stratification of the RP areas indicates a potentiality for
regeneration of a diversity of plants and life forms. The presence of 51 tree species
as compared to 6 tree species found in the OP areas and 44 understory species as

compared to 12 in the OP areas (Table 4.10) is a strong evidence for its
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regeneration ability. The understory of tropical rain forests is characterized by a
high diversity of plant species and growth forms such as tree seedlings, palms,
shrubs, lianas, and herbs (Gentry and Dodson 1987, Benitez-Malvido 2006). Forest
plots thus harbor more species at both local and regional scales (Gotelli and Ellison
2002). Studies on the harboring of species by plants that belong naturally to a
habitat versus exotic plantations have shown that a larger amount of native flora
diversity was found in Hardwood plantations as compared to the exotic Pine
plantations (Gill and Williams 1996). Similarly Old plantations and native
eucalyptus forests also support a large amount of native flora diversity. Although
Hevea brasiliensis is an exotic tree species introduced in India the presence of
several native floras and their diversity in growth forms and vertical stratification

indicate that these plantations have the ability to regenerate forests.

Similar to earlier findings by Toky and Ramakrishnan 1983, Currie and
Paquin 1987, Currie 1991 and Gaston 2000 the growth of several tree saplings and
several growth forms in RP could be supported by the high nutrient levels in the
soil and shade conditions which protects growing saplings from excessive exposure
to sunlight. A mature rubber plantation is an excellent repository for mineral
nutrients which is comparable to that of native forests (Akhurst 1933, Shorrocks
1965, Samarapuli 1996, Morris and Lau 1990, Krishnakumar et al. 1991). However
the closing of rubber canopy results in the death of these saplings over a period of
time. Several studies have found that trees influence the lower vegetation through
over shading (Beatty 1984, Tyler 1989, @kland 1990, Piro'znikow 1991, Bobiec
1994 ) and a supply of differentiated litter (Aleinikova et al. 1979, Riha et al. 1986,
Pallant and Riha 1990, Peterson and Facelli 1992 and Peterson and Campbell

1993) influence on chemical properties of stem flow and canopy through fall
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(Boerner and Koslowsky 1989, Koch and Matzner 1993) as well as the water

regime modification (Sokotowski 1966).

Among the growth forms sampled the number of epiphytes was low in all
the three areas (Table 4.9). The forest areas were along the periphery of the forest
adjacent to the RP areas sampled. The edge effect could be the reason for the small
numbers of epiphytes sampled in them. Also the presence of large number of trees

on which the epiphytes grew was inaccessible and hence could not be sampled.

Quantitative studies
Sampling grain and Sampling intensity

A lack of uniformity was found in the areas sampled as the areas (RP, OP
and Forest) were varied in size and nature. The RP areas are much vaster than the
OP areas. The areas of the OP were ill defined and the size ambiguous (Table 4.2).
Sampling scale has been a significant problem in the assessment of the effects of

habitat modification on rainforest biota (Hamer and Hill 2000).

In this study quadrats were repeated over a temporal and spatial scale' over the
area chosen. Samplings were taken at regular intervals of time and space. The effect of
habitat modification recorded at a single spatial scale is not representative of all scales
(Gardner 1998). The quadrat size was determined by the species area curve for herbs,
shrubs and trees (Table 4.1). Too large a quadrat gives little information about within-
community variation, because it averages over many I;'IiCI'OSiteS. It cannot indicate the
consistency of species ranks. Neither can a large quadrat examine the community structure
at the spatial scale on which species interaction takes place (Watkins and Wilson 1994). In
order to make a regional comparison of sites far apart, it is better to sample the local

variation at each site as completely as possible (Tuomisto and Poulsen 2000).
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The forests sampled had a vegetation structure which included a large
number of trees. The dispersion patterns of the three areas shows that a large
number of species show an aggregate dispersion pattern in all the three areas

(Figure 4.21).

The RP areas have been sampled extensively at a landscape level, in order to
reach the asymptotes for the species accumulation curve. To make comparisons
feasible a single sampling grain was chosen for the herb, shrub and tree quadrats
for all the sites (Table 4.1.). Species accumulation curves were used to reiterate the
adequacy of the sampling effort. The all sample index of the RP, OP and Forest areas
are 216, 160 and 168 respectively (Figure 4.23, 4.24. 4.25). The larger number of
species obtained in the RP areas can be explained by the species area relationship.
Species-area relationship is one of the most robust generalizations in ecology (Holt
et al. 1999). That the number of species increases with sampling area has long been
considered a “genuine law” of ecology (Schoener 1976). Additional sampling effort
can yield an increase in numbers of species (Stohlgren et al. 1997, Gimaret-

Carpentier 1998).

Sampling intensity required to depict floral communities realistically is an
important concern of environmental protection and impact analysis (Stele et al.
1984, Miller and White 1986). The three year intensive survey takes into account
both temporal and spatial scale of sampling and reinforces the adequacy of
sampling. Summerville and Crist (2005) concluded from a 3-year survey of an old-
growth deciduous forest that increased sampling effort among seasons, yielded

greater accumulation of new species, than did additional years.

Quantitative assessment of the RP areas shows an all sample index of 216

(Figure 4.23). This is much lower than the number of plant species observed in the
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qualitative assessment (420 species in the RP areas alone Table 4.4). This is an
indication of a large number of plants in the rubber plantations are with very low
abundance. This could be the reason for which they could not be included in the
samples. Based on empirical observations it is also widely recognized that species
richness decreases with the increase of species dominance in a given area i.e. with
increase in unevenness in species abundances (Bazzaz 1975, Huston 1979, Armesto
and Pickett 1985, Crawley 1997). Further species richness in an area greatly
depends on the distributional patterns of species (Williams 1943, Janzen 1970,
Connell 1971, Crawley 1997, Ney-Nifle and Mangel 1999). He and Legendre (2002)
found species richness higher if the species were randomly distributed and lower if
there was spatial aggregation of species. The lower number of species encountered
cannot be due to the aggregate pattern of dispersion found in RP areas, where 68%
of the plant species show an aggregate dispersion pattern (Figure 4.21). The OP
areas and the Forest areas sampled have also shown a high aggregation of 71% and
64% respectively (Figure 4.21). The quantitative sampling of the OP areas has
yielded an all sample index of 160 species (Figure 4.24) while the qualitative
assessment shows a lower number of 115 species (Table 4.4) and thus less than the
quantitative sampling. The Forest areas show an all sample index of 168 (Figure
4.25) whereas the qualitative assessment reveals 187 species (Table 4.4). These
discrepancies cannot be due to sampling error and lack of detectibility of the
species in the survey as the sampling has been spatially and temporally extensive

and the adequacy of the sampling has been supported by further statistical analysis.
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Relative abundance and Rank on Abundance

Rank on abundance plots indicates high species richness and low evenness
and suggests a log normal distribution in RP areas

The graphical output of the species number index of the three areas
(Figures4.23 - 4.26) indicates a wide variation in the number of species found in the
samplings of RP, OP and Forest areas. The presence of only two species in the
quadrat samplings of the RP areas (Figure 4.23) show, the very low abundances of
plants found in these areas. A large number of species were found in the quadrat
samplings of Ranni (Chetheckal) secondary forest (Figure 4.26). The mature
tropical forest area did not show much variation in the number of species found per
sample indicating a more even distribution of plant species in the Forests (Figure
4.26). A maximum of 35 species were recorded in all the RP, OP and Forest areas
(Figures 4.26). Species richness alone cannot be a measure of diversity. The relative
abundance of species is a basic aspect of a community structure (Watkins and
Wilson 1994). Measures of species diversity based on relative abundance, as well as
richness, is necessary to capture the full complexity of diversity in conservation
studies and in experiments of biodiversity and ecosystem functioning (Wilsey et al.
2005). Tuomisto and Poulsen (2000) have shown that differences related to
drainage and other environmental factors observed at a local spatial scéle are more
reflected in the relative abundances of the pteridophyte species than in their

presence or absence.

The first step toward a plant diversity analysis is the plotting of the rank on
abundance plot (RA plot. The RA plot gives an insight into the structure of the
community. The shape of the RA plot of the RP areas suggests that, there is high

dominance of a few species and a low evenness as compared to the OP and the
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Forest areas (Figure 4.27). There are a large number of plant species that are rare
(lower in abundance). In the RA plot of all the subsamples, the RP areas lies well
above those of The OP and Forest areas, indicating higher dominance of certain
species but low evenness( Figures not included).The RA plots of all the RP
subsamples are similar with the exception of Thenmala which shows a low species
richness and evenness. The RA plots of these unweeded RP areas (Puthupally and
Neezhoor) indicate vegetation change with more evenness and lower dominance of
a few species (Figure 4.28 and 4.29). The Chetheckal RP areas also show a lower
dominance of species and more evenness. These areas are first generation
plantations found adjacent to the Ranni Chetheckal forest. Presence of a larger
number of forest species can be seen in the species composition of this area. Plants
like Chasalia curviflora, Rauwolfia serpentina, Geophylla repens ,Stercularia guttata,
Naragamia alata (endemic), Psychotria niligiriensis (endemic),Terminalia
paniculata, and Tiliacora acuminata are indicative of a species composition which
was once characteristic of the area and which are now remnants (Table 4.2,

4.3(appendix)).

Species richness

Species accumulation curve and extrapolations based on it indicate samplin

adequacy, low habitat heterogeneity of RP areas and quantifies accumulation
patterns of species assemblages in the RP, OP and Forest areas.

Species accumulation of the RP areas (Figure 4.31) is slow as compared to
the OP and the Forest areas (Figure 4.32, 4.33). A Snax of 216 spe&es accumulated
with 92 samplings (Figure 4.31) whereas the Syax of 168 species accumulated in the
Forest areas with 35 samplings (Figure 4.33) and Smax of 160 species were
accumulated in the OP areas with 27 samplings (Figure 4.32). The number of

species or the species richness in a species assemblage is a significant measure of
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biodiversity at the habitat level (Bunge and Fitzpatrick 1993, Colwell and

Coddington 1994, Mao and Colwell 2005).

The species accumulation curve of the areas quantifies the accumulation
pattern of each of these areas and facilitates comparison of the three areas which
are unequal in size .The different accumulation patterns is because of the difference
in the environments due to different anthropogenic disturbance leading to different
rates of species increment. Sanders (1968) observed that different environments
tend to have characteristic rates of species increment. Quantifying accumulation
patterns would facilitate comparison of species assemblages in different regions
(Kilburn 1966, Buys et al. 1994, Sanders 1968, Colwell and Coddington 1994 and
Gotelli and Colwell 2001) or in landscapes subject to different levels of natural or

anthropogenic disturbance (McNaughton and Wolf 1970, Aspinall 1988).

The species accumulation curve without randomizations is not smooth and
appears to level off at various levels (Figure 4.34). They smoothen with just 10
randomization tests (Figure 4.31). Randomization tests explicitly factor sample
abundance into the test (Crist et al. 2003). This indicates that the RP areas are
patchy and hence the slow acquisition of species but they are less heterogenous and
hence curves are easily smoothened with a few randomizations. As sampling sites
were added the species accumulation curve of the RP areas increased slowly but
steadily. Ugland et al. (2005) opined that analysis of large communities should be
done by a successive addition of predefined subsets of samples. Plotting the
resulting accumulation curves in a common diagram usually will reveal
heterogeneity between subsamples. According to them, this is a general feature of a
counting process (over space or time), that keeps record of new objects being

generated by an unobservable process. Discontinuities in the accumulation curves
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can be explained by changes in habitat heterogeneity. The species accumulation
curve of the RP areas (Figure 4.34) has shown discontinuity which can be explained
by habitat heterogeneity. A few randomizations also smoothens the curve
indicating low heterogeneity in these areas (Figure 4.34). Studies on the
pteridophyte diversity and species composition in four Amazonian rain forests have
shown that differences in species richness include the physicochemical
characteristics of the soils and the degree of spatial heterogeneity in soils and
vegetation, both within the transects and in their vicinity (Shmida and Wilson 1985,
Toumisto and Poulsen 2000). The larger coverage of area along with some habitat
heterogeneity and patchiness of the habitat is the reason why larger number of

species are found in the RP areas sampled as compared to OP and the Forest areas.

The nature of the accumulation curve of the three areas in this study also
shows that there are differences in the underlying abundances of the species,
habitat heterogeneity and spatial aggregation. Several studies have shown that
the performance of species accumulation curve also varies with the underlying
relative abundance distributions (Keating and Quinn 1998), spatial aggregation
of species (Baltana’s 1992) and habitat heterogeneity (Colwell and Coddington

1994, Lande et al.2000).

The species accumulation curves based on the area sampled (each sub-
sample) did not stabilize well in each subset with approximately 15 quadrat
samplings The curves approach near asymptotes in each stage, after which the
species acquisition was very slow hence the sampling was suspended for that
region. Comparisons of observed counts and estimated species richness as a
function of sampling effort showed that the count data had a lower intercept and a

steeper slope than the estimated richness (Cam et al 2002). Sampling was
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continued till an asymptote was reached in the RP areas. Thus 92 samplings
covered RP areas at a landscape level. A general observation that a species
accumulation curve is used to estimate the expected number of new species to be
detected, given a level of additional sampling effort, can lead to efficient planning
and sampling protocols (Soberon and Llorente 1993, Colwell and Coddington 1994,
Moreno and Halffter 2000, Shen et al. 2003). Relative sizes of a, {3, y components of
diversity between different landscapes or regions require rarefaction to
standardize data to an equal sample size (Gotelli and Colwell 2001). Although
species accumulation curves are routinely used statistical treatments are sparse

(Mingoti and Meeden 1992, Ugland et al. 2003).

Species richness estimations

Non-parametric species richness estimations established adequacy of
sampling and the low abundance of a large number of plant species in rubber
plantations.

Non parametric species richness estimates were made and their values
tabulated (Table 4.22). The asymptotes of the species richness curves indicate
sampling adequacy on one hand, but it has been observed that these estimates (Smax)
are much lower than the number of species obtained in the qualitative assessments in
RP area where the S i is 420 plant species (Table 4.4). In spite of an intensive spatial
and temporal sampling covering an extensive area at the landscape level this
discrepancy must have arisen due to the low abundance of rare species found in the
RP areas. The very low abundances of the rare species (in this case rare in numbers,
referred to as, singletons and doubletons by species richness estimators) must have
resulted in their non-sampling in the RP areas. Such discrepancies are not found with

regard to the non parametric species richness estimations of Forests and the OP areas
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in which case the Smax and Sebs is higher than the S e (as in OP areas ) and nearly

equal to in the Forest areas.

Use of richness estimators can improve our evaluation of how disturbance
impacts biological diversity and will be a standard component of future studies (Loya
and Jules 2008). While density is influenced by various factors, including elevation,
soil type, dominant and associated species and human activities (Shrestha 1998),
climatic factors, environmental stability, land use and area and habitat heterogeneity
are the factors often are found determinants of variability in species richness (Spies
and Turner 1999, Kunwar and Sharma 2004). Loya and Jules (2008) have shown that
the use of species richness estimators improves evaluation of understory plant

response to logging.

Rarefaction

Rarefactions show that species richness is significantly lower in rubber
plantations than in Open areas and Forest areas and that unweeded RP are
undergoing a change in species composition.

In rubber plantations the number of species that can be expected from a
randomly chosen subset is significantly lower than that of the Open areas and the
Forest areas because a subset of 30 individuals yields 5.75 species in the RP
whereas one can expect 19 species and 17 species from a similar subsets in the OP

and Forest areas respectively (Figure 4.66, 4.67 and 4.68).

Richness estimates used to compare communities should be derived
from effort-independent estimator curves. Richness estimates in sampled
communities may differ due to differences in abundance of individuals. Hence
standard statistical techniques for comparing species richness may be

misleading (Colwell and Coddington 1994, Chazdon et al. 1998). One community




Chapter 5: Discussion

may be more or less thoroughly sampled as compared to another using the same
number of plots in each community if the number of individuals affects
estimates of richness. A good estimator is one that becomes independent of
sampling effort relatively early, remains stable, and is little affected by species
patchiness or sample order (Gotelli and Colwell 2001). Rarefaction techniques
scale species richness estimates by individual abundance levels (Colwell and

Coddington 1994, Gotelli and Colwell 2001).

Rarefied species richness is the expected number of species for a given
number of randomly sampled individuals (McCabe and Gotelli 2000) and facilitates
comparison of areas in which densities may differ. Rarefaction curve is the only
diversity measure that is sensitive to rare species and unbiased by sample size
(Smith and Grassle 1977). Rarefaction re-scales the x-axis to the number of
individuals based on the average number of individuals per sample. It is based on
the hyper geometric distribution, sampling without replacement from the observed
collection. Unlike species-area relationships, samples need not be area-based
because rarefaction explicitly controls for differences in the numbers of individuals

among samples (Brewer and Williamson 1994, Gotelli and Colwell 2001).

216 species were found in the RP areas when 7268 individuals were
sampled (Figure 4.63). In OP areas 168 species were obtained from 2265
individuals (Figure 4.64) whereas 168 species were found when 1575 individuals
were sampled (Figure 4.65). The sample based rarefactions show that from a subset
of 30 randomly chosen individuals 5.75 species can be expected in a RP area (Figure
4.66). That the species richness of the RP areas is less as compared to the OP and
the Forest areas is evident from the pooled rarefaction and sample based

rarefaction. The sample based rarefaction of OP areas show that 19 species can be
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expected in a subset of 30 randomly chosen individuals (Figure 4.67) whereas in
the Forest areas 17 species can be expected from a subset of 30 randomly chosen
individuals (Figure 4.68). The pooled rarefactions (Figures 4.64 and 4.65) show that
the Forest area more species rich than the OP areas because the ratio of the number
of species to the number of individuals is higher in the Forest areas than the OP
areas (168 species: 1575 individuals sampled in the Forest VS 160 species: 2265

individuals sampled in the OP areas).

Disturbance is known to have a strong effect on abundance so it is
important to disentangle the effects of disturbance on species richness by rarefying
(McCabe and Gotelli 2000). In the graphical presentation of both pooled and single
sample rarefactions (Figures 4.63-4.68), curves are plotted using the accumulated
number of individuals, and not the accumulated number of samples, as suggested
by Gotelli and Colwell (2001). This also removes the false perception of higher
species richness due to high stem densities even when comparisons are based on
standardized methods and identical sampling protocols (Cannon et al. 1998, Gottelli

and Colwell 2001).

A similar parallel can be seen in tﬁe results of the weeded and unweeded
areas 154 species were found when 2628 species were sampled in the unweeded
RP plantations (Figure 4.70), whereas the same number of species (154 species)
was obtained only when 4704 individuals were sampled in the weeded areas of the
RP ( Figure 4.69 and 4.70). Thus in the weeded areas there is the false perception of
richness due to more number of individuals which in turn could be a direct outcome
of disturbance withstood by these areas (OP area and weeded RP area). This also
explains the species richness observed earlier in the qualitative assessments in the

weeded and unweeded areas. It is evident that the species richness apparent in the
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weeded areas is more due to the higher number of individuals. This apparent
richness can be explained by the ‘more individual’ hypothesis which suggests that
species richness is correlated with the number of individuals (Currie and Paquin

1987, Currie1991, Gaston 2000).

Dominance diversity relation (Species abundance distribution curves)

DD curves indicate adequate sampling size and samplin equacy and alo

series distribution in the RP areas

The goodness of fit tests shows that the vegetation of the RP areas fit a log
series distribution as well as lognormal distribution pattern (Figure 4.73). The RP
areas have been extensively sampled and this has resulted in the inclusion of
several rare species which fell below the veil line. The dominance of grass species
such as Axonopus compressus, Cytococcum patens, Cyrtococcum oxyphyllum,
Oplismenus compositusans, Cynodon dactylon and Scleria corybosa is a result of the
availability of suitability of niche and resource apportionment. The very low
abundances of the rare species (21.5 species behind the veil line Table 4.24) are
resulting in a change in the composition of the species. This change has been
brought about by disturbance. Elimination of several species and invasion of
several species with high abundance value has resulted in a species composition
that is dominated by a very abundant species. This has resulted in low evenness and
comparatively high dominance of a few species ecologically and numerically. SAD
curves are resource-apportioning models based on ecological theory (Wilson 1991,
Kunwar and Sharma 2004). The resource-apportioning models can be seen as
applying over ecological time or evolutionary time (Pielou 1975). In ecological-time
models, the abundances are seen as a result of competition and other ecological

interactions. In evolutionary-time models the abundances are seen as innate
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properties of the species, a result of co-evolution (Wilson 1991).The RP vegetation
can be viewed as undergoing change in ecological time. The dominance of grasses
and pioneer species is a result of competition and low availability of resources and
other ecological interactions such as lack of habitat heterogeneity, poor seedling

bank, thick leaf litter, allelopathy etc.

The species richness and density of the ground flora is indicative of
changing environment with a top down control. On one side elimination of species
is taking place and on the other side invasion of species that are more abundant and
with higher ecological amplitude is taking place. This is resulting is homogenization
of the vegetation and lack of heterogeneity of the habitat on one hand and
succession with a natural tendency to a lognormal distribution on the other.
Dominance-diversity relationship change along gradients has been studied by
ecologists (Whittaker 1965, Bazzaz 1975, Gosselink and Turner 1978, May 1981).
However the pattern of evenness and relative abundance varying along gradients
has not been studied (Weiher Keddy 1999). All the individual sampled sites (the
sub sampling) show a log normal distribution (Figure 4.76 - 4.89).The Mundakayam
forest data fits both lognormal distribution and Broken stick model indicating high

evenness in the vegetation.

The diversity distribution curves also show the adequacy of the sampling size.
Evenness declines with species richness (Wieher and Keddy 1999). Increasing
quadrat size will increase the total biomass and the relative abundance of the most
minor species will tend to decline because most of the added biomass will come from
more dominant species. Therefore evenness is scale dependent (Weiher and Keddy
1999). The relationship between topography and patterns in the diversity and

abundance of trees has been studied in a large rain forest plot in Borneo, and there
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topography was found to explain the variation only to a low degree (He et al. 1996).
In general, species richness and the density of individuals were not nearly as readily
explained by topography as were species composition and distribution patterns.
Many species showed similar distribution patterns in relation to topography

(Tuomisto and Poulsen 2000).

Logmormal distribution on one hand has been described as almost
ubiquitous for communities at stable equilibrium (May 1975, Hughes 1986, Gray
1987), especially in communities of high species diversity (Whittaker 1965, Huges
1986) and on the other hand, Lambshead and Platt (1985) stated that lognormal has
never been found in undisturbed ecological samples. Geometric fits where species
richness is low (Whittaker 1965, 1972, Pielou 1975, Gray 1987). The pooled samples
of the OP and the Forest areas show a lognormal distribution whereas the RP areas fit
a log series distribution as well as lognormal distribution indication disturbance and
change in its vegetation composition. Chetheckal , Mundakayam, Pampadi and
Thenmala also fit the log series distribution sub samplings. These are weeded areas
and undergo high disturbance. All the subsamples of the OP areas also fit the log
series .The OP areas of Thenmala, Mundakaym and Puthupally also fit the geometric

series indicating lack of evenness and succession.

The abundance measure used in this study include counts and included all
plant species because as reiterated by Wilson (1991) extreme points are
particularly important for the fitting of several of the models. Although these
models do not support any theory , their importance is lies in that fact that all
ecological studies that strive for generality are part of a search for repeated,
recognizable and explicable (Pielou 1975). To do science is to search for repeated

patterns {Mac Arthur 1972). The dominance diversity relation differs with spatial
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scale but ecological processes will be different at large scales (Wilson 1991). The
ideal would be to replicate a small scale to be a mean of several curves (Wilson

1991) as done in this study.

Diversity profiles

Diversity indices have given mixed verdicts on the diversity of the RO,OP and
Forest areas but the diversity profiles have given a clear verdict that the RP
areas are the Jeast diverse among the three type of areas sampled.

Diversity assessments are useful tools in ecological evaluations (Lewi_s et al.
1988).The alpha diversity indices and evenness measures (Table 4.25) for the RP,
OP and Forest areas show variations and make it difficult to summarize the data.
This is because these indices combine information on occurrence and relative
abundance for all species in an assemblage into a single number. Species diversity
indices have commonly been used to summarize species occurrence and abundance
data (Flather 1996). Species count, Shannon’s index and the Simpson’s index are
used for comparing diversity and to determine trends following disturbance (Lewis
et al. 1988). The Shannon index of the RP areas is 4.002, of the OP areas is 4.295
and for the Forest areas is 4.48 (Table 4.25).Randomization tests of Solow (1993)
have shown these differences to be significantly different at the 5% level. The
values of the Simpson’s index are 27.85 for the RP areas, 42.88 for the OP areas and
55.86 for the Forest areas. The species count (All sample indexes) for the three
areas are 216 for the RP areas, 160 for the OP areas and 168 for the Forest areas
(Table 4.25). Shannon’s index adequately includes both species count and evenness
and is thus especially useful for describing ecological trends. However, they have
been difficult to interpret (Peet 1975). Consequently, the potential for divel;sity
indices to provide useful resource conservation and management insights have

been questioned (Magurran 1988). Discontent with such composite indices of
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community structure has led to the examination of a family of measures that are

based more directly on empirical species-abundance relations (Hurlbert 1971).

The Rényi Family diversity profiles (RF) and the Right Tailed sum
diversity profile (RTS) of the RP, OP and Forest areas ( Figure 4.101 and 4.103
respectively) have shown clear verdict that the rubber plantations are lower in
diversity then the Open and Forest areas. The RTS profile (Figure 4.103) shows
that the Forest areas are more diverse than the OP areas and the RP areas. The
RTS diversity profiles do not intersect each other and hence tend to be ranked
similarly by different diversity indices as seen in Table 4.25. The different
diversity indices also show a consistent lower diversity index value for the RP
areas than the OP and Forest areas. The slope also descends steeply in the RP and
OP areas whereas it descends slowly in the Forest areas (Figure 4.103). This
shows that the RP and the OP areas are dominated by a large number of few
species that are abundant (Figure 4.101 and 4.103) The Forest areas are more
even in that respect and that the species have similar abundances. Diversity
profiles are even more useful for investigating ecological conditions because they
not only illustrate intrinsic diversity ordering, they also illustrate other important
information about community structure such as the relative contribution of
abundant and rare species and the succession trends of a community over time as
affected by abundant and rare species (Lewis et. al. 1998). All these diversity
assessments possess qualities which make them useful as measures of diversity to
be used for forest management. They are unaffected by the size (area) of the
community, size of the plant, species name, number and equitability of
proportional abundance (Lewis et. al1998). The right tails of the diversity

profiles are important because they present information on the rare species of the
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community which is important for conservation (Lewis et. al. 1998). Although
they are unaffected by plant names graphical methods for examining individual

species responses to disturbance can also be made (Moore et al. 1982a, 1982b).

The RTS diversity profiles of the weeded and unweeded areas as compared
to the nearby Forest and the OP areas (Figure 4.110) has shown that the unweeded
areas and unweeded areas are similar in diversity and their lines tend to intersect
with each other. This indicates that different diversity indices will tend to rank
them differently. The slope of the diversity profile of the unweeded area lies above
that of the weeded area and falls more gradually indicating that these areas are
more even than the weeded areas and that the plant species have similar
abundances. The diversity profiles of the subsamples of the RP areas alone (Figure
4.102 and 4.104) show that the profiles of each area intersect each other and that
they will tend to be ranked differently by different indices. However the Neezhoor
RP areas have the lowest diversity while the Puthpally and Chetheckal RP areas
have the highest diversity. This can be also seen in the tabulations of the various
alpha diversity indices measured for each of these areas (Table 4.25) and their
graphical output (Figures 4.97-4.100).The higher diversity in the weeded areas (e.g.
Chetheckal , Mundakayam, Pamapdi and Thenmala) and the lower diversity in the
unweeded areas ( Figure 4.110) could be because these vegetations are in the
process of returning to their pre-treatment levels. Lewis et al. (1998) have shown
the influence of disturbance either by burning or by harvesting and site preparation
in pine-wiregrass vegetation diversity increased for the next 2-4 years and returned
to pretreatment levels. Scarce herbaceous species increased rapidly following
disturbance but changes in the number of abundant species was limited. By six

years after disturbance all components were moving towards pretreatment
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conditions. Results show that disturbance can help maintain species diversity. The
low diversity of the Neezhoor rubber plantations as compared to all other
plantations( Figure 4.102 and 4.104) in spite of being an unweeded area is probably
because of the lack of diaspores or poor seed banks to establish themselves in these
plantations. Thenmala rubber plantations also show the lowest diversity profile
compared to other RP sites (Figure 4.102 and 4.104). Situated within the forest lack
of diaspore availability does not explain its poor diversity. Abundance of grass
species such as Axonopus compressus , Kyllinga pumila, Cyperus rotundusand
Bracharia ramosa other pioneer species such as Spermacoce latifolia, Urena lobata,
Achyranthes aspera, Cyathula prostrate, Mukia madraspatana, Mikania macrantha
(exotic weed),Centella asiatica, Hyptis saveolens, Eclipta prostrate, Hedyotis
auricularis , Commelina attenuate, Chromolena odorata are some species that may
act as deterrents for the establishment of forest species. These plant species could
either modify the microsites in which seeds germinate and plants establish
themselves or they may influence the emergence and survival of certain forest
species thus influencing the composition and spatial structure of the seed bank.
Several studies have found that the abundance of a particular growth form or
species may affect the presence and recruitment of other growth forms and species
because different plants can modify the conditions of forest microsites (V'azquez-
Yanes 1990, Facelli and Pickett 19914, b, Ganade and Brown 2002, Montgomery
2004) in which seeds germinate and young plants establish (Clark and Clark 1989,
Ben’itez-Malvido and Kossmann-Ferraz 1999, Fafris-L'opez etal 2004, Harms et al.
2004). Studies have also shown that understory vegetation may affect plant density

independent of species or may differentially influence emergence and survival of
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certain type of species, thereby influencing the composition and spatial structure of

the “seedling” bank (Denslow et al. 1991, George and Bazzaz 1999, Svenning 2001).

SHE analysis

SHE analysis of RP areas shows that the evenness of the vegetation floras

decreases as sampling effort increases. The OP areas are ecotones undergoing
successional change but have the potentiality to regenerate forests.

The equitability varied in the three areas. It decreases with more sampling
effort in the RP and OP areas whereas it remains fairly constant in the Forest areas
(Figures 4.111, 4.112 and 4.113) respectively). As the sampled area increased along
with the number of samplings the diversity increased and the evenness decreased._
There is a rapid accumulation of species in the initial samples, with a gradual addition
of more and more species as the sampled area increases. This increase in species
richness is not reflected well in the diversity which remains relatively constant owing
to the sharp decrease in evenness (Figure 4.111). SHE analysis examines the
relationship between S (species richness), H (information - the Shannon-Wiener
diversity index) and E (evenness as measured using the Shannon-Wiener evenness
index, otherwise known as Pielou |} in the samples. It is therefore an approach to look
at the contribution of species number and equitability to changes in diversity. SHE

analysis follows the way these parameters change with increasing sampling effort.

The analysis of the subsets of weeded and unweeded areas of Rubber
plantations show that diversity is lower in the unweeded areas compared to the
weeded areas. Evenness is lower in the weeded areas and is constantly low over the
spatial scales (Figure 4.114). In the unweeded areas evenness is higher and there is a

gradual decline over the spatial scale (Figure 4.115). Cumulative In(E)/In(S) remained
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relatively constant in all the plots, indicating that each sample community was best fit

by log normal species abundance distribution ( Figure 4.73-4.75).

Diversity H’ is comparatively high in the Forest and OP (4.488, 4.295) areas
but lower in the RP areas (3.493) over similar spatial scales. With a small sampling

effort a high diversity ( H ’) is observed in the OP areas. But after an initial increase,

H’ only shows a marginal increase in OP compared to the Forest areas (Figure 4.112
and 4.113). The evenness decreases as sampling effort increases (Figure 4.112). The
diversity does not increase in spite of increase in species richness due té the low
evenness. The SHE analysis of the OP and Forest areas shows that the two components
of diversity, species richness and evenness are maintained in these areas as sampling
increases. The OP areas which are undergoing succession with respect to their
vegetation composition, as seen from their D-D curves can be considered ecotones (
The OP areas conform to log normal and log series distribution). They resemble
thickets of the forest which are natural assemblages found in the edge of the forest
which are capable of regenerating forests. SHE analysis is useful for identifying
ecotones (Hayek and Buzas 1997). It is also thought to be a useful method for testing
whether the data conform most closely to a log-normal, log-series or MacArthur's
broken stick model. It is probably the most effective practical method for testing for
‘gsoodness-of-fit' to these models.

Ordinations

Similarity tests

The RP, OP and Forest areas are distinct natural assemblages of plants with

distinct species assemblages. Various species of sses_are the main vector

responsible for the change i species composition of the RP and the OP areas
The similarity tests (ANOSIM and SIMPER Table 4.26) reveal that the three

areas chosen for this study viz. RP, OP and the Forest areas are natural assemblages
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of species (vegetation) which have evolved over ecological time. There are distinct
differences between the three groups chosen a priori with respect to their species
composition. The invasion of several species of grass and several other pioneer
species are the main components which are bringing about a change in the diversity
of these areas. Plant species like Axonopus compressus, Ottochloa nodosa,
Mitracarpus villosus, Mikania macrantha are abundant in the OP areas while species
like Cyrtococcum patens, Oplismenus composites, Cyathula prostrate and Axonopus
compressus characterize RP areas. The speéies composition more abundant and
prevalent in the Forest sites is Strychnos colubrina, Xylia xylocarpa, Michelia

nilagirica, Helectris isora.

The consequence of disturbance on the diversity of Rubber plantations

The two unweeded sites (Neezhoor and Puthupally) show more
dissimilarity with an ANOSIM R value 0.28. The SIMPER between tests show that
the two unweeded sites are also dissimilar from each other value 80.06 (Table
4.26).The SIMPER within (Figure 4.116) tests show that the average similarity
within the quadrats of the Puthupally (unweeded) site is low (19.72) compared to
the other sub samples. This indicates that the lack of disturbance favors the growth
of a vegetation of a different type and a habitat that is heterogenous. Similar studies
have shown that lack of disturbance may be another potentially important factor
affecting community structure in the Old-growth plots study. In some systems,
vascular plant diversity may rebound quickly from logging (Gilliam 2002, Gilliam et
al. 1995, Peet and Christensen 1988; Roberts 2002) while in others Old-growth
communities may take long periods of time to recover (Peterken and Game 1984,
Whitney and Foster 1988, Dzwonko and Loster 1989) or may not recover at all

(Duffy and Meier 1992).
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The SIMPER within tests has found the Puthupally and Chetheckal sites are
more heterogenous while Neezhoor, Pampadi, Mundakayam and Thenmala were
more homogenous (Figure 4.116). Various grass species have been found to be
responsible for the change in the vegetation of the different RP areas. The
prevalence of various types of grass species in RP areas is an indication of
succession and changing vegetation. The comparatively higher similarity of
Mundakayam and Pampadi and Chetheckal and Mundakayam plantation (average
dissimilarity 79.2) ground flora also corresponds with their higher disturbance
scores (Table 4.2), indicating a response of the flora composition to be a response
to disturbance. There are several evidences that disturbance promotes species
richness. Although the RP areas are more mechanically disturbed than by the use of
chemical fertilizers the low abundance of plant species found in these areas is a
consequence of the changing habitat of the RP environment. The invasion of several

grass species in succession changes the habitat to a more homogenous one.

The homogenous vegetation and the resultant homogenous habitat can have
grave consequences. The low diversity and evenness in the RP areas are a
consequence of low abundances of plants that are able to survive in these plantations.
The lack of heterogeneity of the environment retards diversity. This has far reaching
consequences on the farming ecosystem. Several studies have stressed upon the
importance of diversity. Heterogeneous environments are considered to promote
diversity of species when compared to homogeneous environments (Heck and Orth
1980, Irlandi and Crawford 1997 and Eggleston et al. 1999).Several studies have
shown the various advantages of promoting diversity. In more diverse communities
differences between species may allow complementary use of resources and cause

greater space filling above and below ground (Naeem et al. 1994, Hector 1998).
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Species diversity mediates community functional stability through compensating
interactions to environmental fluctuations among co-occuring species (McNaughton
1977). Greater plant species diversity leads to greater stability of plant community
biomass after a perturbation (McNaughton 1977, Leps et al. 1982, Frank and Mc
Naughton 1991). Diversity stabilizes community and ecosystem properties (Tilman
1996). Higher plant diversity is also weakly associated with lower stability of
abundances of individual plant species (May 1973). These two seemingly different
results is unified by the mechanism of interspecific competition which in turn can
magnify the effect of a perturbation on the abundances of individual species because
a change in the abundance of individual species will impact the abundances of many
other in the competitive network (Tilman 1996). Increased species diversity, which
leads to stability of an ecosystem, is related to food web components (Pimm 1982,
DeAngelis et al. 1989, Berryman et al. 1995). With increasing species richness and a
constant level of connectance, simple food web models become less prone to further
species loss following the deletion of one species (Pimm 1982). Diversity also
influences the reliability (Naeem 1998), stability (Doak et. al. 1998, Tilman et al.
1998) and productivity (Huston 1997, Tilman et al. 1997) of an ecosystem. Diversity
increase leads to certain physiological mechanisms that can influence ecological
processes (Nijs and Impens 2000). In Mediterranean grass lands plant diversity
determines the microbial biomass, hyphal length and enzyme activity (Chapin et
al.1988). Below ground diversity of arbuscular mycorrhizal fungi in European
calcareous grasslands contribute to nutrient capture and productivity (van der
Heijden et al. 1998). Tropical leaves tend to have a higher incidence and
concentration of toxic compounds for protection against herbivory (Coley 1983,

Covich 1988). Thus competition also constrains community biomass, and the
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competitive release experienced by disturbance-resistant species. This helps in
stabilizing community biomass in species rich community (Tilman 1996). The
importance of leaf heterogeneity to habitat and resource patchiness and
consequently to trophic processes, especially in the tropics is an important

component contributing to diversity of organisms (Bastian et al. 2007).

PCA ordination plots

A_vegetational change brings about homogenization of the environment and
further invasion of several grass species. The consequential changes of
succession change the habitat further away from the forest ecologically.

The PCA ordination plots (Figure 4.118) show that the vectors that are
responsible for more than 309% of the variance are Ishaemum indicum, Oplismenus
compositus, Cyathula prostrata and Cyrtococcum patens. A distinct deviation from
the species composition of the Forest in both the RP and OP areas is brought about
by these vectors. It also re- emphasizes that the RP areas are more similar to the OP
areas. The PCA plot clearly indicates an overlapping of species composition
between Forest and RP areas and between Forest and the OP areas (Figure 4.117).
A trend of successional change in the vegetation structure on the RP and OP areas
due to these vectors and other possible environmental variables such as
disturbance and factors such as soil, light and temperature etc is clearly indicated.
The manner in which the RP areas and the OP areas respond to the environmental
variables they encounter need to be further investigated. It is however clearly
evident that the two areas are under stress and undergoing a successional change

in vegetation.

Figure 4.123 shows that the Thenmala, Chetheckal, Mundakayam and

Pampadi (weeded) sites overlap each other while the Neezhoor and Puthupally
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(unweeded) sites appear to be more distinctive in their species composition. The
SIMPER within have shown the ground flora plant species which characterize the
vegetation in these plantations are Oplismenus compositus in Chetheckal,
Cyrtococcum paten in Mundakayam, Ishaemum indicum in Neezhoor, Axonopus
compressus in Pampadi, Ishaemum indicum in Puthupally and Cynodon dactylon in
Thenmala. The unweeded areas Puthupally and Neezhoor show the dominance of
Ischaemum indicum which is a sciophytic (shade loving) grasé species, whereas the
weeded areas show the prevalence of more heliophytic grass species. The
difference in the species composition of the more abundantly found grass species
characteristic of the individual areas can be an outcome of successional change and
aresponse to changing environment. The possibility of a response of the vegetation
to immediate disturbénce cannot be ruled out as these areas are mechanically

weeded.

The Thenmala RP areas form a distinct but overlapping group in the PCA
ordination (Figure 4.123). There is a presence and high abundance of pioneer
vegetation in the isolated plantations of Thenmala. These plantations are 8 km well
within the forest and hence isolated from the diaspores of pioneers. This indicates
that the forest diaspores do not establish themselves easily in the Thenmala
plantations. These plantation habitats are more suited to the establishment of
pioneer species which are lighter and produced in larger numbers. They reach far
off places as they are dispersed by wind. The RP areas provide a homogenized
habitat more suitable for the growth of pioneer species due to the initial
preparation of the land during planting. Garza and Howe (2003) opined that far
from a forest edge, even pioneer arrival may be very slow. However this study has

shown that pioneers arrive in the RP areas within the forest and their

—
-d

259



Chapter 5: Discussion

establishment within the Thenmala areas is more successful than that of the
surrounding forest species. ‘Marginal-specialist’ are the species that dominate the
most productive areas also have the broadest range. Other species are superior in a
more restricted range of less productive sites (Bell et al. 2000). Pioneer species can
be considered similar to the ‘marginal- specialist’ species. Less effect of habitat
diversity will be seen at either larger scales or at smaller scales where immigration
may overwhelm competition (Bell et al. 2000). In a very careful study of plant
communities of 0.1-ha plots in North Carolina forests, Palmer (1991) found that
species diversity was related to the mean value of soil nutrients such as magnesium

but not to their variance within plots.

The forest floor is structured, i.e. that the variance among sites increases
with separation from 1 to about 50 m (Bell et al. 2000). This makes Forests a
distinct group in the PCA ordination (Figure 4.117). The specific correlation of
performance falls as general environmental variance increases, and that species
diversity increases with environmental heterogeneity (MacArthur 1958, 1964,
Recher 1969, Anderson 1978, Murdoch et al. 1972, Strong and Levin 1979, Moran
1980, Tonn and Magnuson 1982, Pianka 1967, Pringle 1990, Hewatt 1935, Kohn
1967, Harman 1972, Haila 1983, Kerr and Packer 1997, White and Miller 1988,
Vivian-Smith 1997 and Silvertown and Wilkin 1983). It has been shown that the
forest floor is not a simple mosaic of discrete habitats to which species become
differently adapted. Instead, species responded differently to continuous variation

in environmental quality (Bell et al. 2000).
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Non metric multidimensional scaling
Rubber plantations are more similar to Open areas in their vegetational
characteristics.

The rubber plantations resemble Forests to some extent as they foster several
tree species that are found in Evergreen forests.

The plot of nMDS (Figure 4.119 ) shows the species composition of the RP
and OP areas. Two areas overlap and many plant species found abundantly in the
Open areas have invaded the rubber plantations. The similarity between RP and OP
areas is in the species composition of the grasses is mainly responsible for this
similarity. The slight overlapping of the RP and the Forest areas also indicate that
the RP areas foster some plant species found in the Forest areas. This is supported
by the observation that 88 tree species belonging to the Evergreen tropical forest
have been found in the RP areas during the qualitative survey. A trend of succession
is evident in the rubber plantations which is changing its vegetation towards a
composition similar to the Open areas.

Medicinal plants
RP, OP and Forest areas harbor the growth of several medicinal plants.

A higher number of plant species found in the Forest areas (48.7%) are of
medicinal importance (Figure 4.16) .The percentage of medicinal plants found in the RP,
and OP areas are comparable (Figure 4.14 and 4.15). This indicates the RP and the OP
areas also are capable of harboring species. These areas must be thus providing a habitat
and suitable conditions for such plant species to survive similar to thickets found in the
edge of forests which favor the growth of forest species (Puyrvaud et al. 2003). No
endemic medicinal plants were found in the OP areas (Table 4.15 and Figure 4.15)
whereas 4.4 % and 6.6% of the plant species found in the RP areas and Forest areas
respectively were endemic medicinal plants. Thus RP areas provide a habitat that is

suitable for the growth of several medicinal plants as well as endemic medicinal plants.
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Endemic plants

Rubber plantations harbor the growth of a few endemic plants and are
i habitats for the initial germination and ling growth of endemic
ants.

No endemic medicinal plants were found in the open areas (Figure 4.15).
This could be because of the harsh environment these endemics have to withstand
in the OP areas and the severe competition for sunlight and nutrients. Endemics are
plants with specific geographic and habitat condition. They survive better if the
initial protection of a habitat suitable for growth is provided along with its very
specific environmental requirements provided by its habitat niche. Rubber
plantations protect plants from an excessive exposure to sunlight and provide a
nutrient rich soil which will harbor and favor the growth of these endemics.
Endemic plants are plants with specific niche requirements. The study has revealed
that 11.4% (48 species) of the plant species sampled in the RP areas are endemic
plants (Table 4.16). Only 4.4 % (5 species) of the plant species of the OP areas were
endemic (Table 4.16). These endemic species could be lost over a period of time.
The gradual succession and homogenization of vegetation in the rubber plantations
could eliminate these niches and brings about a further decrease in the growth of
endemic plants. These plantations protect the seedlings from exposure to sunlight
and provide a suitable substratum for their germination and initial growth. Plants
like Naragamia alata and Rauwolfia serpintina, Geophylla repens are found to

survive, flower and fruit in the RP areas.

Species that becomes 'rarer’ may do so by a uniform reduction in abundance
or by expressing a more clumped occurrence pattern scenarios that have varying
susceptibilities to local extinction (Flather 1996). In a quantitative study Gaston

(1994), considered a species rare if they fell below the first quartile of the
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frequency distribution of abundance. Above the first quartile of the frequency
distribution, species were considered abundant. Korning et al. (1994) found that
local variation in soil chemistry corresponded to local variation in the occurrence of
different tree species, and suggested that this may be a factor that increases local
species diversity. The distribution of several ground herb species within 1-ha plots
have been related to topography both in Amazonia (Poulsen and Balslev 1991,
Poulsen and Nielsen 1995) and in Borneo (Poulsen 1996). Studies using continuous
transects have shown that spatial changes in species composition of pteridophytes
and Melastomataceae correspond to variation in the texture or drainage of soils

(Tuomisto and Ruokolainen 1994, Tuomisto et al. 1995).

Phenology

RP areas favor the growth of sciophytes and zoochorous species.

Most of the plants species found in the natural ground flora of the rubber
plantations are heliophilic (light loving). Hedyotis auricularis, Cyrtococcum patens
and Axonopus compressus have prolonged flowering periods (Table 4.27). This is
because of these plants are pioneers and are highly competitive in nature of the
plant. Such plant species have a high resource allocation to flowering and fruiting to
ensure their survival (Gaudet and Keddy 1988, Goldberg and Landa 1991). Studies
have shown that gap formation in forests accompanied by soil disturbance and the
removal or destruction of understory vegetation increases light availability and
reduces below ground competition (Gerhardt and Fredriksson 1995, Veenendaal et
al. 1996, Fredericksen 1998, Cahill and Casper 2002, Makana and Thomas 2005). A
reduction in species richness reflects a comparatively larger pool of species
possessing strong competitive response ability (Hodgson 1987, Zobel 1992,

Eriksson 1993). Associated with this competitive ability are plant traits such as
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plant height and seed size which in turn create competitive hierarchies (Gaudet and

Keddy 1988).

Studies in the tropical forests by Tabarelli and Mantovani (2000) have
shown that several lower-layer species are light-intolerant. Our studies have shown
that RP areas foster the growth of more heliophilic plants with a competitive edge
in response to the prevelance of disturbance. The understory of the unweeded
areas showed an increase in zoochorous species such as Ixora coccinia, Memecylone
umbellatum. The fruits of these plants are eaten by rodents and hence are dispersed
by animals. The flowering of these plants corresponds with the rainy season (May
to August) and also peak in January. This has also been reported in the studies on
the phenology of littoral forest of SouthEastern Madagascar by Bollen and Donati
(2005). Several studies in tropical forests (dry and moist) and savannas have shown
a positive association between fleshy fruits and lower-iayer species of animals
(Morellato and Leita™o-Filho 1992, Tabarelli and Mantovani 1999, Wilkander 1984),
and between fleshy fruits and fruiting in the rainy season (Bullock 1995,
Gottsberger and Silberbauer-Gottsberger 1983, Janzen 1966, Lieberman 1982,
Machado et al. 1997, Mantovani and Martins 1988, Medina 1995, Morellato et al.

1989, Oliveira 1998, Rathcke and Lacey 1985).

This study shows no correlation between the rainfall and flowering
phenophase(Figure 4.128 and 4.129). Studies by Bollen and Donati (2005) on the
phenology of littoral forests in Madagascar also show that rainfall has little
influence on the phenophases of the plants. However a strong correlation was
found between the phenophases and the duration of light hours. The plants found in
the OP areas show earlier flowering and more prolonged periods of flowering than

in the RP and Forest areas. The RP areas do not provide habitats suitable for
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heliophilic plants as these areas cut off light to a large extent. This could result in
reduced intensities of light and affect the light and temperature regimes affecting
the response of the plants to flowering. Flowering has a close relationship with life
history strategy and is affected by various factors including climatic conditions,
habitat environments, and interactions with other organisms (Rathcke and Lacey
1985, Kawarasaky and Hori 2001, Bjerkevedt et al. 2003). Plants like Oplismenus
compositus show a more prolonged flowering in the RP and Forest areas as
compared to the OP areas. Personal observations have shown that this endemic
grass species and plant species like Naragamia alata are found in more shady
habitats. Hence they thrive well in the RP and Forest areas. Lack of disturbance in
the RP areas promotes the growth of plants like Ixora coccinea and Memecylone
umbellatum as seen in the floristic composition of the unweeded areas such as
Puthupally and Neezhoor RP. These plants are zoochorous. The RP areas are thus
more suitable for sciophytes (shade loving plants) and for the growth of zoochorous
species (Table 4.28). The high prevalence of heliophytes in RP areas is not a natural
plant association. It is more of a response to disturbance and exposure of the

ground flora to more light.

Allelopathy

Aqueous leaf leachates of Hevea brasiliensis {(Rubber) cause allelochemical
stress to seed germination and growth of young seedlings.

Studies of the leaf leachates of Hevea brasiliensis on the seed germination
and seedling growth of the test seeds Oryza sativa and on the seeds of the naturally
growing plant species Chromolena odorata have shown an allelopathic effect on
germination and seedling growth of both the species (Figure 4.125, 4.126 & 4.127).

There is a significant retardation of germination and reduction of seedling growth
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of Oryza sativa by the leaf leachate of Hevea brasiliensis under laboratory conditions
(Figure 4.125, 4.126 & 4.127 ). In the case of Chromolena odorata there was
significant inhibition of germination (Figure 4.126). In a similar study the aqueous
leachate of Sicyos deppei caused a strong allelochemical stress on Lycopersicon
esculentum growth (Romero-Romero et al. 2005). No effect was seen on the rate of
germination of L. esculentum ( Lara- Nunez et al. 2006). Biochemical studies have
shown an imbalance in the oxidative status in the ungerminated seed and the

primary roots of Lycopersicon esculentum in these studies.

Allelopathic interactions are mediated by secondary metabolites
(allelochemicals) released from donor plants to the environment, and have an
influence on growth and development in both natural and agro- ecosystems(
Inderjit and Duke 2003). These allelochemicals belong to a diverse chemical group
and have different sites and modes of biochemical action. In general, when the
effect of these allelochemicals decreases growth on the receiver plant, it is
considered a biotic stress called ‘allelochemical stress’ (Cruz-Ortega et al. 2002,
Reigosa 2002, Romero-Romero et al. 2002). This environmental stress factor can
act as a mechanism of interference and can influence the pattern of vegetation,
weed growth and crop productivity (Dakshini et al. 1999, Weir et al. 2004). Inderjit
in 1996 reviewed the role of plant phenolics in allelopathy and found overwhelming
evidence of their significant role. Weidenhamer et al. in 1993 showed through their
studies on water solubility of 31 biologically active monoterpenes that these
compounds are often biologically active at concentrations below their aqueous
solubility. Putnam and Tang (1986) claim that, all cases of alleged allelopathy

appear to involve a complex of chemicals.
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In nature the ground flora has to face a mixture of these compounds. In the
fields the stem and leaves get dry on the soil and whenever it rains the phytotoxic
allelochemicals are released thus affecting the growth and development of other
plants. A large number of the naturally growing plants found in the RP areas have
seeds that germinate but show low viability (Figure 4.130 & 4.131). Seeds that
germinate, normally take 5 to7 days to germinate when soaked in water. Seeds with
low viability take a longer period of time to germinate. (14 to 22 days). This could
add to the allelochemical stress undergone by these seeds to germinate in the
plantations. Abundant rain in Kerala could form low concentrations of

allelochemical leachates which could mitigate the stress situation.

This study contributes to the growing body of literature on plant
allelopathic studies. More studies are needed on the allelopathic effect of Hevea
brasiliensis on different plant species. This may include studies in different agro

climatic conditions with different rainfall precipitations.

Conservation

Low abundances of plant species in rubber plantations is a cause of
conservation concern.

Low abundance and elimination of plant species can have other consequential

effects on the ecosystem,

Rubber farming ecosystems can be used as conservation links in a matrix of
Tropical forest and farming ecosystems for the conservation and restoration
of endemic and threatened species.

The study on the floristic diversity and abundance of the ground flora of
rubber plantations have shown that there is a substantial reduction in the
abundance of the ground flora and a consequent reduction in the diversity of the

rubber plantations when compared to an Open area or the Forest areas. The study
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has provided sufficient evidence of sampling efficacy using species richness and
through explicit evaluations on the effect of the abundance of the species. These
inventories and statistical data clearly support the unauthenticated verdict that the
rubber plantations do not support the growth of several plant species. These low
abundances are due to invasion of pioneer species into the arena of rubber
plantations replacing several abundant species. This invasion by pioneer species is
due to pre-planting agricultural practices (termed disturbance in this study).The
plants which survive the invasion of more fast growing plants, which are more
efficient in resource usage, are further reduced in numbers (abundance) due to
natural death as a result of canopy closure and the consequential low light
availability (also included as disturbance in this study). This multipronged attack
i.e. mechanical elimination of existing vegetation by ploughing and weeding,
invasion by weeds and consequential competition for space and resources and the
top down control due to poor light availability brings down the numbers of these
plants and results in the observed low abundances of these plant species in the
plantations. The growth, phenology and the vegetation dynamics of these plants are
also impaired. Even though understory community recovery is universally
recognized as important to forest conservation, and though species richness is
almost universally used to investigate recovery rates, explicit evaluation of the
effects of abundance and sampling efficacy on diversity metrics is not widely used
in ecological studies( Loya and Jules 2008). Differences in species composition
between Forest, OP and Mature RP areas in this study suggest slow changes. If these
processes operate over the entire landscape, community structure and local
extinction may be predicted, at least in part. The vast areas of land under rubber

cultivation only compound these effects and will have further consequential effects
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on the remaining conserved forest areas. Studies in the steppe-like grasslands in
Eastern Europe have shown that agricultural intensification and abandonment have
resulted in their critical reduction of plant species thus posing it to be a threat to
the regional biodiversity (Cremene et al. 2005). Replacing them with Pinus
plantations have changed habitat quality and has a devastating effect on the unique
indigenous diversity of the steppe- like grassland as soon as the canopy closes
(Cremene et al. 2005). Several studies have suggested that information on tropical
plant species in all growth forms as provided in this study, is needed because of its
potential usefulness in understanding the relative extent of plant biodiversity
across natural and human-disturbed habitats and its implication for conservation
and management (Gentry and Dodson 1987, Gentry 1991, Annaselvan and

Parthsarathy 2001, Van Andel 2001).

The quantitative analytical methods of species richness, D-D curves, diversity
profiles , similarity indices, PCA and nMDS scaling used in this study have shown
conclusively that there is a floristic species composition change in the RP areas
which is distinctly different from the Forest areas and makes the RP areas more
similar to the Open areas (Figure 4.119 ). These differences among the type of
plants species found in the RP areas can have consequential effects as seen in other
similar studies. Studies made by Chapin et al. 1998 on differences in the plant
species composition has shown that differences among the types of plants that are
present have an effect on primary productivity, nutrient losses and microbial
nitrogen retention. Soil inorganic nitrogen pools are the lowest in more diverse
plots because of the early seasonal annuals which is a highly competitive functional
group (Chapin et al. 1998). Johnson et al. in 1996 have shown declining

productivity with increasing diversity. Plant species richness has a strong impact on
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soil biological activity (microbial biomass, hyphal length and enzyme activity) by
enhancing organic matter decomposition and by reducing nitrogen leaching

(Chapin et al. 1998).

Several plants (approximately 50% of the plants that have been observed in
the qualitative assessment) were below the threshold limit of being sampled in a
quantitative assessment. This is because the abundance of these plants was so low,
that they could not be sampled in spite of an intensive sampling at a landscape level.
Statistical analysis of parametric and non parametric estimates has established the
adequacy of the sampling. Stochastic extinction probability theory (Soulé 1987,
Simberloff 1988) predicts that a minimum population size is required to prevent
extinction, which is in turn coupled to a minimum area. On statistical grounds, rare
species would therefore per se have higher extinction probabilities (Nijs and
Impens 2000). Extinction can also be deterministic, if the disappearance of one
keystone species prompts an outburst of secondary extinctions in highly connected
species within the food web. In such a case common species would also be
susceptible to extinction (Nijs and Impens 2000). Bond in 1994 devised a protocol
to identify such species, but concluded that criteria to distinguish vulnerable ones is
lacking. Statistical phenomena have been identified before with respect to the
influence of diversity on ecosystem function (Naeem 1998, Doak et al. 1998, Tilman
et al. 1997, 1998, Huston 1997). Thus the strong relationship between statistical

components, diversity and extinction cannot be ignored.

Importance of maintaining genetic diversity in rubber plantations
Rubber farming ecosystems are vast expanses of land with monocultures of
Hevea brasiliensis. This study has indicated that these areas are homogenous with

respect to species diversity. The RP areas show the lowest diversity profile (Figures
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4.101 & 4.103). Human-aided invasion of new species is most likely to occur in low-
diversity managed landscapes (Chapin et al. 1998). This is possible in RP areas due to
their low diversity profile. High species diversity reduces the probability of large
changes in the ecosystem processes in response to the invasion of pathogen and
species. The validation of this hypothesis confirms the advantage of maintaining genetic
diversity in crop monocultures and the use and expansion of multi-cropping systems in
agriculture (Vandermeer and Scultze 1990). Rubber plantations have since 1960s been
intercropped and multi layered with grain, oil crops like rice peanut, sweet potato,
creeping legumes, perennial cash crops such as tea, black pepper, pineapple so that
farming can be sustainable (Zhiwei and Yide 1999). A more recent study by I'ma et al. in
2005 have evaluated the growth of medicinal plants in rubber plantations. Teak and
other timber yielding species like Mahogany and Rosewood are also grown along the
periphery of the plantations by several farmers. Recommended cover crops like Cassia
sp, Desmodium gyroides, Phaseolus angularis, Desmodium ovalifolium. Creepers Pueraria
phaseoloides, Centrosema pubescens, Calopogonium caeruleum, Psophocarpus palustris,
Calopogonium mucunoides, Phaseolus calcaratus. Shrubs Flemingia congesta Tephrosia
candida Crotolaria anagyroides. Ferns Gleichenia linearis are also grown with Rubber
plantations. The growth of a single cover crop like Mucuna pruriens or Pueraria
phseoloides conserves soil but the assessment with respect to conservation of the
diversity of species has not been studied. Observations have shown that these plants
further suppress the growth of natural flora and affect the diversity of plants. Although
several attempts have been made to intercrop rubber with other commercial and non-
commercial crops, this is the first study made on the effect of maintaining the natural
flora of the plantations and thereby maintaining its genetic diversity. Maintaining or

conserving biodiversity might be helpful in reducing the pathogenic attack and other
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species on rubber. It is well known principle that monoculture s has the possibility of
attacks from diseases and pathogens. The rubber trees in the native habitat of the
Amazonian forests are not attacked by the South American leaf blight (SALB) caused by
the fungus Micrococcus uli, whereas commercial cultivation in South America is
prevented by the diseases because of the severe attack in the monoculture. Hence a
conscious effort to increase the biodiversity in the RP areas can indirectly protect the
Ecosystem to some extent from invasion by pathogens and invading species. Inter
cropping of pineapple and banana is widely practiced in the mature phase. Attempts to
intercrop other economic plants in the immature phase have met with only partial
success. Intercropping of edible plants in the mature rubber plantations is not

successful.

Restoration of biodiversity using rubber plantations and Open areas
Plantations can play an important role in restoring the productivity,
ecosystem stability, and biological diversity in degraded tropical lands {Parrotta
1992). Rubber plantations can also play a similar role. Almost any vegetation adds
organic matter and nutrients, and retains water; to a greater extent than barren
land. Continuous growing of rubber in India for the past one century has not
resulted in any reduction in the productivity of the soil unlike several other
agricultural systems Hevea brasiliensis cultivation has actually improved and
sustained soil productivity. These plantations aid the conservation of soil and
water (Krishnakumar et al 1991, Krishnakumar and Potty 1992). Rubber
plantations are a self sustainable ecosystem and could maintain a fair degrée of
biodiversity if properly managed (Sethuraj and Jacob 1997).The present study
provides evidence to support the view that RP areas have a low diversity profile

and that several species show low abundances. If properly managed, it can be used
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to restore biodiversity at the local level and help in the sustenance of biodiversity at
a landscape level. 20% (88 species) of the plant species composition of the RP
areas are also plant species that are found are naturally found in .Evergreen forests.
22% (99 species) plant species that are found in the RP also grow naturally in
Semi evergreen forests and approximately 50% (219 species ) plant species are
those that grow naturally in the Moist deciduous forests (Table 4.20, Figure 4.20).
They also show the presence of 160 medicinal plants and some endemic plants
species. However these plants have low abundances and may not be able to sustain
their numbers with the present methods of cultivation and rate of destruction. The
conservation of these plants and their habitat will be a way to conserve biodiversity
in rubber plantations. The term restoration should refer to an ecosystem (or to a
soil). Chapin et al. in 1998 have shown that both species diversity and landscape
diversity have important ecosystem consequences. According to them landscape
diversity will influence the conservation of future species diversity also landscape
heterogeneity most strongly influences those processes that depend on multiple
patch types and are controlled by the flow of organisms. There have been few
studies to make generalizations. Given the rate at which natural biotic diversity is
changing it is imperative that a more predictive understanding of the ecosystem
and consequences of these changes in both natural and managed ecosystem must
be developed. The presence of a large number of medicinal plants and endemic
plants in the RP areas can conserve these plants at a landscape level. This, however,
requires planning at a local and landscape level and proper management of the

rubber farming ecosystems.

One taxonomic group is a poor indicator for the overall diversity (Baur et al.

1996, Niemel"a and Baur 1998). Preliminary studies have shown that the unweeded
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areas of the rubber farming ecosystems showed an increase in the diversity of
plants and the presence of a larger number of life forms. Personal observations also
showed the presence of a larger number of insects, rodents and birds in the rubber
farming ecosystems as a response to the growing ground flora. Butterflies are
realistic and practical indicators of species change. They indicate a decline in plants,
insects, and birds because of their rapid response to habitat change (Thomas 2004).
Kapoor in 2008 has shown that spider species composition shows significant
changes in relation to habitat alteration. Inventories are potentially of great value
for informing conservation decisions, since land-use decisions are usually made ata
local scale where insects and other arthropods can provide a rich source of data on
environmental change (Kremen et al. 1993). Cremene et al. in 2005 found that the
proportions of red-listed species in plants and nocturnal Lepidoptera were
correlated. Several studies have shown that certain rare and threatened butterfly
species benefit from grassland abandonment (Erhardt 1985a, 1985b, Thomas 1991,
Balmer and Erhardt 2000). Cremene et al. in 2005 advocated a shopping-basket
approach to the measurement of diversity and to conservation evaluation (i.e.,
measuring species richness and abundance of several taxonomic groups instead of
just one which was also supported by others earlier(Launer and Murphy 1994, .
Oliver and Beattie 1996). A similar study in the diversity of rubber farming
ecosystems and an inventory of the plant and animal diversity in the rubber
farming ecosystems could be of immense conservation value to the diversity
studies in Kerala because this state conserves a large number of endemic species

found in the Western Ghats.
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Loss of species and extinction from for;ast fragments

Forest fragments in Kerala are surrounded by a matrix of plantations and
agrecosystems that are less representative of a forest. Studies on the retention of
species by forest fragments in Kerala are negligible. The Mundakayam RP areas and
the Chetheckal RP areas are adjacent to reserve forests. On the other hand the
Thenmala RP areas are within the forest. These plantations are believed to
represent the forest matrix to some extent owing to their nature. This study has
shown that there is little similarity between the RP and Forest areas sampled.
Hence they cannot be considered to be representative of the forest. The RP area
adjacent to the forest has shown distinct vegetation which is more similar to the OP
areas in spite of their proximity to the forest. This indicates that the vegetation of
the RP areas does not allow the retention ad establishment of late successional
species. The matrix of the OP and the RP areas influences rates of accumulation of
organic matter and nutrients. As opined by Lugo in 1997 and Vandermeer and
Carvajal 2001, it could also affects the population and community dynamics of

species in the remnants that surrounds the matrix.

Forest fragments excised from continuous forest and embedded in alien
matrices lose many species of animals and plants over 20-100 years (Turner 1996).
The dominance of several grass species in the RP areas and the presence of a few
tree and shrub species that are mechanically or wind dispersed will not stem the
loss of species from the remnant fragmented forests. As suggested by Finegan in
1996, loss of species from remnants may not be stemmed if land is quickly
occupied by one or a few early successional species, followed by what we call the
‘pioneer desert’ of early and late pioneers that retards the influx of disperser-

limited deep-forest trees for a century or more (Finegan 1996). If intensive land,
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use imposes a ‘time tax’ of soil degradation (Lugo 1988), the 100+ year pioneer
matrix imposes another ‘time tax’ of species loss from remnants, a lost opportunity
cost that may be irredeemable. Loss of mutualists and herbivores may accelerate
plant extinctions in forest fragments. A disproportionate number of tropical trees
require insects, bats or birds for pollination, and bats, birds, terrestrial or arboreal
mammals for seed dissemination (Howe and Westley 1997), and the diversity of
recruiting cohorts of seedlings is maintained by thinning by ground foraging

mammals (Dirzo and Miranda 1991).

The Mundakayam forest shows the invasion of several species that are
found in the OP and RP areas. These plant species such as Mitfacarpus villosus,
Bracharia ramosa, Clerodendron viscosum, Cyathula prostrata, Cyperus rotundus and

- Ficus exasperata are pioneer plants typical of a successional community. The edge
effect seen in this forest is a result of the quality of the surrounding matrix and the
vulnerability of these areas to invasion by such plants. The proximity of fragments
to sources of dispersal agents, influence which species are 'vulnerab]e to local
extinction in remnants. The source landscape and the quality of surrounding
matrices, will probably determine which species are most vulnerable in a given
area. Very low densities of most species make tropical forest fragments particularly
vulnerable to high rates of local extinction (Maina and Howe 2000). Species number
is positively associated with size of habitat patches, while population densities of all
but the dominants are inversely correlated with richness (Preston 1948, MacArthur
1972). Recent studies have shown that seedlings and juveniles of many rain forest
species suffer declines in fragments (Cordeiro and Howe 2001, Githiru et al. 2002)
and some island communities show dramatic losses through older juvenile and

sapling stages (Leigh et al. 1993). With adult tropical trees dying at a rate of roughly
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1% per year in mature forest (Brbkaw 1985, Sukumar et al. 1998), the less
representative the matrix is of mature forest, the more rapidly small populations of
dispersal agents and trees with reduced recruitment will be lost from remnants.
Maina and Howe in 2000 argued that tree species most vulnerable to local
extinction from small forest remnants are those at the moderately abundant to rare
end of the species abundance distribution. These species lose pollinators or
dispersal agents in small fragments, while those most likely to persist are highly
vagile weeds, augmented by successional pioneer deserts, and ‘always rare’ species
that function as successful metapopulations. The forests fragments sampled in the
present study are also susceptible to such losses and local extinctions if the

surrounding RP matrix does not support its flora and fauna.

Rubber plantations as link to forest

Forest plantations established on degraded sites long devoid of a native tree
cover can act as successional catalysts, facilitating the recolonisation of native ﬂc-)ra
through their influence on understory microclimate and soil fertility, suppression of
dominant grasses and provision of habitats for seed dispersing animals (Parrotta

1995).

Production of fleshy fruits is known to require a lot of water (Lieberman 1982)
and is therefore associated with soil water availability (Bullock 1995, Gentry 1995,
Medina 1995). Several species in the rubber plantations produce fleshy fruits (Table 4.5
appendix). Personal observations have also confirmed that undisturbed plantations
(Puthupally, Neezhoor) where natural ground vegetation was allowed to flourish
resulted in the growth of several plant species which produced fleshy fruits which are
animal dispersed (Table 4.28). Plants like Olea dioica, Memecylone umbellatum, Mallotus

philippensis, Macranga peltata, Lagerstromia microcarpa, Grewia nervosa, Glycosmis

b
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pentaphylla, Ficus hispida, Eleocarpus glandulosus, Canthium augustifolium, Artocarpus
hirsutus are some species that thrive in the RP areas. The vertebrate population which
fed on it and were the likely dispersal agents also increased in numbers considerably.

Several butterflies were also seen during the flowering season of these plants.

Recent research on tropical forest plantations indicate that plantations may
enhance the recruitment, establishment and succession of native woody species by
functioning as foster ecosystems (Parrotta 1992, 1995, Lugo et al. 1993, Geldenhuys
1997, Otsamo 2000, Viisteensaari 2000). Rubber plantations in Kerala with its vast
expanse and proximity to Tropical rain forest offers such a means to restore ecosystem
functioning and the advantage of a cash crop. Their composition of the OP areas shows
the presence of 23%, 32% and 11% of plant species belonging to the natural habitats of
Tropical evergreen, Semi evergreen and moist deciduous forests (Table 4.20, Figure
4.20). The OP areas also form the matrix of the vegetation between forest remnants.
Puyrvaud et al. in 2003 argued that in restoration of biological diversity between forest
remnants, the vegetation matrix matters. Thus the OP areas are also a valuable
resource and are comparable to the ‘vegetation thickets’ found along the edge of the
forest, which in has great potential to restore and link fragmented forests (Puyrvaud et
al. 2006). The natural ground flora of the RP areas shows the presence of several forest
species that are found naturally in the Evergreen forest, Semi evergreen, Moist
deciduous and Dry deciduous forests (Figure 4.20, Table 4.20). The study also reveals a
tendency for the rubber plantations to favor the growth of plant species that naturally
grow in the moist deciduous forests (Table 4.20). Rubber plantations adjacent to
reserve forests and those that form the matrix within forest fragments can be used as
foster ecosystems to enhance the recruitment, establishment and succession of native

species. Garza and Howe in 2003 put forward the view that variations on passive
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succession of exotic or native trees, may offer a means of restoring ecosystem function,
but they do not avoid the equivalent of the pioneer desert forest remnants remaining
surrounded by low-diversity matrix. In general, in forest regeneration of large areas of
abandoned agricultural land or pasture, passive succession cannot stem the loss of
species from forest remnants. Isolated trees attract dispersal agents, and artificially
positioned perches likewise increase the seed rain of animal-dispersed species
(Guevara 1991, Miriti 1998), but recruitment is slow and remains unrepresentative of

mature forest (Holl 1999).

Initially natural forest stands near a restoration site can provide baseline data
that can be utilized in the evaluation of the extent and rate of plant species recruitment
and establishment in plantations. We must consciously promote the growth either by
allowing naturally growing plants or by planting late successional and deep-forested
animal dispersed species in the rubber plantations. Table 4.28 gives a list of plants that
have been found naturally growing in the rubber plantations and their modes of
dispersal. The plants with mechanical and wind dispersed seeds can be considered the
pioneer species which are more characteristic of the edge of the forest. Plants such as
Careya arborea, Helectris isora and Hemidesmus indicus come under this category.
Plants such as Artocarpus hirsutus, Ixora brachiata, Jasminum brevilobum,
Lagerstroemia microcarpa are endemic species dispersed by birds and animals. Hence
they come under the category of deep forested species which can be consciously
planted in RP areas as a conservation measure. Some late succssional species such as
those found in the Forest areas may also be planted to beat the time tax on biodiversity
as suggested by Garza and Howe in 2003. A large number of deep forested plants
species can be planted in RP areas to conserve biodiversity. Of these the plants that are

found in the forest areas that are endemic to the Western Ghats or of medicinal
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importance can be prioritized (Table 4.7 appendix, Table 4.14). To name a few plants
that are of medicinal importance that can be cultivated in RP areas are trees like
Adenanthera pavonina, Antidesma acidum, Aporosa lindleyana, Artocarpus hirsutus,
Salacia oblonga, Azadirachta indica, Bixa orellana, Naringi crenulata,
Tabernaemontana heyneana, Xylia xylocarpa and shrubs like Anamirta cocculus (woody
climber), Piper nigrum,, Piper longum, Ricinus communis, Zizyphus rugosus. Table 4.12,
4.13 & 4.14 (appendix) provides a list of medicinal plants that can be intercropped with
rubber plantations. Table 4.16 shows that 48 endemic plants have been found in the RP
areas. A detailed list of these endemic plants is found in Table 4.17. A variation on
passive succession of these plants would permit a cash crop and cost little. Whether
such a method would create unintended consequences, be a superior strategy to
enrichment of early and late pioneer stands, or simply be the only option in regions
used for plantation crops, should be a matter of debate. Garza and Howe in 2003
suggested that beating the time tax on biodiversity is possible if the natural succession
of pioneers is actively enriched with plantings of late-successional and deep-forest
animal-dispersed tree species. Lugo in 1997 pointed out that plantation monocultures
of some short-lived exotics cast enough shade to suppress pioneers, but admit invasion
by deep-forest species. The lack of quantifiable practical standards for biodiversity
makes the setting of goals by managers and the monitoring of results difficult
(Spellerberg and Sawyer 1996, Yirdaw 2001). However forest plantation managers
should make biodiversity management one of the main components of their task
(Yirdaw 2001). Thus trees such as Artocarpus hirsutus, Meiogyne pannosa, Memecylone
randerianaum, Psychotria nilgiriensis, Meiogyne ramarowii , Glochidion zeylanicum,
Turpinia malabarica, Xanthophyllum arnottianum, Knema attenuata, Lagerstromia

microcarpa, Mpyristica  malabarica, Tabernaemontana heyneana,  Actinodaphne
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malabarica, Actinodaphne bourdilonii, Michelia nilgirica,Cinnamomum sulphuratum,
Polyalthia fragrans shrubs such as Salacia beddomei, Dalbergia horrida, Salacia
fruticosa, Derris brviceps, Rauvolfia micrantha, Piper barberi, Strychnos lenticellata and
herbs such as Cyrtococcum longipes, Theriophonum infaustum, Stachyphyrnium
spicatum Acrotrema arnottianaum, Pteris scabripes, Polystichium moluccense can be
passively allowed to grow or planted intentionally in the RP areas. Several of these
endemic plant species are deep forested species that can be conserved to beat the time

tax by cultivating them in the foster ecosystems of rubber plantations.

The feasibility of using plantations of exotic monocultures to promote late
successional indigenous species depends on the species used and the Jocation. In
Brazil, Leucaena leucocephala(Lam.) De Wit (Fabaceae) plantations admitted more
native forest species than Casuarina plantations (Parrotta 1995). In Hawaii
plantations of Eucalyptus saligna Sm. (Myrtaceae) and Flindersia brayleyana F. V.
Muell. (Rutaceae) from Australia and Fraxinus uhdei (Wenzig) Lingelsh (Oleaceae)
from Mexico established in the 1950s and 1960s fostered very different regeneration
pathways (Harrington and Ewel 1997). Eucalyptus saligna strongly favoured exotics
and Flindersia braylenana replaced itself, while Fraxinus uhdei favoured two
dominants of surrounding mature forest, Cibotium glaucum (Sm.) Hook. & Arnott
(Dicksoniaceae) and Metrosideros polymorpha Gaud.(Myrtaceae). In the Congo,
Eucalypt plantations admit a number of native forest species, especially close (< 50
m) to the forest edge, with strong representation of wind-dispersed species that show
especially rapid regrowth after clear-cutting of the plantation crop (Loumeto and
Huttel 1997). This study has shown that the RP areas support the growth of
Evergreen, Semi evergreen and Moist deciduous species. Table 4.20 shows that

several tree saplings grow in the RP areas and are in fact protected from elimination
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due to the shade and a protected environment. These plant species found in the RP
areas that come under the category of ‘forest pioneers’ are Trema orientalis
(Ulmaceae, and Ficus hispida, Ficus exasperata (Moraceae). These plants are found
more towards the edge of the forest and are not found deep inside the forest. These
pioneer tree species have smaller seeds while the deep forest species are large
seeded which need the help of vertebrates to disperse them. Plantations of exotic

trees can help to start a succession (Janzen 2000, Feyera et al. 2002).

One management strategy is planting buffers, corridors and stepping-stone
stands around and between remnant forests (Janzen 1988, Lamb et al 1997,
Tewksbury et al. 2002). Rubber farming ecosystem with the vast expanse of land they
occupy between forests can be used in a similar manner to form foster ecosystems.
Buffers, corridors and stepping stone stands can be ear marked and conservation
implemented at a landscape level. Another method of restoring matrix diversity after
release from intensive agriculture is to upgrade or eliminate the 100-year pioneer tree
species by encouraging late-successional trees long before they would passively arrive
of their own accord. Several late successional species, medicinal species and endemic
species can be planted along with the existing plantations along the periphery of the
plantations or in the gaps of the rubber plantations. This in turn should attract
vertebrate dispersal agents that accelerate the process of seed dispersal into and out of
forest fragments. Restoring matrix diversity encourages natural processes of
immigration and integration among nuclei of forest remnants. Pioneer trees will arrive
of their own accord near forest edges (Martinez-Garza and Gonzalez-Montagut 1999,
2002, Ingle 2003) but animal-dispersed pioneers such as Cecropia, Cordia, Ficus and
Trema could usefully be planted far (> 100 m) from source forests edges to secure soil,

provide shade and initiate the process of frugivore assembly. Tucker & Murphy in 1997
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demonstrated that planting late-successional species accelerate succession to complex

forests and is an important facet of enrichment planting.

Rubber plantations affect the seed bank at the local and regional level

In rubber plantations when abandoned primary successional tree species grow
but late successional species may not grow. Preliminary seed bank studies have shown
that the soil in the RP areas also does not have the deep forested species. Preliminary
studies (data not included) that the rubber plantations and Open areas have poor seed
banks as compared to the forest areas. Plant species found in the seedbank of the RP
areas are species of the primary succession such as Axonopus compressus, Oplismenus
composites, Cyrtococcum patens, Justicia procumbens, Hedyotis auricularis, Spermacoce
latifolia, Cyathula prostrate etc. No tree species emerged in these prelimnary studies. In
the tropics, abandoned croplands and pastures do not have seed banks of forest
species, nor are there seedling or sapling cohorts waiting to respond to opportunity.
Low rates of colonization and emergence, and high mortality of seeds and seedlings,
result in low densities and diversities of tree juveniles and saplings (Uhl et al. 1988,
Nepstad et al. 1996, Zimmerman et al. 2000). Under such conditions dispersal becomes
a limiting factor in the rate of forest regeneration (Quintana-Ascencio et al. 1996, Holl
1999, Miller 1999) and the size and distribution of remnant sources of forest seeds

becomes an important determinant of seed dispersal and seedling recruitment.

Many reasons can be attributed to the poor seed banks found in RP and OP
areas. Sites which are frequently disturbed by clearance for cultivation favors
establishment of species that are fast growing and can reach reproductive maturity
at a young age (< 5 y). Repeated occupancy of pioneers at a site maintains a high
density of their seed in the soil (Saulei and Swaine 1988). Another explanation is

that accumulated litter might delay or prevent seeds reaching the soil giving more
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chance for predation (Cintra 1997). Litter fall in RP areas may create a similar
situation. Although fast growth rate and abundant seed bank are characteristic of
tropical pioneer species (Swaine and Whitmore 1988), mega seed bank and high
growth rate are consider to be the two vital attributes (Drury agnd Nisbet 1973).
Also the ability to resprout once damaged, is a trait that would favor persistence in
disturbance-prone environments where the vegetation is not completely removed

(Rogers and Hartemink 2000).

Seed dispersal is a fundamental process in biodiversity restoration of a
degraded site (Yirdaw 2001). The forest soil seed bank is typically smaller than that of
fallow soils (Thompson1992). The large variations may be attributed to non-uniform
dispersal of seeds in the soil, non-uniform incorporation of seed into the top 0.05 m of
soil, or the influence on germination of spatial variation of the soils at each site
(Thompson 1992). Frequency and scale of disturbance, and litter layer can also

influence seed bank size (Rogers and Hartemink 2000).

In succession habitats like the plantation the abundance of a particular growth
form or species may affect the presence and recruitment of other growth forms and
species because different plants can modify the conditions of forest microsites
(V'azquez-Yanes 1990, Facelli and Pickett 1991 a, b, Ganade and Brown 2002,
Montgomery 2004) in which seeds germinate and young plants establish (Clark and
Clark 1989, Ben'itez-Malvido and Kossmann-Ferraz 1999, Farris-L'opez 2004, Harms
et al. 2004). Understory vegetation may affect plant density independent of species or
may differentially influence emergence and survival of certain type of species, thereby
influencing the composition and spatial structure of the “seedling” bank (Denslow

1991, George and Bazzaz 1999, Svenning 2001, Benitez-Malvido 2006).
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Thus we must consciously promote the growth either by allowing naturally
growing plants or by planting late successional and deep forested animal dispersed

species in the rubber plantation.




Conclusions

The following inferences have been made from this study.

1.

The qualitative assessments made on an intensive spatial and temporal
scale of the rubber plantations, Open areas and the Forest areas of the
Kottayam, Kollam and Pathanamthitta districts show that these areas are
species rich. ]iLTl_ley show the presence of 420 species in the rubber
plantation areas (RP areas), 115 species in the Open areas (OP areas) and

187 species the Forest areas sampled.

Comparison of the vegetation in the Forest, RP and OP areas using the
Relative diversity Index (RDI) shows that there is a gradual change in
vegetation. The RP area species and genera composition indicates a
changing trend with a higher representation of Poaceae and Asteraceae
members.

The vegetation of the unweeded RP areas over, a period of time, leads to a
species compositional change which indicates restoration towards a pre-
disturbance level. This also leads to higher species richness and a large
number of pioneer tree species typical of a forest succession.

The understory of rubber plantations sampled in Thenmala which were
within the Forest areas did not reflect the vegetation of the forest. Instead
they showed comparatively low species richness and a vegetation
composition typical of a successional change with a large number of pioneer
species. The surrounding forest matrix also gets invade by these pioneer
species.

Presence of several growth forms and the vertical stratification in rubber

plantations indicates an ability to regenerate forests.
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6.  Quantitative assessment of the RP areas shows an all sample index of 216.
This is the number of species observed in the quantitative sampling (S obs).
This is much lower than the number of plant species observed in the
qualitative assessment (S tue). This is an indication of a large number of
plants in the rubber plantations are with very low abundance because of
which they could not be sampled. This discrepancy was not found in the
qualitative and quantitative assessment of the OP and Forest areas.

7. Rank on abundance plots of the rubber plantations areas have indicated a
high species richness and low evenness. It also suggests a iognormal
distribution in the RP areas.

8. Comparisons of the rank on abundance plots of the rubber plantation
subsamples have indicated that the evenness has increased in the
unweeded RP areas as compared to the weeded RP areas.

9.  There is a slow acquisition of species in the RP areas. Species accumulation
of the RP areas showed that Smax was reached with 92 samplings with an
accumulation of 216 species. In the OP areas Smax was reached with 27
samplings and an accumulation of 168 species. In the Forest areas the same
was reached with 35 samplings and an accumulation of 168 species.

10. The species accumulation curve of the RP areas smoothen with just 10
randomizations. This indicates that these regions are less heterogeneous.

11. The parametric and non parametric species richness estimators chosen, used
to estimate the species richness to the Sebs levels of the quantitative
assessments showed that the S .5 of the quantitative assessment and the Smax
estimated by the parametric and non parametric species richness estimators

are nearly the same. This reinforces the adequacy of the samplings.
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12. Rarefactions richness estimates which are used to compare communities are
an effort-independent estimator curves and distangles the effect of
disturbance on species richness. 216 species were found in the RP areas
when 7268 individuals were sampled. In OP areas 168 species were obtained
from 2265 individuals whereas 168 species were found when 1575
individuals were sampled in the Forest areas. Single sample rarefactions have
shown that in rubber plantations the number of species that can be expected
from a randomly chosen subset is significantly lower than that of the Open
areas and the Forest areas because a subset of 30 individuals yields 5.75
species in the RP whereas one can expect 19 species and 17 species from a
similar subsets in the OP and Forest areas respectively.

13. Rarefactions have shown 154 species were found when 2628 species were
sampled in the unweeded RP plantations, whereas the same number of
species (154 species) was obtained only when 4704 individuals were
sampled in the weeded areas of the RP.

14. The SAD curves of the pooled samples of the OP and the Forest areas show
a lognormal distribution, whereas the RP areas fit a log series distribution
as well as lognormal distribution indicating disturbance and change in its
vegetation composition.

15. The RP areas have been extensively sampled and this has resulted in the
inclusion of several rare species which fell below the veil line. The dominance
of grass species such as Axonopus compressus, Cyrtococcum patens,
Cyrtococcum oxyphyllum, Oplismenus compositus, Cynodon dactylon and
Scleria corybosa is a result of the availability of suitable niche and resource

apportionment. The very low abundances of the rare species (21.5 species
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behind the veil line) are resulting in a change in the composition of the
species. This change has been brought about by disturbance. Elimination of
several species and invasion of several species with high abundance value
has resulted in a species composition that is dominated by a very abundant
species. This has resulted in low ;avenness and comparatively high dominance
of a few species ecologically and numerically.

16. The Shannon index of the RP areas is 4.002, of the OP areas is 4.295 and for
the Forest areas is 4.48. Randomization tests of Solow (1994) have shown
these differences to be significantly at the 5% level.

17. The Renyi Family diversity profiles (RF) and the Right Tailed sum diversity
profile (RTS) of the RP, OP and Forest areas have shown that the rubber
plantations are lower in diversity then the Open and Forest areas.

18. The low diversity profile of the Thenmala RP areas which are situated
within the Forest is due to the non establishment of diaspores from the
surrounding forest.

19. SHE analysis has shown that the equitability varied in the RP, OP and Forest
areas. It decreased with more sampling effort in the RP areas which showed
a sharp decline in evenness although it showed an increase in species
richness. This increase in species richness is not reflected well in the
diversity which remains relatively constant owing to the sharp decrease in
evenness. The equitability also decreased with more sampling effort in the
OP areas whereas it remains fairly constant in the Forest areas.

20. Thus SHE analysis and the SAD curves suggest that the OP areas are like
ecotones and resemble forest thickets which are natural assemblages found

in the edge of the forest which is capable of regenerating forests.
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21. The PCA ordination plots show that the vectors that are responsible for
more than 30% of the variance are Ishaemum indicum, Oplismenus
compositus, Cyathula prostrata and Cyrtococcum patens. A distinct deviation
from the species composition of the Forest in both the RP and OP areas is
brought about by these vectors. It is evident that the two areas are under
stress and undergoing a successional change in vegetation.

22. The nMDS ordinations show that there is a similarity in the species
composition of the RP and OP ecosystems. The RP ecosystems are distinctly
different from the Forest ecosystems. A trend of succession is evident in the
rubber plantations which is changing its vegetation towards a composition
similar to the Open areas.

23. The RP areas have 160 medicinal plants belonging to 58 families. No
endemic medicinal plants were found in the OP areas. RP areas provide a
habitat that is suitable for the growth of several medicinal plants as well as
endemic medicinal plants.

24. The study has revealed the presence of 48 endemic species (11.4%) in the
rubber plantations. The gradual succession and homogenization of vegetation
in the rubber plantations could eliminate the niches in the habitat where
these plants survive and jeopardize the growth of endemic plants. The
numbers of endemics that survive in the OP areas are low as these habitats
are harsh and the endemics have to face fierce competition to survive.

25. Phenological studies have shown that the RP areas are more suitable for
sciophytes (shade loving plants) and for the growth of zoochorous species

such as Ixora brachiata and Memecylone umbellatum. The high prevalence of
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heliophytes in RP areas is not a natural plant association. It is more of a
response to disturbance and exposure of the ground flora to more sunlight.

26. There is a significant retardation of germination and reduction of seedling
growth of Oryza sativa and Chromolena odorata by the leaf leachate of
Hevea brasiliensis under laboratory conditions.

27. A large number of the naturally growing plants found in the RP areas have
seeds that germinate but show low viability. This could add to the
allelochemical stress undergone by these seeds to germinate in the
plantations. Abundant rain in Kerala could form low concentrations of
allelochemical leachates which could mitigate the stress situation.

28. Low abundances of plant species in rubber plantations is a cause of
conservation concern.

29. Differences in species composition between Forest, OP and Mature RP
ecosystems in this study suggest such slow changes. If these processes
operate over the entire landscape, community structure and local extinction
may be predicted, at least in part. The vast areas of land under rubber
cultivation only compound these effects and will have further consequential
effects on the remaining conserved forest areas.

30. Rubber farming ecosystems can be used as conservation links in a matrix of
Tropical forests and farming ecosystems for the conservation and
restoration of endemic and threatened species

31. The presence of a large number of medicinal plants and endemic plants in
the RP areas can conserve these plants at a landscape level. This however
requires planning at a local and landscape level and proper management of

the rubber farming ecosystems.
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32. Rubber plantations in Kerala with its vast expanse and proximity to
Tropical rain forest offers a means to restore ecosystem functioning and
the advantage of a cash crop.

33. Rubber plantations adjacent to reserve forests and those that form the
matrix within forest fragments can be used as foster ecosystems to enhance
the recruitment, establishment and succession of native species.

34. We must consciously promote the growth either by allowing naturally
growing plants or by planting late successional and deep -forested animal
dispersed species in the rubber plantations.

35. To name a few plants that are of conservation and medicinal importance
that can be cultivated in RP areas are trees like Adenanthera pavonina,
Antidesma acidum, Aporusa lindleyana, Artocarpus hirsutus, Salacia oblonga,
Azadirachta indica, Bixa qrellana, Naringi crenulata, Tabernaemontana
heyneana, Xylia xylocarpa and shrubs like Anamirta cocculus (woody
climber), Piper nigrum,, Piper longum, Ricinus communis, Zizyphus rugosus.

36. Preliminary seed bank studies have shown that the soil in the RP areas also
does not have the deep forested species.

In conclusion it can be said that conservation studies should go beyond
using species richness as the sole indicator of diversity. To attain a more
complete understanding of diversity, quantitative studies such as the measure of
relative abundance should be used to conserve and determine the status of

threatened plant species.
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Summary

Summary

The qualitative assessments made on an intensive spatial and temporal scale
of the RP, OP and forest areas show that these areas are species rich. They show the
presence of 420 species in the rubber plantation areas (RP areas), 115 species in the
Open areas (OP areas) and 187 species in the Forest areas. The number of species
observed in the qualitative assessment is considered S wue and considered to be the
actual number of species present in the sampled area. The RP areas have 160
medicinal plants belonging to 58 families. Seven medicinal plants in the RP areas are
endemic. The study has revealed the presence of 48 endemic species (11.4%) in the

rubber plantations.

Quantitative assessment of the RP areas shows an all sample index of 216.
This is the number of species observed in the quantitative sampling (S obs). This is
much lower than the number of plant species observed in the qualitative assessment
S wrue(420 species in the RP areas alone). This is an indication of a large number of
plants in the rubber plantations with very low abundance value because of which
they could not be sampled. There is a slow acquisition of species in the RP areas.
Species accumulation of the RP areas showed that Smax was reached with 92
samplings with an accumulation of 216 species. In the OP areas Snax was reached
with 27 samplings and an accumulation of 160 species. The Forest areas the same
was reached with 35 samplings and an accumulation of 168 species. The species
accumulation curve of the RP areas smoothen with just 10 randomizations. This
indicates that these regions are less heterogeneous. The asymptotes of the species

accumulation curve and the rarefaction curves suggest adequate sampling.
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Parametric and non parametric species richness estimators showed that the S s of
the quantitative assessment and the Smax estimated by the parametric and non
parametric species richness estimators are nearly the same. This reinforces the
adequacy of the samplings. Single sample rarefactions have shown that in rubber
plantations the number of species that can be expected from a randomly chosen

subset is significantly lower than that of the Open areas and the Forest areas.

The Rank on abundance plots of the rubber plantations areas have indicated
high species richness and low evenness and that evenness increases in the unweeded
areas. The Species abundance distribution curves (SAD curves) of the pooled sample
of the OP and the Forest areas show a lognormal distribution whereas the RP areas fit
a log series distribution as well as lognormal distribution indicating disturbance and
change in its vegetation composition. . The dominance of grass species such as
Axonopus compressus, Cyrtococcum patens, Cyrtococcum oxyphyllum, Oplismenus
compositusans, Cynodon dactylon and Scleria corybosa is a result of the availability of
suitability of niche and resource apportionment. The very low abundances of the rare
species (21.5 species behind the veil line) are resulting in a change in the
composition of the species. This change has been brought about by disturbance.
Elimination of several species and invasion of several species with high abundance
value has resulted in a species composition that is dominated by a very abundant
species. SHE analysis has shown that the equitability varied in the RP, OP and Forest
areas. It decreased with more sampling effort in the RP areas which showed a sharp
decline in evenness although it showed an increase in species richness. The SHE
analysis and the SAD curves suggest that the OP areas are like ecotones and resemble
forest thickets which are natural assemblages found in the edge of the forest which is

capable of regenerating forests.
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The Shannon index of the RP areas is 4.002, of the OP areas is 4.295 and for
the Forest areas is 4.48. Randomization tests of Solow (1994) have shown these
differences to be significantly different at the 5% level. The Renyi Family diversity
profiles (RF) and the Right Tailed sum diversity profile (RTS) of the RP, OP and
Forest areas have shown clear verdict that the rubber plantations are lower in

diversity then the Open and Forest ecosystems.

The low diversity profile of the Thenmala RP areas which are situated within
the Forest is due to the non establishment of diaspores from the surrounding forest.
The abundance of pioneer species could either modify the microsites in which seeds
germinate and plants establish themselves or they may influence the emergence and
survival of certain forest species thus influencing the composition and spatial structure
of the seed bank. Various grass species have been found to be responsible for the
change in the vegetation of the different RP areas. The prevalence of various types of
grass species in RP areas is an indication of successi(;n and changing vegetation. The
homogenous vegetation and the resultant homogenous habitat can have grave
consequences as this result in a decrease in plant and consequently animal diversity.
Single sample rarefactions of weeded and unweeded areas have shown that
heterogeneity increases when the rubber plantations are left unweeded. The PCA
ordination plots show that the vectors that are responsible for more than 30% of the
variance are Ishaemum indicum, Oplismenus compositus, Cyathula prostrata and
Cyrtococcum patens. A distinct deviation from the species composition of the Forest in
both the RP and OP areas is brought about by these vectors. The nMDS ordinations
show that there is a similarity between RP and OP areas in the species composition of
the grasses. A trend of succession is evident in the rubber plantations which is

changing its vegetation towards a composition similar to the Open areas.
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The gradual succession and homogenization of vegetation in the rubber
plantations could eliminate the niches in the habitat where these plants survive and
jeopardize the growth of endemic plants. Phenological studies have shown that the
RP areas are more suitable for sciophytes (shade loving plants) and for the growth of
zoochorous species. Allelopathic studies have shown that there is a significant
retardation of germination and reduction of seedling growth of Oryza sativa and
Chromolena odorata by the leaf leachate of Hevea brasiliensis under laboratory

conditions.

Low abundances of plant species in rubber plantations is a cause of
conservation concern. Low abundance and elimination of plant species can have
other consequential effects on the ecosystem. Differences in species composition
between Forest, OP and Mature RP areas in this study suggest such slow changes. If
these processes operate over the entire landscape, community structure and local
extinction may be predicted, at least in part. The vast areas of land under rubber
cultivation only compound these effects and will have further consequential effects
on the remaining conserved forest areas. There is a strong relationship between
statistical components, diversity and extinction which cannot be ignored. The study
also reveals a tendency for the rubber plantations to favor the growth of plant
species that naturally grow in the Moist deciduous forests. Presence of several
growth forms and the vertical stratification in rubber plantations indicates an ability
to regenerate forests. The vegetation of the unweeded RP areas over a period of time
leads to a species compositional change which indicates restoration towards a pre-
disturbance level. This also leads to higher species evenness and a large number of

pioneer tree species typical of a forest succession.
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Rubber plantations adjacent to reserve forests and those that form the matrix
within forest fragments can be used as foster ecosystems to enhance the recruitment,
establishment and succession of native species. Initially natural forest stands near a
restoration site can provide baseline data that can be utilized in the evaluation of the
extent and rate of plant species recruitment and establishment in plantations. We
must consciously promote the growth either by allowing naturally growing plants or
by planting late successional and deep-forested animal dispersed species in the
rubber plantations. To name a few plants that are of medicinal importance that can
be cultivated in RP areas are trees like Adenanthera pavonina, Antidesma acidum,
Aporusa lindleyana, Artocarpus hirsutus, Salacia oblonga, Azadirachta indica, Bixa
orellana, Naringi crenulata, Tabernaemontana heyneana, Xylia xylocarpa and shrubs
like Anamirta cocculus (woody climber), Piper nigrum, , Piper longum, Ricinus
communis, Zizyphus rugosus. Preliminary seed bank studies have shown that the soil

in the RP areas also does not have the deep forested species.

In conclusion rubber plant diversity analysis has shown that rubber farming
ecosystems have a low diversity profile. These areas are species rich but show a low
evenness because the vegetation in rubber plantations is dominated by a few
abundant successional pioneer species. As a consequence of this several species have
become rare and have low abundances. The study emphasizes the importance of
measures of species diversity based on relative abundance as well as richness in
order to capture the full complexity of diversity in conservation studies. Rubber
farming ecosystems show the presence of several medicinal and endemic plant
species but their survival can be jeopardized by the successional change as result of
the present methods of weeding and cultivation. Rubber farming ecosystems have

the ability to regenerate forests. It has the ability to nurture the growth of several




Summary

plant species when left undisturbed. In the present scenario the vast expanses of
rubber plantations can be utilized to conserve the existing forest fragments by

planting late successional species, medicinal plants and plants which are in the verge

of extinction in these plantations.
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46 Upputhali Acanihaccae Sub .shfub Degrd.for.Plaiiw
Aswlii.'iui Ev
47 dahelltana Sant. Acanihaccnc Herb ev.gr. For.



Axonopus

compressus(S™*i.)
48 P.Beauv.

Aiadirachta indica
49 A. Juss.

Bambusn
51 bambasO-
Bnrlf.rin huxi/olia
51L.

52 Barleria cristaia L.
Bauhtnta
53 malabarica Roxb.

54 Bidens pilosa L.

Biophyium
reinwardui (Zucc.)
Klousth.var

55 reinwardlii

Biophylum
sensitivumiL.) DC.
56 V«r scmiiivum

Bi/jphyium
sensilivum{L.) DC.
Var candolleanum
(Wighl)

57 I-dKcw.&llook.t.

Bliunvillfti acmella
58 (1..) Philip

BUphanslemmn
59 serraium (Dcniui.)
Blunua lacerai
61 Burm.f.) DC,
Blumea
mo//w(D.D<Mi)
61 Merr.
Blumea oxydonia
62 DC
Boehmarui
macrophvlla
llomcta Var.
6? iTMcrophvlla

8r rh(iiitivia
64 diffusa 1.

Bues/rnhergia

pulchfrrnma
65 (W all.K).KiK

66 Bombax ruba 1.

Brachana ramom
67 (L.)Siapf

Table 45

Aarivaveppu

Mulla

Aruinpuli

Mukkulti

Nilamtbcngu

Nirkuninda

Rakilla

iha/hulhanta

IvUvu

Poaccao

Mtihaceai:

Poaceae

Acanthaccac

Acanihaceac

Cac.ulpmiaueac

Asleraceac

OxaliUaceue

OxaJidaceac

Oxalidaceac

Aucraceac

Rhi/ophoraceac

A.stcraceac

A<)icraceac

Aiieraceae

L'rticateae

Nvciasinaccac

J.iriKiberaccac

BoiDbacdLuac;

Poaccae

Hcerh

Medium iree

Shrub
Small prickly
«hrub

Shnjh
Small tree

Shrub

14-ocl herb

Hert)

Herb

Herb

Small ircc

Hretl herb

[ircci herb

Hob

Shrub

Projitrati; herb

Annual herb

Vorv large iree

Herb

Chapter 4: Results

Moist&dry
dccd.for.,Open
areas,paddyficid
»
Dry deed. For.,
Cultivated
Fiv-gr-for-.Dry
deed.for.,Gra.Mla
ruJ
Fndcmic to
Open areas peninsular India

Moist deed. | or. .
.Plains

Deed. for.
Open areas,a
weed

Moist deed. for. . f

.Ptantaiion”.
Plams

Dry deed.
for..Gra.wlands

Dry deed. For..

Gras.sland'i

Dry deed. For., O
Plains

Scmi ev. Gr.
lor.,Moist dced-
Jor., Plaias

Dry deed. For., .
Plains

O

degr.deed
for.gra-ulandA

ak>ng streams
and open areas

Ev. Gr.lor.
Moisi* Exy

deed. For., O

Wains

Evgr.for..Semi . . rhreatcned
ev.gr.for. Navarl997
Semi ev.gr.

For.,Moist deed. . .

For.

Gra.wlandi.Mois I I II I l

tdecd
fore.st.Open arc.s



Table 4.5 Chapter 4: Results

S«mi ev, Gr. [ ]
Bridelia retusa (L.) I'or.Decd. For,
68 Spren*. Mulluvenga Iviiphorhiaccac  Miidium tree Ptauu
Bulhofiylu
Wall.cxRoxb Gra.ulands,Open
69 Cvtvrawac llorb arcas
Moi.1t dewl. ) O
Caesalpinia for.,Degrd for.,PI
7(1 munosoides Lam.  I'heermillu rae.salDiniaceac Climbing shrub  aias
Caladium
bicoloriAH.en ®
71 Drvand.)Veni. Kaatu chcti4>u  Araccac I'uberous herb Open areas
Calycoptehs Mois| deed. Y O
72 floribunda Lam. Pullanni Combrelaccae Woodv climber  l-or,, Plains
CanQiium m
(lugusiifolium
n Roxb. Katiaramullu Rubiaccac Scandcni .'(hrub ~ Semi Ev.gr.for.
Canthium dry deed.
cnromandeUcum I-'or.,saaed Y Y
74 Burm.f.Alston Karamullu Rubiaceac Shrub groves
) ) [ ]
Cardiospermum Moist deed fw..
73 halicacabum L. PaJuruvam Sapindaoiac riimbinc herb Scrub iuni:lc.i

Moi.1t & Dry Y
Careva arhoma deed. For.. 0

76 Roxb. Aalam Lccvthidaccae Small Iree Hiairts
Hv. Gr. For., A
77 Calyola eurens L. Anacana Arecaceae Tree Plairu
78 Cassw Kivantca Caesalpiruaceuc Tree lixotic
Deed,
Ceniella asiatica For..plains,Wet
79(L) Kudakkan Apiatcae 1"Miraio herb places
Deed. 1or.
Centrosema Plantations,
80 pubescens Bk-nih.  Kaltupavani |-'abaceae Slender climbcr  Plains
Chamlifirtsia
mtmos<iules(L.)Ctrc dryand moi.st L
81 enc. CeniChakara Cdc. alpiniaccac ~ orcct herb deed.for.
Cixasxsalin
curvtflora Wall.ex ® ®
Kur« Thw. Var [ ) [
ophioxyloide.i (
Wall.) Deb& All types of
H2 Knshiu Vollakurinn Ruhiaceao Shrub toresi.s. Plains
Chromolaena [
odoraia { 1..) Cumtnutiuit
83 & Rohins. pacha Astcraceac Shrub Open areas
Chrysopugon
aricuUilus{RH7..yTT Degr.dry&MoisC L O
84 in. Snchapullu Poaceae herb decd.for.,plains
I-v. Gr, For.. # .
Semi ev, Gr.
Chukrasui I'or.. Moist deed. [ ]
85 UtbuUins A. JuB.  Karadi Mcliaceac LaTSe tree For.. Shola for.
Cinnamomum
malahairum Fv. Gr. For., o [ ]
86 (Burm.f.) Bluitk. Vavaiu Laurau:ac Medium tree Semi ev, Gr. For.
Ctssampelose #
partira L. Ilerhaceou.s Deed, For., 0
87 var.hirsuU Malalhaniei Mcni.sncrmawac climber Plains
Semi ev, Gr.
Cissus disc.oior For., Moittdecd. L °
88 Blume Nicriniampuii ~ Viuwae Shrub For.



89 Cissus repens Lam.
Cleome
inoHophylUi L.
Clonme

91 rulidasverma DC.
Clerodendron

92 Daniculaiumm 1..
Clerodendron

93 viscosum Veni.
Clidemia hiria (L.)

94 D Don

95 Clilorta lernatea L.

Comhre.tum
96 albutum G. Dons
Commehna
iiUf.nuaia
97 KoerusexVahl
CommeUna
98 benshalensu
CommfUna
ensifotia R.Br.
ommelutn
n)() mnculata lideew
Costus
iNrLWiUi(Kocntg)
101 J.I-.Siniih
Crinium lati/olium
102
(Wlialt/rM
humi/usa Graham
103 cx Benth.

Cucurligo
104 orchiodesCiikertn
Cucurma
neilgherrensis
105 Wiuhc
Cucurma
fseudomonlana
106 Graham

Cucurma zedoaria

107 ( Chnstm.) Rose.
m crmain
10?1 on
Cyanotis
luf}ero.in{RoKh.)
109 SchuK.f
Cyanotis
villojfl(Spri;ng.)Sch
110 uli.f.
Cveilhutn
pra.<ir<]ii{l..)
tn Blumc
Cyclea
pr/fala(Lam,)Hook
112 I-Thoms-

Cyntinriium uliilum
in Wight & Am.

Cynodon daciylon
114 (LP>"ts

Cyperuf

d\ffusus Vahl.ssp
115 monostachvu.'s

Table 4.5

Mneampuli

Neelavcia
Knshnakireeda
m

Perivelum

Shankhapuslipa
m

Maniakodv

Kanava“hai

L'hanna

Nilapana

Koova

Manja
koova. Ka.«ihun
manial

Cherukadaladi

Padathalh

Kanika

Viiaceae
Capparaccai-
Capparaceae
Vcrbenaa-ae
Vcrbenateac
Mula.Momac£ac

I'abaccac

iroiiibrctaccac

trommelmawac
(*mimelinaceae
(ommelinaccac

Commclinacoac

Zingihcraeeae

Amarvlliiaceao

i'abau:ac

HvDoxidaceae

lineibcraccac

Zinaiberaceac

Zirgiberaccac

Vonvnehndceae

Conimtlinacoae

ConuTwlinaccac

Anur&nthaccac

Mcnispornuccae

Awicniailaccac

Poaceac

Operaceao

Scandem shrub
lircct herb
Herb

Shrub

Small tree
Shrub

Climher

Woodv climber

Mcrt)
Herb
Slorxlcr herb

Jirecl herb

Horb

Perennial herb

Herb

Morb

Rhiramatous herb

Herb

Rhi/oimtou.<i herb

l«i;i herb

Perennial herb

Herti

Herb

Climber

Twininfi herb

Horb

Herb

Chapter 4: Results

All types of
forejst

Dry «lecd for.,
Plain

Coastal areas

Cultivated L4
Degrd f«..

Plains W O
Degr. For. Areas

Open areas,

cultivated

Scm» ev. Gr.

I'or., Along.«iide
nvcr bank-s

Gra.vsland.s.plain hd O
s

Dccd.lor.,()pcn

areas

Gra.«laniU.Sairc
Idgrovewv

Kv.er.fw. %

Semiev.gr..Moixt
deed.tor-.Plaia’s t (@)

Gras.sland ®

Cira.vsland®
Moist deed. | or.
Grasslandii
.Plains

Gravlaiids

GraA.<land,()pcn lindenuc to
areai peninsular India

Moi.sl deed, f-or.,
Plaim 0

Grasalands.Derg ® o
r.for.,Opcn aa-av

Gra.'wlands.Wel lindemic to
rocks penmsular India

Mowt deed. E-or.
Semi

ev.gr.for.,Moi.« k O

decdlor-.plains

Hv.gr..Semiev.gr.

Lor. l #
lindemic to south
western ghat.s.

Rare{
Semi ev. Gr, For, Navar.1997)
Paddy field.” ®
<i>en area.s
L J

alone "Ueanis



Table 4.5

Cyperus zollingeri
116 Steud.

Cyrtocorr.um

longipes{'M\%\A&\

m.cxHoolc.fJA.Carr
117 us

Cyrtococcum
yx)phvliumt Steud.)
118 SUDf
Cyrtococcum
palen.i(\..) A.
119 Cainux

Cyrtococcum
Jngonufli(Rctz.) A.
12(i (“ainus

Dalbergia harrtdci

121 ( Dennst. Mabb. Aanaiiullu
Dalbergia
lanceolaria L f.

L~ lanceolana Vdlccti
PnlhfrKiti
Umceolana L.f.

-121 ssp. Panioilaia Pinekanni

Dnibergiii lattfolid

124 Roxb. Hed
Dalbergiu volubilts

12S Roxb.
Dfndrocnide
smuata

126 (Blume>Chew Anamavakki
Derns brevipes (

127 Benth.IBaker
Oesmodium
ahsicarpoides van

128 Mccuwen
Dfsmodium
ferrugineum

129 Wall.ex Thw.

Desmodium
130 gangeitcum{L-+ DC Orila
Dtsmodium
heterophvilum{*i\
131 d)DC.
Desmodium
microphvilumO'hu
132 nb.)DC.
Oesmodium
pulctullumiL.)
133 Benth- Chcrupachotti
De.rmodium
134 inHorum (1.-)DC.  Cherupulladi

Desmodium
135 IriiiuelrumIL.)Di\ Adakkapanal

Desmodium
136 zonatum Mig.

Dtgilnna cilians
137 (RctE.)kocler
lyigii/iria
tongiflora
13K {Ret/-)Pers.

('VI>eraccac

Poatcao

Poaceac

I**)ateai;

Poaccae

labawac

labaccac

I'aba(X‘ac
I'abdccae

Fabaccac

L'rticaceac

I'abaccac

|-'ahaccac

Fabaccac

I'abaojai;

I'abaceae

I'abaccac

|-'abaccac

|-'abaurac

I-abaceao

I-abaccao

Poatcac

Poaceac

Herb

berb

herb

herb

h<rt>

Climbint: .«tinjb

Medium iruo

Medium (reo

I~ae Irec

WiKHIv climber

Snullircc

W(X)dv cliinber

Ercct herb

Sub <hrub

Shrub

Prostrate herb

Herb

sub shrub

Prosuate herb

Shrub

Ereci herb

licrb

Herb

Chapter 4: Results

Moi.si deed. I 'or.

Evgr.for.,Dr>-
dml.for.,Gra.«la
nd

Moist
dcul.for..Seini
ev.gr.forlivgr.fo

Moisi
deed.for.Plains
Damp placcs
along .wai:0a.'«
Open area.l.
horcsLs

Semi ev.gr.
I-ro.,Moi.si
:decd.for..Sacred
Isrove.s

Dry and Moisl|
deal for

Dry and Moisi
docd for.
Dry and Moi.si
deed for.

Moist deed for.

Ev, Or. For,

Moist decd.for

Moist decd.for
Deed.. Moist
deed for,
plantation.s
Moiju
deed.tor.,plantati
onr

Dcrgraded mois|
decd.for.

Gra.uland.savan
nah

Moijst decd.for.
Moist deed, for.,
Cras.<land.s
Scmi
ev.gr.for..Moist
decd.tbr.,Plains
Som»
cv.gr.for.,moi.«
decd.for.

Moist
dccd.lor..Gra.wla
nd.Ooen area.«

Gra.vstand.<,()pen
areas

*0
e ©

eON

O

I"Tuiemic to
Western GhaU

Ivndemic to South
Western ahats

Vulnerable [i:t'N
2000

Endemic to
Western chaw



Dtoscorea

139 bulbifera L.
Dtoscorea

140 DeniaohvUa L.
Diosrorea
tomenlosa Kuonig

141 ex Sprenx.
Diploclisia

142 ) Diels
Dipierticanihus
vroslr(iiu.i(Pot.)Sc

143 €%

Drypetes venu.tta {
WighOPax&

144 Hoffm.

Eclipta proslrala

145 1U L

Elaeoctirpus
146 glandulosus Walt.

Elasiosiemma
147 lineolatum Wiahi

Eiephantopus
M* scaber L.

Eleiiaria

149 cardanwmum ( L.)
Eleutheranlhera
rurftfru/«(SW)

ISO Sch.Bip.

Emilia sonchifolia
151 (L.)DC.

152 Euchorhia hirtol-
Ficus exasperata
153 Vahl

154 h'icus hisDida L.f-

h'imbristylis

rfic>icio(*ifj(L.)Vahl
155 ssodichwoma

Flemmgia

sirobilifera (1-)
156 R.Br. lix Ait.f,

Flemingui wallicht
157 W i~ & Am.

Fluggeii virosa <

Roxb.cx Willd.)
15« Baill.

Geophylla repens
159 (L.) John.M.

160 CAohha maratinal.
Olorhtdion

161 eiliDUcum Wighl
Glor.hutwn
zeylamcum (

162 Gaerln.) A Juis.

Table 4.5

Katiu kaachil Diasccreaceae

Noorakizhaneu Dioscoccao;ae

Kavau Diascoreaccae
Vanoli Mcnisncrmaccac
Acanthaccac

Konnamarain Hui>horbiaccac

Kavvuimi Asteraceac
)Ura [ilacocaipaceac
i;nicaccae
Anachuvadi AS5U»'accai;
Yilam ZmeitKraccac

rsleraccac

Muvalchcvian  Asleraccac

1

kuzhmaeapnala HuDhorbiaccac

Therakom Moraccae
rhondithcrakoin Moraccac
Cvperaceae
Kumalu h'abaccau
Fabaceae
Pcnmklavu F,uphorbiaceae
Kanmutihil Rubiaccac
/.ingibcraccac
Nianitidi i“phorbiaccac
Noervetti liunhi>rbiaccae

Climbme shrub

Climbing shmb

Climbing thrub

Woodv climber

iUerb

Medium irce

Herb

Medium Iree

Herb

Herb

Rhi/omaious herb

herb

Prostralc herb

Kriji;l herb

Small tree

Small ircc

Herb

Shrub

lireci shrub

Small tree

Proslralc herb

Rhi/oimious herb

small tree

itniall tree

Chapter 4: Results

Mo I51
deed.for..Plains

O
e #

Degraded deed
for.

Semi ev. Gr.
I'or-, Shola for.
Hv.gr..Semi
ev.gr.fro-.moisi
deed for.

Degr, For.. O
Plains

liv.gr, I'or.. Sem
ev. Gr. For.

hindemjc to
Wc.Mem ahau

Paddv
F> gr. For. Semi
ev. Gr. For..

Shola for-

Hv.gr. Fw., Semi
ev. Gr. | or.

Mowt decd.for..

®
‘e

O

Plains

O
O

liv. Gr. For.
Culiivaied
Degr-mowi °
decd.f(M'. ptain.«
Moi.« & Dry
deed. For..
Plaias

degr.Jecd.for..PI S b
ains.Planiaiioas
b O

Moist deed for..
(]

Plains

Semi cv gr..Moisi
decd.for,Plains

Dcgr. Deed.
For.,Cultivated
land,Riverbanks

Scmi cv. Gr.

For. Deed

for..Plains .O
Ev.ct I-or. L4

Dry and Moi.tt [ O

deed for.nams

Senu cv. Gr. For.
Moist deed- for.
Moisi

deed.for ,Gra.<isla
nd.Oponareas

Hv. Gr For. I.iidemic K)
,Shola tor Western ehats
hv. Gr for.. semi

cv. Gr. For., [ ) O * lindemie lo
Plains We.Niem ghats



Table 4.5 Chapter 4: Results

[ ] [ ]
Semi ev.gr. for.,
Mowi decd.&dry
Glonosa fuperba deed. for..Sacred
163 L. Menthiinni Liliacvac Climbme herb eroves
Clycosmis
ptnlaphyllij (Rctz.) Scmi ev gr..Moist O
164 Dec. Pinal RuUccae Small ircc decd.for.Plains
Moim & Dry
Gmelina arborea deed. l'or.. °
165 Roxb. Kumhil Verbcnaceae Medium tree Plains O
Comphosiemma I"demie to -"outh
166 eriocarpa Benth. Ldrruacoac Slcndcf herb I-v.Gr. lur. western ghats
Gomphrena ° O
161 celasiaides Man. Amaranihaceac  Herb Deed. h'or.,P)aia-s
Semi ev. Gr. )
I'or..Scrub
Grfwia nervosa( Jungie.«.Sacrcd °
168 l.our.) Panierahi Kottakka Tiliaixac Small irec firove-s
Gynandropsis Deed. for. ® O
169 eynandra Karavela Canoaraceae lireci hi;rb .Plains
[ ]
Gynura auranliaca
170 ( Blumej DC. Astcraccae Herb cultivated
Hedyotis c-?
171 auricularia L. Erachikciti Rubiau;ae Herb Dear.for,Plaira
lledyoiis O
172 brachiain{WtgUt) Rubiaccac Herb (pcnarea.s
IlIfdyi‘ii.~
corymbiisai I-.) O
173 Lam. On~umba Rubiaccac Herb Degrd.for .Plains
Deed, i‘or.,
Hdampin Planuiion. ° O /\
174 Hekciris isora L. va]lanv»n Sterculiaceae Small [tec Flams
Heliolropium I.kaeshorc.H
175 indicunt L Thelkkada Borasinaceae Herb .Paddyv rield< L
Docd
flemidrsmus tor.Plaias.Planiat
176 indicus(L.)R.BT. jianineendi Penolocatcae Shrub loLs
[ ]
Illevea hrazilienxis
177 (Willd. 1-aAlJu.«,) Rubber Huphorbiaccac Tree cullivaled Inirodut'cd
Hihiscus Matiipuli.Uppan Dry* Moist
178 hiseidisstmus Gn/f. iduin MaHaccac Raoiblini' 'hrub  deed for., Wains O
Hiinscus Mlamkuruparctt Dry -Moisi
179 iunariiotms Wild  hi Malvaceae shrub deed. For.
Hibiscus Scandcnl <iub Moist deed. Fot.. PY
18(1 suiaitensts L. Kakkapoovu Malvaccae shrub Plains O
llolarrhena [
pubescens ( Buch- Moi.st deed. I'or.,
Ham.) Wall. Ex Dry deed. | or. O
181 0-Don Kadaiapala ADOcvnaccac Small irec .Plains
Moi.stdecd. I'or,
182 Husonia mysiax I.. Modirakanni linaccai: Cltmbing shnib plains L4 O
Hvnrophila nngens
183 (1.,)Sieud. Acanihaceac Shrub all areas
Hvpiis capitala Degr.for.Opcn @ @
184 Jaoi. Lanudccae Shrub area.s A\ Z
Hyplis Degr.deed.tor.0
185 sauveolfinsiL.) Poll l.dnuaccac Sub shrub nen area's
khnocarpus Moisi dry .O
186 /i«»ic«n5(L)R.Br Palvalli M'iclcpiadaccac  climbor decd.for-.plain.'i
ImpiUiensflatcida
187 Am. Bal.saininaccac ~ Herb moist deed. | ‘or.
Indigofera linnnei Gra.wlands
188 All. Cherru-pulladi  labacL'ao Prostraic horb ,Plains L4 O
Moi."t deed. I'or.. [ ] [ ]

189 Ipometi alba L Mandavalli Ct>nvoivulaceac Climber alons .seacoast



Ipomea
190 caiwa (L.)Swoei

Ipomea marf>maia
191 (Dew.) Verdec.

Ipomea

obscurail.iKct-
19" Gawl.

Ipomea pes-

193 caprne (I-.)R.Br.
hchilemum
iRi/i<;iuK(Houii.>Me

194 1r.

/srlifiemum
195 timorense. Kunlh
Ixiira hrachiaUi
196 Roxb.cx.DC.
197 Uora coccima L.
Ixora phnsonnn
198 llook.f.

Ixora
malabanca(McnniH
199 .) Mabb.

Jasmmum

’(K) bievtliohum A.DC..
Jasmmum
roiillennnum
Wall.cx A.DC.

201 “ai.rotllerianum
Juloftylis
augus3itfolia (Arn.i

202 Thw.

203 Jusiiria hetonica 1~
Jusliciajaponica
204 Thunb.

Juxltcui
20~ prorumhms 1.
Kammenn
cfirynph\lin la(Rox
206 b.)Nicols.Surcsh

Kno.xia mollis
207 WiBhIA Am.

Kyllinga

hrevifolia Rottb.var.
208 brevifolia

Kyllinga pumila
209 Michaux

iMg'Tsfroi’ mia
210 mttrocarva Wishl

luiK”rslroemia
211 siifciosad..) Per.l.

212 iMniana camara L.
iMiiilana camara 1-
var.aculeata (1..)

213 Moldenkc

Table 4.5

Kolambipoo

Kolambi.

rhiruthali

Thiruthali

Adumbuvalli

Maradwiti
Chetli

Chcrukaravu

Katiumulla

Kattunwila

Vollakunjnn

Venthekku

Pooiiiaraihii
Poocheili.
Konita

Konda

Convolvulaceae

Convolvulaceae

Convolvulaccac

(‘onvolvulaccac

Poaceae

Poaccac

Rubiaccac
Rubiaceac

Rubiaceac

Riibiaocau

Oleaccae

Olcaceac

Malvacoao
Acanlhacoac

Acanlhaccac

Acanthaccac

Apocvnaceac

Rubiaccao

CviXTiiiX'ac

Cvpcracciic

l.vlhraccae

l.yihraccac

Verbenaccao

Vcrbonaccac

Fwiner

Ctiniber

Twiner

Crccmne herb

herb

herb

Small iree
Shrub

Shrub

Shrub

CliirtsinE «hrub

Clinibme .<hrub

Small irolL-

Shnjb

Herb

Herti

Climbme shrub

Herb

horh

herb

Large irec

iTKdium ircc

Shrub

Shrub

Chapter 4: Results

Moisl & Dry

deed. For.. .
Plains
|

Swampv areas

Degr. For.,
Plajai

Sandy coasts
.Railawav Irac(.«
M oim
grasstand.s,l'orc.«t
niargins

Margiaf ot

backwaWrs.Gtas . .

stands

Semi ev.ar.for.
Plains

Hv.w for.

Scmi
ev.gr.for.,-Moist
dccd.for.SatTed
eroves

Shota for.

Rv.gr. Por..mojlu

decd.for.. Shola u
for.

Scmi ev, Gr. . ‘

I-'or.. Moisl deed,
[+or.

Mousl| deed
for..Open areas
Gra.viland,<>pen
areas

Moi.si
decd.for.,Ora.ssla
nds.naim

Kv gr. For. Semi
ev. Gr. For.
Sacred grovw
Hv. Gr.
For-Moi.n deed,
for,

Marshy
area.”.Openaren.s

Gra.sslands

MoKst deed. For..
Plaias

nv.gr.for.Semi
ev.gr.for..Along
banks of
nvers.Cullivated

Wid .Cultivated

K

Ciilivaled

O

Fndemicto
Wcsiem ehais

FIndemie (o
S.oulh Western
Ghats. Vulnerable

iindemie to
penin.sular India

I-Indenue lo
we-sEcm ahai.s



214 inicurvn Ruch.Ham
|Aucas
rii/;i»m(Willd.)Spre

215 ps,

irtdifH(l..)R.Br.ex
216 Valkc

iMsrri laevigata
217 (Nccs) Gamble

[i}phrilhrrum
21» iiracile Broun.

iMdwigM
219 vereniiu\..
Mararanga in%iica
22< Wiuhl

Mdcaranga peltaia
221 Roxb.l Mucll -Are.

Miiesti indka
222 (Roxb.) D{’.

Mnlloius
philippfnsis
223 (I"'m-iMucll. Axe.

MnUoius
li*.Iracoccus (Roxb.)
224 Kur/.

Mtinihiil gUiztovti
225 Mucll.- Arn.

Mftneckui longtpes
226 ( WiBhi) Wobslcr

Meiogyne pannoxa
227 (Dal/-) Sinclair

Meiogyne

ramarowH ( Dunn)

Mrliistomii
22) mrilahfiihriium 1-

Mfhcopr. lunu-
aiiki'ndii (Ciactin.)
230 Hartlcv

M~lochui

231 corchortfolui 1-
Mfmfrytone
rnndermnum

232 S.M&MR Alnieicla
Mi'.mi-tylonr.
umheUiHum

233 Burtal.
M frri’ tniu
umh”llouia.MIM .f

234

Table 4.5

Thumba

rhumba

Ncefkaravambii

Vatia

Vatu

Kiroeihi

Choikoli

Vattakumbil

Kaltu rubber

Panihal tmram

Alhirani.Kadali

Kattuchcmbaka
m

Ka.savu

Anakombi

Vavara

Acanthaa‘ac

Lanuaccac

l.arniaceac

I.JUraccao

Poaccao

Sonncratiaci-ac

Huphorbidceao

l.upIKirbiaccac

Mvrsinaccac

Huph«rbiaa;ao

Lui>borbiac<.'ac

Huphorbiaccac

liunhorbiaccac

Annonaccac

Annonaccac

Mcla.'<(oimccac

Ruiaccac

Sicrculiaccac

Mcla-itomaccac

Mcla.siomaccae

<'onvolvulaeeac

Herb

Herb

lirect herb

medium tree

Herb

herb

Medium tree

Medium tree

Snull irec

Medium irce

Medium tree

Shrub

Small irec

Smad tree

Shrub

Medium irec

WiKxIv herb

vSmall tree

Small irec

IVosirau; iwining
heft)
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Deed lor.,Open
areas

Deed ten-.Open
areas
Mom & Drv

deed.
I>laiM. Rocky

arca.«

Scmi cv.gr. Eon

liv.ur.for.

Waiertogged
area-s.(Ira.<lan<b

Deer. I-or.

Moixi deal. lw,
Secontlarv for.

fiv.gr l'or.,m«iM
deid.ti>r,, Shola
tr.,Gras.«landa

I'v. Gr.

I c>r. Setiii ev. Gr.
I»r.. Moi.u deed.
1M., Plairu

I'v. Gr. fw.,
Semi ev. Gr.
For., Shola for..
Diaias

Cultivated

v, Gr. For.

Hv.tr. I-or.
Stream
hank-".MHr*hy
areax

liv.Gr.
I-or.,Semi cv. Gr.
I-iH., Moist decd-
I'or., Plains

Degr. Deed for..

Open areas

Semi ev.iir. I-or.

Semiev.gr..moi.«
deed tnr..plaias

All lypes ol
for..Plaia«

® —h
°

o)

n e

Mndeimc to South
Western chau

lindemic to South
Western ehats

(Indemic to South
We,rtem efwK

indemie to South
We.siem ahat.s



235
236

237

239
24(

241

242

245

246

247

248

25(

254

255

26(

Merremta
vmfolui{B\inn.L)\[
all.f.

Mesua ferrea L
Microxiegium
ctliiiium(@Inr\.)A..Ca
mus

Mikania macrantha
Kunih

Churuli

Mimosa diplclricha
C.Wiehu&Sanvallc
Mimosa pudical.

Milrcarpiu villosus
(S w) DC..
MoUinana
fm7i(7Cflrpa(Wight)
Balakr.

Mvllug'i
vnniaDhvlla 1-

Manochoria

Mania kolanibi

Aanaihoiavadi
rhoMavadi

PdTDadakapullu

Table 4.5

Convolvuldwdt
CluMatcac

Poaceae

\steraceac

Mimosaceae
Minioxaceae

Rubiaccae

Hvpoxidaceae

Mollueinaceac

vaeinalis (Burm.t.) Karininkovalum Pontcdcnaceae
Morinda cithfoHa Chcnimanjanaih
L. 1 Rubiaceae
uj DC, chonvalli |-abaccae
Mukta
maderaspaiana
(L.) Roem. Mukkapeerain  Cucurbilaceac
Murdannui
/(tponicn (Thunb.)
I aden (.."ominclinaccac
Murdannia
pauciflori
(WjehoBrucck- Cominclinaccac
Mussitfnda
bellila Buch- Ham. Paratholc Rubiaccae
Myxopyrum
smilacifolium
(WilDBlunK Chalhuravalli Oleaccae
Naragamia alata
WiKht&Am. Meliaceae
Naravetia

Valhaiiikt>di Ranunculaccac
Nf.anolis

monosperma( Wall
ex Wighi & Arn.)
Ochna obiusata

Rubiaceae

DC (>chnac<;ae
Ocimum

Bratissimum L- KdUuihrilha\u  l.anuaccac
Ocimum

lenuiflorum L. Krishna ihulaxi  Lamiaccai:
(Mea diotca Roxb. Bdala OlcacoAC
Ophiorrhiza

muneos L. Avtlpori Rubiaccac
Opiismenia

compositus(L.)

P.Bcauv. Poaceae

Cliinbor
larjic tree

Herb

Scan«lenl %hnih

Clinibinc sbnib
herb

Hrcct herb

Herb

Herb

henn

Snull irce

Slender climber

('limber

I-Ircci herb

{'reepini: herb

Scandenc “hnib

Climbine «hr\ib

Herb

( liinbine shrub

Herb

Small tree

Suh shrub

Sub ~hrub

Medium Ucc

Herb

Herb

Chapter 4: Results

Degraded
for..Plains
liv.Rr. I'or.

Bank.«of$u-eam.'«,
Marem of Iroe.*u
Plains.Plantalion

weed in
degraded
for..platns
plains
Degr.iiwi.?!
deed.for.,Open
area.i,plaim
Wet places of
Decd.for.,Sandy
coasts

Moilll & Dry
deed- I'or.,
Banks of streams
Paddy
field.s.l.ow
wetlands

Sea coasl .Open
areas

Secondary for,
Plaias

Deed. For. Plaias
Rv.gr.Semi
cv.gr..Moj.~decd
for.

Gra.ssland.Moist
areas

Semi ev gr
for..Moisi
decd.for.Plaias
Kv.gr for..Semi
ev.gr-for-.Sacred
eroves

Moist deed
fm'.,Plantaiion

Moi.« deed. For.,
Plaias

Gra.ulands

Moisl deed. | or.
Dry & Moisi
deed. For.
\Plairts
Culiivated as
sacred plant

Semi ev gr.Moist
decd.for.Plains
vSemi ev.gr-
I'or.,Plains
Degr.decd.for..S
hady Open
place.s

o)

O
O

o
0

MM
x

Y.

°
°0
A

[indemic to
We.Mem ahau

irdemic to
penin-sular india



Table 4.5

Oroxylum indicum
261 (L.) Benih. Eix Kura Palakapavvitni

262 Or\:a saliva L. Ncllu
Osbeckia octandra

263 (L.; DC.
Ouochloa
nc)i*(7.sa(Kunth)

26-* Dandy
Oxalis corniculaia

26" L. Pulivarila
Pajanelia
longifolia tWilld.) Payyani.A/hant

266 K. Schum. ha
Pamcum

267 hrfvifolium L.
Panicum noiaium

26» Rei7-

269 Pnnicum mii'ns I..
Paspaltdium
(lavidum(9.cu.)

27( A.Canuil
Paspalum
C(jwa7”«"(Steud.»Vel

271 dk.
Passiflora edulis

272 Sims. Pa-uion truit
Passiflorafoetida

273 L. var. foetida Chadavn
Pavetta tndica I-

274 var. indica Kamatta

Pavella lomenlosa
275 Roxb.exJ.H. Smith

Penniseium

pol\suichyonilL.)
276 Schuii.

Peperomia

pellucidai,

277 L.)Kunih Mashipatcha

Parxea macraniha
278 (Nces) Kojiicrm.

Phaulopsis

imbricolaO'ois&k..)
279 Sweet.

Phyllanlhus

amiirus Schum.&
280 Thonn.

Kulamavu

Kallurukki

ki/hukarwlli

Phyllanlhus
gardnenanus
281 (Wight) Baill.
Phyllanlhus
282 miriifolius Moon

Phyllanlhus

283 reliculalus Poir. kattunirun

Hienoniaccac

Toaucao

Melastomaceae

Poaccac

Geraniaceae

Bignomaccac

Poaccae

Poaceae

Poaceao

Poacfae

Poaceae

Pa-vifloraccae

Pa.«itloraceac

Rubiaccae

Rubiaccac

Poaccae

Piperaceae

Lauraceae

Acanlhaccac

liuphorbiaceae

Huphorbiaceae

iiluphorhiaccae

liuphorbiaccae

Medium tree

Herb

Sub shiub

Herb

Herb

Medium tree

Herb

Herb

Herb

Hcerh

Herb

Climbing .shrub

Climbing >ihrub

Smalt tree

Small tree

liert)

Ered herb

Large tree

Herb

slender herb

Horb

Shrub

Scandenl shrub

Moist deed. I'or..
Plains
Cultivated

i;V.Gr. lor.
I'ore.sl
fringes,Banks of
streams

Dcgr. l'or.
plairu

Semi ev. Gr.

I or.. Moist deed.
For., Plains
Margins of
loro.sts.Backwate
rs.Open areas
Moi.xt

deed,for, SatTcd
groves

Wotland.s
,MarshylandC'tra.s
stands,Opcnarca
5

Paddy
t'iclds,Bank.s of
backwatorsand
~«rcanM

Cras.sland.s

Cultivated. Wild

Dcgr. lor..()pcn
areas

Bank-s of
nvers.Rocky
latcrilc slopes

Semi ev. Gr.
1-or,. Plain.s
Dcgr. Moi.st
deed. I'or-.()pcn
ares

Dcgr. | or.. Open

area.s
hv. Cir. Iror..
Scmi ev. Gr.

| or.. Moist deed,
I-'or., SatTed
groves

Semi

cv.gr.for,Deed.to
r..Plains

Degr.nwi.st.deed.
lor.

Semi ev. Gr.
lor.. Mom deed
for..Gra.ssiands

ornamental

.Scnu
ev.gr.for.,Moist
dced.for..Stream
bank,lakc.«horc.s

Chapter 4: Results
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Table 4.5 Chapter 4: Results

Phyllanthus thuvanna Degr.decd.fOT..PI
284 urinarta L. kce/hamelli Huphorbiaceae ereci herb aiiu . o
[ ]
Pilea mirrophylla
2X5iL) Liebm. Urlicaccae Herb Cultivated
I:v gr. Kor.,.Sem
cv. Gr. l-or..
Moi.si deed for.,
2S6 Fwer tonsum L. KaliuihiDali Pil>eraceae Sutndenl &hrub Open area.s
l:v. Gr. For., # [
Semi cv. Gr.
287 Piver niBrum L. Karumulaku Pipcraccac Climbine shrub For., Cullivaied «
Plumbago Deed. 1-of..
288 I'umhakoduveli nricaceae .Shrub Flaiiu O
Scmi cv, Gr.
Pogoslemon I'or.. Mowi deed
289 purpurascens Dal/. Chonvamhalli I.jiniaccae Sub shrub for. Plaias o
[ ]
Dry,Moi.st deed
Pongamia pinniilri fro,Cultivated a<
29<) (L.»PIOTC twngu {-'abaceae Medium tree avenue tree
Porana volubtlis
291 Burm.f. Convolvulaceae f'limber Cultivated b
Rv, Gr. For.
.Open areas. [ J O
292 Poihos scandens 1- Anapparuvj Araceae t'limbine herb SatTcd arove.s
Pouzolzio O
iryliiniciHI-.i
29" Bennett I/nicaccat; Ilerb (>[>en arcass
Proisnsparngus
rtilemusus { WilM-I Alliypc.sof
294 Ohena SaihHveri Liliaccac Clinibmu .shrub  forest ,1"ains o
Pffudarthrid o O
vtscida (I..) wighi Moist deed. For.,
29<i & Am. Moovila I'abaccac .Sub -mstnb Plains
P.tycholria °

nilgiriensis Deb & Hndemie lo .south
296 (lanjtop. Ruhiaceac Small (Tec I:v, Gr. For. western ghats

Moist and Dry

Pitrrorarpus deed. For., [ ] O

marxupium Huxh. Vena I'abaccac l.drse uec Plains
Pterospermum
rKliculatum Ev.gr. For.. Semi [ ] [ Vulnerable IUCN
298 Wiahl& Am. Malavuram Sterculiaceae Large Irec ev. Gr, For. 2000
Pueninii [
fi/itisenli>uies (9
299 Roxb.) Benlh. I'hoiUDavar (abaceac C'limbini: herb Cultivated
Pycnospora ° O
lulescens (Poir.)
m  Schind. labaccac Traihna herb Deed for., plains
(]
Pycreus Marshyland,Wet
301 p«mi/i«(l..ONees Cvperaccac herb land.paddvfields
Rauvolfia [ O
serpentina (*>L.M) Anialpun.Sarpa Moist deed. For.
302 Bcnih. icarMihi Aoocvnaccac Herb -Plaias
Rhyncosm cana (
303 Wild.) DC. |-abaceae Shrub Drv deed for. L4
Ric.hardm ~cabru begrd
304 \.. Ruhiaccac Herb fore.st,Plaias
o o
Rourea minor ( Scm ev. Gr. For.,
505 Gaerfn.) .Vfarr. Kuritil Connaraceae Wooilv climber Sacred groves
Kungu! apicuUiUi
Bedd. Acanlhaccau lirccl herb Shola for. °
Rungm [ ]
~07 Darvi(lor<i(™\:U.) Acanihaceac [lerb open arcaj
Scmi
Rungia ev,gr.for,open
308 peclinnUiO. ) Noes Acanthaccae Herb areas
Srigerolia hamosa Kv.gr ror...Scmi ° °
309 Brongn. Rhaiimaceac .thrub cv.er.for.
(]
Salem beddomei Kv,gr.for,,Semi Fjidemie lo South

310 Gamble HippcKratuaceac rUmbing shrub ev.ar. For. Wec.stem ahaia



Table

Salacuifrulicosii
Hevne ex I"wson
SauUicia ohlonga
Wall, lix Wight &
312 Am,

Salvia leucanika
313 Cav,
Satvui tplfndfitt
Sellow cx Rocm,
Schull,

Korandi

PcHikoranii

3J4

Saprosmafof.ten.t (
315 Wiehl) K. Schum.

Sauropus
androgynous (L.)
316 Merr,
Sauropus
bacciformis (1-)
Airv Shaw, Nilam ihengu
Schumannuinlhu.'s
vangatus
Roife
Scterui
rervm”o/fIRo)U,
Helena
ierreslns<,\-.)
320 Fajuett

KaHiflcuppfl

319

321 Scoparia dulem \.. Kallunikki
SehasHatw
chamaelea(L.)

322 Muclla.-Arg.
Senna siamea t
Lam.) Irwin &

kodivarannakku

323 Bamebv

324 Senna torn L. I’hakaia
Sida acuia

325 Burtn-f.up acuia Vtulaianni

326 Sida alnifalin 1.,

Sida heddomei
327 Jacob
Sida
328 c«rdafa(Burm.t.)B Valli kurunihoui
329 Sida cordifolial Anakuninthod
SutaJryxelU

330 sivar,& Pradeep

331 Sida Unifolia cav.

332 Sida rhombifolta L, Kumntholli

333 Smilax zevlanica I.,i Karccclanchi

SoUmum

334 americanum Mil), Manuihakkuli

45

Hippoo-Mcaccac Clitnbme ,shrub

nippotrateaccae Clinging .<hrub

l.amiacoac
Lamiatcae

Rubiaceae

l:uphorbiaccac
Huphorhiacoac
Zmeihcraoiac
Cvperaccae
1
Cvpcraceac
ScTophutanaccac
Huphorbiaceac

Caesalpimaccae

Cjtf.<alDiniaceac

Nialvaccai.—

Malvaccac

Malvaceac

Malvaccac
Malvaceae

Malvaccat

Malvaccao

Malvaceae

Sinilacaeac

Solanaccac

shnib

Herb

Small ticc

Shrub

Herb

linia htfh

Horb

Herb

I'jv-ci herb

Herb

Tree

shrub

lircel **rub

herb

herb

I railini! herb
ljeci herb

Sub shrub

Sub ,“rub

shrub

Climber

Herb

Chapter 4: Results

E;v,gr, For. Semi
ev, Gr,

For- Sacred
erovc-s, Plaias

Hv.gr.for.Semi

cv,er. For.

ornamental

CulUvated

Ev.Gr,
1-"or..Shola for.

Hv.gr. For,, Semi
ev, Gr. E'or,
Secondary
for.Ciillivaleil

Gra.ssy areas
near .sea

hv. Or, For
.Semi ev, Gr.
Yor..Decd for..
Vfarshy areas

Hv, Gr .for,

Semi ev.gr. For.,
Deed. For.

Open arca.s
V7owi* Dry
deal
for.Grassland,pi

ains

Cultivated

Dry, Moist
deed. For..Plaias
Moist deed. For.
Plaias

Semi
ev.gr.Moist
deed. For..Plains
All types of
for.Plains

Open area.s

(f>en ares.Plata*

Open area-s

areas

Semiev.Gr
For..Moist deed.
For.Plains

r>egr

deed
for.,Riverside.s.P
lams

£ 5

Undemic to
Western ahatx

.( : I lindenuc lo South

Western nhau



Table 4.5

Solanum

335 cavsicoides All. Solanaccac
Solanum lorvum

336 Sw. Anachunda Solanaccac
Solonum

337 virsintanum L. a Solanaccac
SuUnocarpus
mdicus Wight

338 &Atn. Katlarr*a/hani  Anacardiacca;:
Spermacorr

339 arikularis L I'hanhvol Rubiaceac
Spfrmacuci’

340 laltfolia Aub(. Vcllaiharavu Ruhiaccac
Spermacoce

341 ocymoides burni-t. Tharakocra Rubiaceac
Spilanthus calvn

342 Dc. KuDDanunial Asicratcac
Spilunlhux

343 Asieracoae
Uporobolus
indicus(L.) .Br, Var
feriilik (Sleud.)

34" Jovci & Gucdes Cvwratoai;

Slachyphyrnium

sptctiium (Roxb.)
34" schum.

Star.hylarphela
346 indica (LiVahl.

SlachylarpheU)

iamaicemis ( L.)
347 vahl

Maraniaceac

Verbcnaccac

Verl)enaa;ai;

Sterculia guitaui

34X Roxh.cx DC- I'hotKli Sterculiaccae
SirohihiilUhus

349 cilitilus Sees. Karimkunnti Acanihaccac
Strohihinihus
35(1 hevneanus Sees

Struchium

Multukumnn Acanthacx-ac
sp(irganophorum{L

.) O. Ktte A-sieraccac

Strychno.i
352 colubrina L.
Sirychnoi minor
353 Dermst.

Vallikaniiram
Chenikaniifdm

Slrychnii-inux-
354 vomirn L. Kaniiram
Stylosanihes
fruiicosa <
355 reiz.) Abion.
SurnKoda

Loeaniaccac

I'ahac'cae

augusii/olui

(Baili.oxMuell.
35fi Ara.lAirv Shaw Huphoihiacoac
iV IfIt KD

357 mahogoni (L.) laca. Mahaeonv Muliaceae

Symplnrrii cochin

chinensis ( Lour.)
358 Moore ssp laurinil

SynedrelUi

nodiftora (1-.)
359 CjacTtn,

PachcMi SviTwlfnaccae

Mudianpacha A.«LTatcae

Shrub

Shrub

Herb

Small tree

Herb

fiircct herb

Prooiinbent herb

Herb

licrb

herb

Herb

Sub shrub

Shrub

Medium tree

Shrub

Shrub

Herb

ClinAine shrub

C'limbine .shrub

Medium tree

Sub shrub

Small irec

Medium tree

Small irec

I>ect herb

Chapter 4: Results

Dcgrd. For.
Openarea.l

Degr. for. .plains O

Ev. Gr. for.

0

* Endemic to south

Ev. Gr.
Iw.pRock

western
ghaU.Rare(Nayai

formation.” 1997)

Dry deed.
i-or-.Gra.ulands. ®

e
A
o)

plains

Moi.« dry
deul.tor..wel
placcs

Open arcas

wcl marshy open
areas

Dcgrd inoi.Ht
deed for,?lam.s

Moist.Dry
decd.for.

Semi ev, Gr.
Iw..Moisl deed. Hndeinic to South

I'or.

°m

India
Open areas

0

® e

I'or..Plains O

Fv. Gr. o o

I'or..Semi cv, Gr.

tot m Peninsular India

lindemic to south
WCSl India

Dry and Moisl
deed for,. Plains

Semi ev. Gr.
I-or.,Moi.nl deed.

lindemicto

Mv.Ef. For.
W d areas in [ J
mgrasslands

}iv.gr.fe—.,.S<;nu
ev.gr. For..
Bank-s of Htrcanis

I:v.gr. For.
Moi.'t and Dry
deed. For..
Sacred groves

l.ake .shore and
river bants

333"

I'Indenuc lo

F:v ex. For. vniasuUr India

Cultivated

hv. Or. For.,
Semi ev. Gr.
For- Shola for..
Sacred croves

Deed. tor.
.Plain."t



Table 4.5

calopHytl*oUum

36<) WalD. Mvrtaceae
caryophyllaium

361 (L.iAlston Kariniara Mvrtaccac
hfrnuphent um<~i

362 ghtj Alston Paviniaval Mvnawac
orcid*ntalisiBourd.

363 ) Gandhj Atuichamba Mvnaccac
Syzygium
ZeylaitKiun (1..)

364 DC. PoochwMuham Mvnaccac
Ta”ernaemonl/iiuj
dfvaricata (1-)

365 R.Br. Sandiyarvattom Apocvnaceae
Tabernaetnonlana
fiomblei Subram. &

366 llicnrv Apotvnaceac
Tecomana
tapensii (Thunb.)

367 Spach. Bisnoniaccac
Teciona grandis

36{ L.f. Thckku Vcrbenaceac
Tephrosia pumila

m  (Urn.) Per*. I-"abaccac
Te.phrosia Ko<liko/i)ingil.

370 DUTDurea (L-) Pers. Ko/huva I-"abaccac
Terminutia

371 calaPDO |,. Kadappa Rhi/nphoraccac
Tfrminalio

372 DcinuutaUi Roth Manilhu , Rhi/x)phoraceac
Tetracera akara (

373 Burm.f.) Mcrr. Ncnnal valli Dilleniaceac
Themeda iriandra

374 I'w.Mk Poaceae
Thenophvnum

375 infausium -N.E,Br. Araceae
Tholtea siliquo-"a

37fi (I.am.)DinK Hou Alpam Arislolochiao”

Tiliacora
(icuminuui ( Poir.)n
Micrs exilook. f.&

377 Thoms. Vallikaniiram MonisiKnTuccae
Toona ciliata

378 Rocm. Vembu Mcliaceae
Trema ortenialis

379 (1) Potiama riimccac
Trichosanthes

380 Mrvi/olia L. Cucuri>iiaccac
Tridax procumhens
381 1.
TriumphelUi
382 rhomboidea Jaoj.
Turpmia
matahanco
383 Gamble
Tytophora
in<iic«(Buriaf.)
384 Mot.
Tylophorii
moUuma
385 WiKhtAAni

Kaltupadavalam
OdivAnchi‘era Asteraccae

OoHMm Tiliatcae

Kanalckapalaiu Staphvlcaceac
Valhpala

Asclcpiadaccac

Asclt;piadau;ac

Larec tree

Small tree

Medium trw

Small tree

medium tree

Shrub

Shrub

Sub shrub

|-arae tree

Slender herb

Shrub

l.arse voe

l.arae tfee

Climbms .shrub

Herb

Herb

Shrub

Climbme ;;hrub

I-arce u-ee

Small tree

Slender climber

Herb

lj-eci herb

Larae tfee

Slenderclin~r

herb
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Ev er, For

fiv.gr.for,Scmi
ev.Rr. 1-or. . .
Hv. Gr. For., .
Sbola for.

Vulnerable [IUCN
2000

l:v gr. For.,
Bants o f streams

Evgr. For.,
Banks of streams

Cultivated

* Lower risk
Conservation
dependent IUCN

I-v, Gr. For. 200(H)

Cultivated
Moisl deed for.

o O
Cultivated

Wet rocky .
areea-s

Moisl deed, for., L 0

Gra.sslands.plain
s

0

Cultivated

Moi.si and dry
deed for., Plaias

Semi ev. Gr. For.

Dccd.for..Orassl
and,()penareas

Moi.st deed. For, Fndenuc to south

Marshy area-s western ahais

Ev. Gr. For..
Scmj ev. Or. For.

Moi.st deed. E-or.

Hv.gr. I'or.,Scmi . .

ev er. For,

Moi.st and dry
deed. For.,Plaias
Semi ev, Gr. For.
*Plains

Deed. for. ,nlaias

Degr. Deed,
For.. Plain-s

Fndenuc to South
liv. Gr. I-or. india&Sn lanka

along hushes and
thickets

FndL'iiue to South

Shola for. India



Urena lobaia I..Mp
386 lobaia

Urena lobaia «p
387 stnualal I..) Borss.
Vernonia
anthelmtniica{L.)
<88 Wild.
Veriujnin
»89 cinerea{l.) l.cm.
Vnrnonia elliptka
39(1 DC.

Vigna umbellata (
mrhunb.)<.)hwi &
Ohwhi

Wi
392 (CMhcck) .Men-.
V/edf'lia trilohata (
L.)A.S. Hilche.

liachinen.w

Xanthophyllum

394 jirnoiUanum Wight
Xgn'jsu,i}ia
tndeninta{l..)Ausli

395 n&Siaoles

Xylia xyhcarpa
396 (Roxb.) Taub.
‘/jngiber ifrumbtrl
397 (1.ja.]-:
/jizyphu.t
maunltana lLailL
‘13z\phus
399 Jiriioplfull..) Mill.

lizyphus
100 rueo.ia.lim.

milh

Gvmnospcrm

I Cycas circiiuiUs L.
flernloohvtes

Aduinium <(ipillus-
lvenens 1.
~dtanium
caudalum L.

\diantum
lunulatum Bunaf.
Cerau>piens

Ihelu:irotdes(LIBTo

4 nsn.
ChetUanihei

tenuifoUa (Burm.f.)

€ sw.
Chnsiflla
parasilicii (1..) 1L
6 IAiy.
Diptazium
escutenlumiRtiiz)
Hw.
Drynann
quernfoliti (I- >
8J.sm.
IjnJ."iiieri ~nsi/olia
9

Table

OoiMn
Uram.Uthiram

Kattuieeragam
Poovan kurunal

curiam chadi

Maniakaniunni

Madakka.moilal

Cheruvayerd.Pra
saratn

Iml.ImltHwI

Katlinchi
Juiuba
(*hcmthudali

I'nodali

lh«nh

4.5

Malvaccao
Malvaceae

A-tteraceae
Astcraccae

A-sicraceae

|-abaceac

A-steraccae

A.sieraceae
Polvealacoae

Convolvulaccae

Mima“wae

Zinziboracoac
Rhanmaceae
Rhamnaceae

Rhamnaccac

Cycadaceac

Adianiaccac
Adiantaucac
Adianiactae
Parkcriaceac
AclmioptcnJaar
ac
Thclvpicndatva*.-

A.spleniaivat’

PolviKHliaccac

Lindsatceae

Sbnjb

Sub shrub

Herb

Jlerb

Shrub

Slender twiner

Kerb

Herb

Small (rec

nrosiraic herb

l.arse tree

Rhi/omaious herb

Small tree

Clin*cr

Scandonl .«<hmb

Small palm

lorrc.~tnal herb
Small terrestrial
herb

Small (errcsirial
herb

A(Jualic herb

Small lerresirial
herb

iLm".W-ial hcrh

lerre.urial herb
A large
gregaroiu.s
epiphvie

Small lerTMinal
herb
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DeRr.for.,Plains | I | O

O

MouHi
deed.for..PlaiM

[ J
Deed for.
Deal. for, Plaias
oiliivred L4
Semi ev. Gr.
I-or.. Moisi deed B )

for.

#

N\

Mar.shv areas

Wild . Cullivalcii

nv.gr.for.Semi
ev.gr. I'W.

O
o)

Deed, for.,Plains
Moist
decd fOT. Plaia-i

liv, Gr. For.

Dry deed
for..Plaias

Moist &Dry
deed l'or..Plaias
Decd.for,Gras.sla
nds,Plains

0
°0

Moist deed. f-or..

O

Open area's

rock
cTeviees.Humid
localitie.’;

Open area.s rock

crevices

o

Open areas rock
aevices.fore.si®
Tropical and
<empera<e

regions

rocky areas,
plains

humid fore.lt,
banjc<

Open areas.
Moi."t localitie.s
Coa."al plains.
fore.sis of

O

we.stem ghat."
Open ans well
.ihded areas

I'.ndenuc to
We.stem ahai.s

cortimon

rare

not common

verv eommtm

common

u>ii)iiM<n

coinnton

uoniimm

common

common



l.ygodium

10 fUxuosum (L.) Sw.
NephroUpis
auficulaia (L)

11 Tnmen

Nepkrotepis
delkatuia {Decne.i

12 Pic.3erm
Parahemuymtes
cordata Roxb.cx
Hook.& (Ircv.

13 f raaer- Jenk
P'Ifvstkhum
mnluccense

14 (Blume) T. Moore
Pieridium
rAvoluium ( Blumc)

15 NakAi

16 Pifrts huturtia I1-

Plens
17 C(>nlus*[ G Walka
Pyrrofia
helrrnphylla (1-.)
18 M.G.F"io:

Selnginelia
deticaiula (Desv.ex
19 Poir.) Alston

Table 4.5

Schi?Aceaf

Olcandraccac

Olcandraccac

‘I'ciTc.itrial
clin”ins herb

rorreslinal hcrt)

‘rorrcstrial herb

Small icrreslrial

Mcmioniiidaccae herb

A.spkniaccac

Small Icrreslrial
hcfb

Dennstaedliaccd Upiphyteor

c

I"cndacciiii

I*leridaceae

Polvpodiaceac

l.ycopodiaceac

lithophvie

I'crresuial herb

TorTcstrial herb

Itpiphvtic

tcrresirial herb
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Open areat,
Plaim. fore«l
mareitu

Open lorest
areas

Shadeil rocky
areas

coastal
plains,high
allitudc forest

}-v. Gr. For
Moist rocks and
Mills
|-orests.Stream

banks

1'orestx.streani
banks

r<kic\
areas.lorcsis

l'orest.l. plaias

[ntlex of the plant ."*cics diMibution. The areas are classified as per the flora <Sasidharan

24M2)

Tropical evergreen toresi

Tropical .scmicvecrgreen fore.U-

Moim & Dry decidous forest-
Shola foresi-

Open a%il*-

Plains- c )

Cultivated aroas-

Marshy and wet areas—

Gras.slands-

Saaed groves-

Rocky areas *

Ilantaiion.s-

2
0

N

toinmon

common

common

1

not commmi

Rare

uininxin

Not common

Sol comnwn

conuiion

coiiuiv>n



Table 4.6
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I'abie 4.6 - I'axonomic . ecological description and conservalicm status of the plant species in the Open areas.

Name of the IVernucular

Sno. plant Iname
AnKk>sperins
Acacia
1 p</ina/n(L-)WikJ. Kanncha
2 Acalwha indica L. Kuppamcni
Adenostemma
lavenia( L.)().
3 Kilc.
4-An9inetia indica 1- Kcripu

Ageralum
5 conizoides L.
Albizia lehheck (L)
6 Wildd.

Appa.Kalappa
Vaka

AUophylus cohhe
1D Rauusch. u
AUopieris ciniciiia

8 (i.-)Siapf

Ahcasia/omicala (

9 Roxb.) SchoH
Atli*matilhf'ra

10 Dune™n-"! Kunth
Ahemanihera

11 sessiliti{\.) R-Br.
Andrngraphis
atropurpureaiDenn

12 stlALston.
Aneilemma
mwnfan«(Wighl)

13 Clarke

Ku/huppa

Anlidi'xma acidum
14 Ret/.

Arundinella
N\Spurpurea IUichst

Ayyslacia

gangelica([".)

Andcrsvar.

Arecpazham

IN\sani’ctica Upputhali
Asystacia

f(angelica(L.)

Anders var.

17 mendcliana

Aialaniia racemosa
18 Wiaht var racemosa Kaltunarakam
AXxonopus
compressus (Sw.)
19 P.Beauv.
Barteria huxifolia
21
Biophylum
Nensilivum(\.-) 1X”
21 Var sensKivum
Biophylum
sensilivum (L.) IX."

Mukkutti

Var candoUeanum
(Wight)

22 lidttcw&llook.i. Ndainthcnau

Mukkannanpc/h

Kamiiv

Mimosaceac

I".upborbiaceae

Asteraceac

Orobanchaceae

Vsteratoae

Mimosaccac

Sapiiidaccae

Poaceae

Araccac

N\marantbaceac

. \maranihaccac

Acanthaceae

Commclinactfac

Huphorbiaceae

Poaceae

Aeanthaccac

Acanlhaccue

Rutaccae

Poaceac

/Ncanthaccae

Oxatklaccae

Oxalidaceae

Habit

scandenlshrub

Herb

lirect herb

Prostrate herb

lirect herb

I1"ae tree

Small tree

herb

Perennial herb

Herb

Herb

herb

Herb

Small tree

Herb

Sub shrub

Shrub

Small tree

herb
Small prickly
shrub

Herb

Herb

Distribution

Moist deed.lor
Drv deed.for. .Plains

Itv. Gr. Iw.. Semiev
Gr. Iw.

Semi liv. Gr. Iw..
Moist deed. Iw.

IX‘td. Iw. .Plaui®
Semiev.Gr.
Iw.,Moist deed
for..Sacred aroves
Moist&dry
decdfor,.Opcniuoa.s

Hv ar h)r.

IX*gr. Dced.for..()pen
areas

Water courses, mitrshy
areas

Hv-er..scmi ev.ar fur

Rv gr IV)r. Scmi ev.
Gr. lw.

Scmi ev gr. R)r..Moist
deed for-.Sacrcd
liToves

Grasslands

Deerd.for.Plains

moLst localities

liv. Gr. For.. Sermi ev.
Gr. IH)r..)rv deed. Iw.
MoLst&dry
decd.for..()pen
areas,p;iddvficlds

O[x;n areas

Dry deed.
for.Grasslands

Dry deed- R>r .
Grasslands

Status

F.ndemic to

. ‘eninsular India

lindemic to south
. India

.

iindcmic to

. .eninsular India



Table 4.6
Bracharia ramosa
23 (UStapf Poaceae
Caladium

24 Drvaiid.ivVent. Kaalu chcmbu
Canthium

25 auiustifolium Roxb.
Cenirosema

26 puhescens Bctilh.
Chromola™na
odorala (L) King

27 & Robins.
Cissampelose
pareira 1-

28 Vur.hirsuia
Cleome monoph\lla

29 1.
Clerodendron

30 viscosum Vent.
Comme.lina

Katiaramullu
Kuttupavani
CummunLst

Dacha

Malaihanai

Perivelum

allenuaia

31 KoeniiiexVabl
Cotnmelina

32 bemhaiensis 1.
Commeli/m

Kanuvazhai

33 ensifolia R.lir.
Commflina
34 macuiaia lidticw

Crotalar'ui
evovuloides Wight
35 ex Wiehi &
Cucurligo
36 orcftioiilesGnenn Niiapana
Cvalhula
37 prnstrala{\..> ftlume Chcnikadaladi
Cydeu
(I"n.)Hook.
38 f/I'homs,
Cyperus zoUingeri
.19 SlcuJ.
Cyrtococcum
palens(L.} A.
41 Cuinus
Desmodiuni
puUhfllumil..)
41 Benth
Desmodiuni
42 7pnaium Miq.

Padaihalii

ChcrupachoUi

DigUaria cUiatis
43 (R«jt/.»koeler

Diffilaria longijlora
44 (Rcl/,)Pcrs.

Dioscorfa hulhiffra
45 1

Diploclisia

Kaltu kaachil

46 Diels Vattoli
Diplfriurmthus
prnjfra/uj(Poi.)Nec

47's
F.laeocurpus

48 eUmdult’sus Wall. Kan.

.Araccae

Ruhiaceae

I'abaceae

Astcrateae

Menispemiaceac
(.'opparaceac

Verbenaceae

Commclinaccac
(‘fommclinaccac
Commelinaceac

(‘ommelinaccac

i-abaccae

1lvpoxidaccac

N\maranihaceuc

Mcnispermateac

(‘vpcracejt*

I’ oaceae

I'abaccae

I'abaceae

I'oaceae

Dioscoreaccuc

Meni.spcrmaccae

Acanthaccae

I'lacocaroacoac

Herb

Tuberous herb

Scandent shrub
Slender
climber

Shrub

Herbaceous
climber

I'rect herb

Small tree

Herb

Herb

Slender herb

Frecl herb

Herb

Herb

Herb

Climber

Herb

herb

sub shrub

Hrect herb

Herb

Kerb

Climbinii shrub

W(xxtv climber

Herb

Medium Iree
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Gra;>slands.Moist deed I I l I I I
foresLOpen ares

°0

Open areas

Semi liv.gr.for.
Deed. Ihr..
Plantations. Plains

Open areas

Deed. \ax. Plains

Drv deed for,, Plain

Deerd for.. Plain.s

oite o O

Grasslaiuls.plains
Decd.for-.Open areas
GrasslaiK},s.Sacrod

arovcs

Hv.ar.for.

.:H:. Y

Moist deed tor.
Grasslands

Moist deed. Iw.
Grasslands .Plains

d.
Semi ev.gr.for..Moist
decd,for..plains

Ivv.ar.,Semiev.Kr. Iw.

Moist deed. f«r.
Moist decd.for.Plains

Moist decd-for.

Semi ev.gr.for..moist
decd.for.

Moist
deed.for..Grassland.Op
en areas

Grasslands.Open areas

Moist decd.for,.Plains o
Kv.gr.,Semi

ev.gr.fro..moLst deed

for.

Deer, Iw.. Plains
Kv gr. Iw. Semiev.
Gr, lw,, Shola for.



FAf.phantopus
4y scoter L-
Eleusine indica (L)
5( Gacrlin.
Eleutheranlhera
rud”raijiCsSw)
51 vSch.Bip.
fimilia sonchifoUa
52 (L.)DC.
/+'iiHJ exasperata
51 Vahl
Fluggea virnsa (
Roxb.cx Wiud.)
54 Daill.

Crewia nervosa (
55 I7iur.) Paniarahi
Hedyolis
5r hrachiaiaiWie.hl)
Hedyolis puherula
(GDon)R.Br Hx
57 \m-

Uibiscus
5R htsoidissimus Gril'f.

59 homea alha L

Ipomea harlf.rwides
(Choisy) Benth- lix
6< Clarke.
Ipomea
fil rrtincad.jSweci
Ipomea
obscura(l..)Yi.ci-
62 Gawl.

Ischaemum

63 [imorense Kunlli
lasminam
rotllerianum
Wall.cxA. DC,

64 Var.rottlcrianum
Juli>.rtylis
augustijolia (Am.)

65 Thw.

Juxlina

M /iroi umhens 1,
Ixmlana camara 15
var,uculcata (L.)

67 Mokicnke

6X |Aiw.Hinia inermis L,
lj)helia
69 aLyinoide.\Liim.
Macaranga indica
7( Wiahl
MfiUcopfi LU~
mkenda (Gacrlin,)
71 llartiev
Merremia
vilij'olia (Burm.r.)Ila
72 1.
Mikania macrmtha
73 KuiUh

Table 4.6

/N\iiachuvudi

Muyakhcvian

Therakom

PcrimkUivu

Kottakka

Kunthamaman

Mattipuli.Uppan
actiam

Mandavalli

KolambiiKKi

lhiruUiali

Kaliumulla

Konda
Mailanchi
K;tkkaptK)vu
Vatta
Kattuchcmhaka

m

Maiiia kolainbi

Asteraceae

i’oaceae

.Aaleraceae

N\steraceae

Moraceae

Kuohorhiaccac

‘I'ihaceac

Rubiaceae

kubiaceae

Maivaccac

Convolvulaceac

Convolvulaccae

Convolvulaceau

Convolvulatuac

Poaceae

Oleaccae

Malvaceae

Acanthaceac

Verbenaceac

Melastomaceae

I/)bcliaceae

L"upliorbLwcac

Rutaceae

Convolvuiaceac

/Nslcraceac
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Herb Moist decd.for,. Plains
Herb

Degr.moLst
herb decd,for,.plains

Moist & Dry deed,
Prostrate herb  I7r.. Plains

Small tree Moist deed for.. Plains

Dry and Moist deed

Small tree for..Plains
Semiev. Gr,
Iw-,Scrub
Small irec iunEles.Sacred simves
Herb Open areas
Shrub Grassland.Ooen ares
Rambling Dry& Moist deed lor,.
shrub Plains
Moist deed, Iw .. along
(timber sea coast
Herb Grasslands.Savannalis
Moist & Dry deed,
"I'winer |-or.. Plains
Twiner Dear, lw  Pbiins
Margins of
herb backwalers.Grasslands

Lv.gr. For.,moist
Climbum shrub decd.for,. Shola lor.

Semi ev, Gr. lbr.,

Small tree Moist deed. Iw.
Moist
decd.for..Crasslands.PI
Herb ains
Shrub Culdvated
Shrub Cultivated

Annual herb Wet areas in urasslands
Medium tree  Deer. Iw.
Kv. Gr. }w..Semic»v.
Gr. For.. Moisl deed.
Medium tree  Iw.. Plains

CluTiber Degraded for..Plains

Scandent shrub Plains,Plantations

O

m

' [

HndemK to
S Western ahals



___ 94 Roxb.ex 1-leminn

Mimosa diploiricha
74 C.Wisbt&SanvaUe
75 Mimosa pudiral..

Aanathoiavadi
Ihntuivadi

Mitrcarpus villosus
76 (Sw)DC.,
Murdannia
i<tf)onica {'rhunf).)
77 Faden
78 Olea dioica Roxb. Kdala
Oltochloa
nfArf/i.faiKunth)
7y Dandv

Panicum
hrevifolium I..
Panicum gardeneri
HI Thw.
Pnspaiidium
ftaviiium(Rcl/..)
82 A.Camus
Pennis™ium
polyslarhyoni]..)
81 Schuft.
1
Peperomia
t>fUucida( I.jKunlh Ma">hipatchu
Perolis indica
85 (L.K) Ki/£
Phaulopsis
/iArirara(l-'orssk.)
8(™ Sweet. fCallurukki
Phyllanlhus amams
87 Schum.& I'honn.
Pilea microphylla
88 (L)IJehm.

ki/hukunelh

89 Pioer loneum L. iKatruthioaii
Rungia
parviflora (Rel7.)

«( Nets
SaJacia ohionga
Wail. IxWight &

91 A\m

92 Scopana dulcis 1-

Ponkoranli
Kallurukki
93 Sida rhombifolia L- Kurunthotti
Sida rhomhoidea
KurunthoUi
Spilanlhua calva
95 Dc.
Slachyiarphf'ia
ofi indica (L.) Vahl.
Sure™ado
auguslifolia
(B;ull.<.’xMuell.-
97 \ra))Airv Shaw
Symptocos cochin
chinensis ( Lour.)
98 Moore skp laurind

Kuppamamal

Pachotli

ciUophvllifolium
99 |Walp, 1

Table 4.6

Mimosaceac
Miinosateae

Kubiaccae

Commelmateae

Oleaceae

Poaccac

Poaccac

Poaccae

Poaccae

Poaceac

1

Pipcraccae

Poactae

Acanthaccae

Huphorbiaceac

Urlicaceae

Pifwrjccac—

Acanihaceae

Hippocratcaccac

Scroohulariaccae

Malvaceac

Malvaceae

Asferaccac

Verbenaceae

Huphorbiataie

Svmokx-aceac

MvrUiccae

(‘limbina shrub
herb

lirect herb

iircct herb

Medium tree

Herb

Herb

Herb

Herb

Iferb

Hrect herb

1?erb

flerb

slender herb

Herb

ScandciK shrub

Herb

ClimbiiiB shrub

lirect herb

shnib

shrub

Herb

Sub shrub

Small iree

Small tree

Larao tree
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weed in degraded o
for.,plains
plains
Degr.moist

decd.for-Opcn t
areas.plains

flv.gr.Scmi
ev.gr,.Moistdecd.for.
Semi cv gr.Moist
decd.for.Plains 1

I"rest fringes.Banks of
streams

Margins of
forests.Backwatcrs.Op .

en areas
. #

Scmiev. Gr. lw..
m

Shola for.
* 0

Paddy fields.Banks ol
backwatersand streams

Degr. Moisldecd.
f«r..Open ares

Defir. i™)r.. Open areas

Open areas
Semi
ev.gr.for,Decd.for..Plai .O
ns
(
Deftr.moist.decd.for.
(

Cuilivated

I=vgr. Iw.. Sem cv.
Gr. For.. Moist deed
for. Open areas
open areas
Ev.gr.for.,Semi ev.gr.
Iw.

Dpen areas

Deer. l«r.. Open areas

O
0

deur.for. open areas

wet marshv open areas

Open areas

I-v ar. For.

Kv, Gr. Iw.. Semiev.
Gr. Iw.. Shola for..
Sacred aroves

lindemic to
pcnmsular India



Tabemaemoniana

divaricata (L.)
100 R.Br.

Tephrosia pumUa
101 (Lam.) Pers.

Tephrosia purpurea

102 ([..) Pers.

Trenia orienialis
101 (L;

Tylophora

104 Merr.
Urena lohala ssp
105 sinuata(L.) Borss.

Ulricularia siellaris

106 U.
Vemonia
107 cinereail-.) Ixss.
Vemonia ellipiica
108 DC.

109 Wallheria indica 1.

Xenoslegia

tridenialaf{L.)Ausun

1M &Slzaltis
Gvmnosperm

1 Cycas circinaiis 1-

Pteridophvtes

Adianlum liuiulatum

1 Burm.f.
Nephrotepis

delicalula (Decne.)

2 Pic.Serm
Pyrrosia
helerophylla (L.)

3 M.G.Pncc

Sfiaginella

delicalula (Dcsv.ex

4 Poir.( Alston

Table 4.6

Nandivarvaltom Aoocvnaceat—

Fabaccae
KixJiko/Jimgil.
Ko/huva I-abaci®
Pottama Ulmacaae
ValliDala \.sclepiadatcac

Uram.UthiTdni Malvaceae

l.enubulariaceae

P(x)van kui'unul  .eVstcraccac
curliiin chadi Asteraceac
Bombacaccac

Chcruvaycra.Pra

~aram Convrtlvulatcae

Kenlh Cycadaceae

Adiantaccac

()lcandrace:te

Polvpf)dtac-eac

Lvcop(xliaccac

Shrub

Slender herb

Shrub

Sfnal] tree

Slender
climber

Sub shrub

Herb

Herb

Shrub

Sub shrub

pTOstrais herb

Small paim

Small
terreslrial herb

I'erTestnal herb

Hpiphytic

lerreslnal herb
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Cultivated

Wet rocky areeas

Moist deed. for..
Grasslands.plains
Moist and dry deed.
Jwr.Plain.s

along bushes and
ihtckets

Moist dccd.for..Plains
Stagnant and slow
running water

Deed for..Plains
cultivated

Dcgr. Moist deed. For.
Plains

Deed. for.PLiin.v

Moist deed. For., Open

areas

Open areas rock
crevices.foresLs

Shaded nx;kv areas

rockyv arcii.v.forcvts

Forests, plams

O

5
e

O

very common

common

cY»mmon

common
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Table 4.7 - Taxonomic . ecological description and conservation status of the plant species in the Forest areas

Sno.iName of the plant

AnRiospenns

—

Abrus pmalorius I-
Acacia rutechu it.}.)

wild.

N

Acacta
D«nmuu([..)Wild.
Acrocarpus
t'raxinifolius Wight&
4 Nm

Acnilrerruj

[N

»n

arnoiiianiun Wii>hl
Actmodiiphne

=)

hourdiltonn Gamble

Actinodaphne

~

malabarica Balakr.

8 L
Aganopt' thvrsijlora
(Bemh.)

©

Agnosrm cymosa (
Roxb.) G. Dwn

Atsionia .schotaris(L.)
1 R.Br.

Arulrngraphi.s
paniculaia (Burm.f. )W
all-cx Nees

Anfilemmu
(Wight)

Clarice
mtntmmu-——————————

srahfrrimum ( Blume)
Kunih

Anitdesnui acutum
RelA

ApodMes dimidiiUu
Mcver ex Am.

Aporosa lindleviina (
WiKhO Baill.

Ardisia paurtjlara

lg Hevne ex Roxb.

Artocarpus hirsulus

I-am.

AiyhUisia dalieUiana

20 San(.

Alalanita munnphylla
21 (L.jix:,

Azadirachla mdica A.
22 Juss.

Vernacular

name 1-amily

Kunni t'abactiae
Karinuali Mimosaceac
Kanneha Miniosaccac
Nanvenua Caesalniniaceae

Nilainpunna Dillcniaceae

Hevoli I"uraceac

Kanibiiivinnii 1"auraccae

Mtmmaccac

I-'"aceae
Apocynaceae
lizhtlamoaJa Anocvnaccac
Nilavepu Acanihaceac
Commclinaccae
CoiiimcUnaccae
/\rcepa’ham liuDhorbiaoMic

Slatematthi.K

arineeli Icacinaceae

Viti Buphorbiaccac

Muuumaram Mvrsinaccae

Aniili

Moraceac

Acanihaccac

Kaiunaranca Ruiaccac

Aarivavcppu Mebautac

Habit

Twining
shrub

Small tree
Kcandcni
shrub

Very large
irec
Rhiwmatous
herb

Medium irec

Medium tree

Mfdiuni tnx

Shrub

Climber

Urec ircc

Sub shrub

Herb

Herb

Small tree

Medium tree

Medium tree

Small tree

l.aree tree

Herb

Small iree

Medium tree

Distribution

Dry deed
for..Plains

Dry deed. 1-or.

Moisi deed, for
Fv .gr.for.
Semi ev. Gr.
For.

I-v. Gr. 1-or.
Ev gr. Hor.
Shola for.

Bv, Gr. Frt).

Culiivated
Semi ev.gr.
For-Plains .

Seini ev.gr.
I'or, .Alongside
streams

Moisi deed for.
.Sacred

grovcs.plains

Scrub

iuneles,plains

Bv gr. For..
Semi ev. Or.

I'or .

Semiev. Gr,

For, .

WEW fIV.gr
For.Moisl deed
for, .Sasred
aroves

Ev. Gr. For,.
Semi ev, Gr.

For,

Semi ev, Gr.
For,. Plains .
Evgr. For,

Shola for. .

Semi ev
gr.Moi.st

detd.for.Plain.s .

Ev gr,for..Semi

ev.er. For,

Drv deed for.

Dry deed. For,
Cultivated

Status

Hndemic to South
Western ahats
Endemic to South
Wesiem Ghais
Endemic to South
Wesiem ghats, Rare
(Navar,l997~

Endemic to

. pcnmsular India

Endemic to South

. Western ehats



23

2

bN

25

26

27

28

29

32

34

35

3

Y

37

38

40

41

42

43

44

45

46

a7

Table 4.7

Bidens oilosa L.
Biophylum reinwardlii
(Zucc.) Klot/sch.var

reinwardlii

Biophyium

sensilivum (L.)IX:. Va/
candollf'tinum (Wight)
Fid"ew.&Hixik.f.
BiophMum
sensilivum{\..) IX . Var
scnsiftvum

Bixa orellfina I_

Bomhax cieba

Brachariu nimost: (1..)
Stapf

Hndflia srandens (
Roxb.) wiud.
Caesalpima hnnduci (
L.) Roxb.

(Mlamus ihMiili’sii
BCCC.& Uook.f.
Calophyllum
nolvtinthum Wwall.
Calycopieris
doribunda ijim
Canihium
uu9uslifohum Roxb.

Cardiospermum

haliracahum 1.

Carew arhiin-a Roxb.

Cassia t'isiula L.

Cenirosema pubescens
Bcmh.

r eropegia rruirulaUi
Bedd.

Chassnatia cur\illora
Wall.ex Kur/z Iliw,
Var ophioxyloidcs (
Wau.) 1>* & Knshna
Chionanihui mala-
elengi (Dennsl.) P.S
Green

( timftuilueua odnrata
(L.) Kina & Rubins.
Cinnamomum
suiphurutum Sees

( i:N\dimpeli>se p/treira
L. Var hirsuta

(ilrus fnaxima ( Bumi.
1~ Morr.

( leri'dendron
visrosum Venl.

NUamthcneu

Mukkutti
Kunkumap(X)

vu.Sind(H»rani

I-lavu

Chcru

Danachi

Kazhanii

Pannichural

I'unna

Puilanm

Kaiiaramullu

Paiumvam

/Vilam

Kanikonna

Kuiiupavani

Vcilakurinii

MaJa-olenui

Cummunisi

pacha

Kattu kiiruva
Malalhanm

Pomelo

Perivelum

/N\sieraa;ae

Oxabdaceac

Oxalidaceae

Oxaiidaccae

Bixaccac

Bombacaccae

Poaccae

Huphorbiaccac

C'ac!lalpiniaccac

Arecaccac

C'lusiaccac

C'ombielaceae

Rubiaceae

Sapindaccac

I"cvthidaceae

Cacsalpmiaceae

I'abaceac

Aselepiadaecac

Rubiaceae

Olcaccac

Asteraceac

lauraceac

Menil<perr»acca(

Rutaccac

Verbenai;cac

Shrub

lirect herb

Uert)

Herb

Small tnx

Very large

iree

Herb

Scandcnt
shrub
Climbing
shrub

Climbing

Palm
I"ree irce
Woody
climber
Scandcni
shrub
Climbing
herb

Smau tree

Medium tree

Slender

climber

Herb

Shrub

Small irec

Shrub

Medium tree

dimber
small tree
Small iret

Chapter 4: Results

Open areas.a
weed

Moisl deed. lor.
.Plantations.

Plains

Dry deed. f-or. ,
Grasslands

Dry deed,
for..Grasslands %

Cultivated

Semi ev.gr.
For.Moist

deed. For. f
Grasslands.M*)i
si deed
forest.Open ares
Semiev. Gr.
I'or,Moist deed *
for. .Sacred

aroves
F-v.gr.for.Moist
deed for.

Hv. Gr.

For,Semi ev. .

Gr. For.

Bv, Gr. For. .
Moisl deed.

For... Plains
Semi Kv.er.for.

Moisl deed for..
) [
Scrub iuneles
Moisl (S Dry
deed. For..

Plains

Moist deed.
For, Cultivated
Deed. For..
Planialions.
Plams

Semi ev. Gr.

Por.

Nl

Ml lypes of
forests, Plains
Semiev.Gr
For.. Moisl
deed. [+or.

Open areas
Fv. Gr. For..

Shola for.
uecd. for.

Plains

cultivated
Degrd lor..
Plains

0:':':0 00

e f

0

0

Possibly extinct(
Navar1997)

Ivndcmic to

pcnmsular India

Fndemic to Western
Rhats



48

49

50

51

52

53

54

55

56

57

58

Sy

6

o

61

6>

6

@

64

65

66

67

68

69

70

71

Table 4.7

i.ommetina maculaia
lidfiew

Conyza bonariensis (

1-.) C'rono.

Coslus

jpOT<»iM.v(Kwnig)

J.H.Smith Channa

Crotalarui irvovuloidei
Wight ex Wiehi & Am.

Cucurligo

orchiode.s(jai:nT\ NiJapana
Cucunrui

neihhtrrrensts WiBht Koova

Cmhula f>rosirala(L.) Cherukadalad
Blumc i
Cyclea

(Lam.)Ho«ik.f. r
horns. PajJaihaUi

Malabar

Cymhopo”onlJlexoiua gni.is.
(N «s ox Sicud.) Wats. InchDuUi
Cvnodon daclvion (/.)
Pers Karuka

Cwerus rotundus L Muthanea
(.yrtocnrcum

oalenxf]..) A. Camus

Dt’srruidiurn

eanpeticumiL.) IX"* Orila
Desmodium

Iriangulare (Rcl )Mers

Desnuidinm

Adakkapanal
Digilaria longijlora
(Ret/.)Pers.

Kaiiu kaachil
Oioscoreu penlaphylla Nixirakizhang

u
Diospyros huxtfolia
(Blumc) lliertn filichevivan
Diploclisia
Diels Vaiioli
hlueocurpii.\
tianduloius Wall. Kara

Ficus heiighalensis L N\al tnaram

Ficus exasDe.rulu Vahl ‘I'hncnikom
Valli
Ficus helerovh\illa ihcrakom

Commdinaceae

\Kicraccae

Zinaiberaccac

t'abaceac

ilvDuxidaceae

/jnaibcratcae

Amaranlhaccac

Menisoermaceae

I’oaccac

Poaeeae

Cvperaccac

Poaccae

|-"abaceac

labaccac

I'abaccae

P(»accae

I>iosa)rcaccai;

Dioscorcaccae

Hbcnatcae

Mcnispemiateat

IDaax;arpaccae

Moraceac

Mi'raceae

Moraceac

Hrect herb

Hcrt)

Herb

Herb

Hcert)
Rhizomalous
herb

Herb

Climber

Herb

Hert>

Herb

herb

Shrub

Shrub

Shrub

Herb

Climbing

.shrub

Climbing

shrub

ljrec ircc

Woixly

climber

Medium tree

Medium iree

Small tree
Scandcni

shrub
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liv.Rr.for.

Moi.si deed for..
Grasslands
Scmiev.gr.Moi
stcJecd.for.Plain
s

Moist deed for.
Gras.siands

Moisi deed.
For. Grasslands
Plain.i
Grasslands
Semi
ev.gr.for.Moisi

ducd.tbr.Dlains

Ev.gr..Semiev.g

r. N

Degr.
For.,Grasslands
Plains

Paddy fields
.Oncn areas
i'lains ,upcn
areas

MdisC

deed.lor Plains
Moi.st
decd.lbr.,plantat
ions

Moist

#

deed.for..plantat °

ions

Semi
cv.gr.for,Mois(
deed.lor..Plains
Grasslands.Ope

n areas

Moisi

deed l'or .Plams
[*graded deed
for.

Kv, Gr. l-or..
Semi ev. Gr,
For.
Hv.gr,.Semi
cv.gr.fro,.moisi
deal for.

Kvgr. For.
Semi ev. Gr,
I'or.. Shola for.
Dry deed. For. .
Plains

Moisi deed for.

Plains
Along nver

banks

>

0 ®
LS

#

C

O



72

73

74

7

»

76

7

7

©

79

80

8:

2

82

8.

@

84

8s

86

87

8

@

89

90

9.

2

9

N

9

@

9

=

Fluggea virosa (
Roxb.ex Willd.IBaiU.

Glycoxmis peniaphylla
(Rctz.) DcC,
Comphandru
tetrandra ( Wall)
Sleumer

Grewia glabra Blumc

Grewa lillifolin Vuhl.

Helecfris isura

llemidesmus

indicus<I-.)R.Hi.

Hibiscus hispidaximm
onlIT.

Ihlarrhena puhesiens
( Buch-Ham.) Wall, li*
G.Don

Hydnocarpus
pentandra (Buch -
Hain.lOkcn

Ichnorarpus
frutisi:ens U->R.Br
Ipomea harlerioidfs
(Choisy) Bemh. fix
Clarke.
Ixorajohnsoniiii
Hook.f.

I.xora nigricans R Br.
Bx Wichi & \m.

Jasnunum azoricum 1.
var a/x>ncum
Jasminum hrtrvilohum
A.DC.,

WaU.ex .V IX'
Var.mtllerianum
Knema atlenuaui
(Ho«k. r. & 'I'hnoms.)
Warb.

Uigerslroemia indicu
f.

ljigerslroemta

mirrocarpa Wiehi

lagerstroemia
spedosalL.) I*crs,

iM/inea mromandelica
(1limMJtl.) Mcrr.

ljintana camaru |-

Table 4.7

Perimklavu

Panal

/Nanak(>{(i

iliaram

I Innatn

lidampin

vallampin

.nanincendi

Mattipuli.lJpp

anachiim

Kadalapala

Marotti

PalvauUi

Kattumulla

KattumuUa

Chorupavin

Mav fli>wer

Venthekku

PiMimaraihu

(Miya maram
PiKH-hcdi,
Konda

Dry and Moisl
liuohorbiaceae  Small tree deed fbr.Plains
Semi ev
gr.Moist
Ruiaccae Small tree deed.t'ur.Plains
Hv.gr.
I-or.Scmi
leacinatcac Small iree ev.ttr.for.
Semicv. Gr.
For-.Moist
deed.
liliaceae Small ircc I'or.-Plains

‘rUiaceac I-arac irce Moisl deed tor.
ix)eed. Tor..
Plantalion.

Sterculiaceae Small tree Plains

I'or.Plains.Planl

Pcriplix;ai;cae Shrub ations
Rambling Dry& Moist
Malvaccac shrub deed for.. Plains

Moist deed,

I or.Dry deed,
AncKvnaccac Small iree I-'or. .Plains

Semi ev, Gr..

moist deed.
Maaxjrtiaucac  Medium irec Tor.. Plains

Moisl dry
Aiickniadaccac climber deed.for-.plains

GrasKtands.Savn
Conviilvulaccac llcrb nnahs

Rubiai;cac Shrub liv.gr.for.
Hv. Gr. l'or..

Semi ev. Gr.

Rubiaceac Small irec I'or.
[iv.gr. For.
Climbing Scmi cv.gr.
Olcatcae shrub For,Shola for.
('limbing
Ulcaccac shrub Shola for.
I"v.gr
Climbing For..moist

Oleaceae shrub
Ev.gr. For.
Scmi ev.gr

Chloranthaccae Medium tree For.

f.Vihraccae Small irce Cultivated
Moist deed.
I.Vthraceae 1-arsc (nx For,. Plains

F,v,gr,for..Scmi
ev,grfor,./\long
banks of

nvers.Culiivatc

lvihraceae medium tree d

Deed, For.
Sabiaccac I-arKc tree Plains
Verbcnaceae Shrub Wid .Cultivated

o)

<rn

°0«

rJ
0

#

*

decd.for-. Shola u

1

o)

Chapter 4: Results

lindemie to western
tthats

Hndemie to

peninsular India

Hndemie to Western
ehais

Endemic to western

chats



95

96

9

N

98

99

100

1

103

104

105

iMtilana camira I-
var.aculcala (L.)

Moltlcnke

I"ea imiica(Bum.t)
Mcrr.Philipp.
Malvastrum
coromandelianum ( I..)
Garcke

MarufUa arurtdwureae

Melochta rorchorifolia

Merremiu

umhelluiiiiVv..)Hail. f.

erremiu

Michelkt nitagirica
Zenk.

Milrnirpiis viUosus (S
w) DC..

Milragyna parvifolia
(Roxh.l Korlh.

Mortochona vagirtdlis

107

Myvrisliia malaharica

Ijim.

W\ Naragamia alala
:[vajanl&/\m.

111

112

11

@

11

a

Nanngi
crenuiata{R(yxb.)

Nicols
cadamba ( Roxb.)
Bosscr

Nolhtipodyies
nimmoniaiui (Graham}
Mabh.

Otea dioka Roxb,

htjunelia longifoliu
(Willd.l K. Schum.

Paniium hrevifolium

L

Passi/JtiraJ'oetida !..

var. tiK'iida

Persea macruntha

(Necs) Kostcrm.

Table 4.7

Konda

Chonanlhali.
Ntailu

Maavu

Ki*ova

Vavara
Mania
kolanihi
Kattuthcmpa
kam

Vcembu

Kannmkoval
um

PananiDalaka

Nilanaraeam

Kaiiunarakam

N\atlu Iht'kku

Peenari
1

1UJala

Payyam./Vlia
ntha

Chadavn

Kulamavu

Vcrbenaceae

iMUceac

Malvaccac

\nacardiaccae

MaranUikcac

Sicrculiaccae

Conw)lvulactac

C'onwilvulaccac

Maiznoliaccae

Rubiaccac

Rubiaccae

Ponicdcnaccae

Chlorunihaccac

Mdiaccac

Rutaccac

Rubiaccac

Icacinaccac

Oleaccac

lilenomaccac

Piiauac

Passilloraccae

l.auracciic

Shrub

SmolJ tree

Wixxiv herb

medium ircc
Jerennial
hett

WexxIv herb

I*tosiratc

tvvinins herb

Climber

Small tree

lirctt herb

Medium iree

hert

Medium tree

Herb

Small irec
I"rse Iree
Small (rcc

M(!diuin ircc

Medium iree

Heit

Climbing

shrub

ljruc tree

Chapter 4: Results

Cultiva(ed
Degr Kv
gr.for.vSemi
ev.gr,
I-or.Plains
Degrd Moist
deed. I'or..
Open areas
1-vgr. Tor..
Semi ev. Get.
I'or,widely ’
cultivated

Cultivated

l)egr. Deed for.. . .
Open areiis .

All types of
for..Plains
Degraded
for,,Plains

liv,er. Tor

Degr. moist

ldeed,for, .Open .
areas.plains

Moist deed,

I'or,

Paddy

fields,

wetlands

liv. Or For.
SwambD for.
Moist deed
for.IMantation
Semi ev, Cir,
For,. Moist
deed, 1-or. . *
Plains

Along nver
bank,":

Hv, Gr,
I'or..Moist deed
for..Shola lor.
Semi ev
gr.Moi.st

deed.for.Plains b O *
Semi ev. Gr. '
For.. Moist [

deed. Fur.

Plains n

Margins of H
forests.Baekwat
ers.Oncn ureas

Degr. For..Open

areas

liv, Gr. For.,

Semiev. Gr

For.. Moisi . .
deed, I-‘or,.

Sacred iiroves

Hndemic to western
ehats

Hndemic to Western
ighats. Vulnerable
IdUCN. 2000)
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120

121

122

123

114

135

138
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Phyla nodiflora(\.-)
Greeenc

I*hvllanthu.\ emhelica
l..

Pilea kin?ii Hscher

Pwer harhen Gamble

Pwer toneiun 1.

Plumbueo reUanuu [.

Pogoxtemon

vurouruscens_Dab..
ruivwwiu lujjnrjiirrr

Thw.cx Hx>k. F. &

nioms.}
Pol\allliiiifragrans (
Daiz.)Bcdd.

Pseudarlhria visrida
(1.) wikhi & /A\m.

Psydnu dicocrus
(iaenn.

PterocarpuA

rmrsuvium Hoxb.

Rauvolfia mirraniha
liw kS

RauvolJ'ia serpentina (
1..)Bcnih.

Rtcinus commums 1.

Srhleichera oleosa
<lj)ur.» Oken

Seleria lerresin.ill..)
Tahscu

Scouaria dulcis 1=

Setaria harhalai Lam.)

Kunlh

Sida
rordutu (Bumi.f. )Borss

ICattulhippali

KauuWuromul

a«u

K:iuuihi[)ali

Karumulaku
[umbakoduv

cli

ChonyanthafJ

Ncdunar

Kodangi

Moovila

[rumbarappaD

Vcaa

/\malpun.Sar
paeandhi

Aavannaklcu

Pa-sakiMia

Poovanam

Kailumkki

Viivi
kurunlhiHii

Vcrbenateac

Huohorbiaceae

Urticaccac

Piperaccae

Pipcniccac

l:ricate;ii;

Umiaceae

Annonaceae

Annonaccac

|-abaceae

Rubiaccae

I'abaceac

Apocvnaccae

"\\p<Kvnaceae

tiuphorbiaccae

Sapindaccac

Sanmdaccac

Cvperaccac

Scronhulanacca

Poaccae

Malvattac

Creeping
herb

Medium ircc

Herb

t'hmbmg
shrub

Scandcnt
shrub

(’limbing

shrub

Shrub

Sub shrub

Small tree

Urcetrec

Sub shrub

Small ircc

LatKclree

Shrub

Herb

Shrub

*small tree

L.arec ta-c

Herb

Mreci herb

Herb

Chapter 4: Results

coaitial sandy
arca-s.paddy
fields .banks of @

streams

Moisi &Dry

deed.tor. .Plains ® p

Hv Br for.

llvergiccn
forest

Sem ev, Gr.
For.. Moist

deed for,Open

Kv, Gr. For,
Semicv. Gr. [ ]
For, Cullivaicd

Deed. For..

: * N
Plains
Semiev.Gr L] L]

For.. Moist
deed for Plains O
I"'VU.HIIL., —
Semi ev, gr.

} (]
1-or,
Hv fr. For,
Semi ev. gr. ° ®
Frir.

deed.

F\or.. Plains

0
Scmiev, Gr. [ J
For., Dry deed.
A [ J
For., Plains

Moisi and Dry

deed. For.
Plains

fiv. Gr For., [ ]
Semiev. Gr

1-or,

Moisi deed. o
For. .Plains
CuUivated.

— O

Open areas
Semiev. Gr
For., Moisi

" ®0%
deed for .Plains

Scmi ev. Green

for. Moist
deed,
o o
For...Plams
Semi cv.gr
[ ]

For.. Deed. For

Open areas e

Banks ol

streams. .
canals.Open
areas

Nl types of O

Traihnt herb for..Plains

Hndemie to south
western uhais
Hndcmic lo south
western ghats.
Vulnerable
(Navar.1997)

Hndemie to South
Western ehals

[endemic to StHith
Western
ghats.F.ndangcred <
Navar.1997)



139

143

144

148

158

159

16()

Sida rhombifolia L.

Smilax :e\tanica 1.

Tabernaemontana
keN\neana Wall.

Svilanlhus calva Dc.

Table 4.7

Spondias pinnala (L.l.)

Kurz.
Slat hyphvrnium
ipicalum (Roxb.)

Schum.

Sterculia gullala
Roxh.cx DC.

Slireblus asper Luur.

SlrobilaiUhus cilialus

Nees.

SIr\chnos <olubrmu I..

Sirvchnos lenliceltula

Sirvchnos nux- vomira
I..

Ctyzygium
caryophyllalum (L.)
Alston

Svzv.?mffi cumtni (I-.)

Skeelx
labernMmonlan<j

divaricala (I-) R.Br

Teclona trundis I-t.

Termiruilia bellirica 1

Gacnn.) Roxb.

Termmalia elliplica
wiud.

Termmalia paniculaiu
Rolh

Tftrumeles nudijloru
R.8r.

‘ITtespesia lampas
(Cav.) Dalz.& Gibs,
Tiliac.ora acuminula (
Poir.)n Miers ex II(N>k.
t-& fhoms.

Toonacdiala Roem.

Kurunihoui Malvaceae shrub
ICirccclanchi  Smilacacac Climber
K(M)nam pala Anocvnaccac Small tree
Kunnainanial /\steraceae Herb
Amba/iiam I"rae tree
Maranlaccac llert>
I'hondi Sierculiaccae Medium tree
Paravamamm Moraccac Small iree
Kanmkunnii Atanthaceac Shrub
Climbmg
Vallikaniiram l.oeaniacciic shrub
Cbmbing
Locaniaccac shmh
Kaniiram I"saniaccac Medium tree
Kanniara Mvrtaceac .small tree
Niaval Mvrtaceac
om Apocvnaceae Shaib
Ihckku Verbenaceae Urcciree
I'hanni Rhi7ophoraceae I-arse tree
Karimaruthu.
lhcmbavu Rhi»)phoraceac ljirec tree
Maruihu . Rhizophoraccae tree
Lirge deed.
C'hceni Daiiscaccac ‘I'rce
Kailunaralhi Malvaceac Sub shrub
Climbing
Vallikaniiram Mcnispcmiaccat shrub
Vembu Mcbaceae I"rtfc tree
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Dcgr. For.
Onen areas #
Semi ev. Or.
i'or..Moist
deed.
For. .Plains

[ ) Findemic to south

Moist deed. western ghats,lower
For.. Sacred risk near threatened(

UJCN.2000)

Rroves

wet marshy
ODcn areas
Semi ev. Gr.
For, Moi.'st
deed. For.,
plains

Semi ev. Gr.
For..Moist lindemie to south
deed. For. India
Semiev. Gr.
For.Moisi
deed.

For..Plains

Moisi and Dry
deed.for..Plains
Ev. Gr.

For..Semi ev. l:ndemie to

Gr. lor Peninsular India
Hv gr.for.Semi
cv.gr. lw .,
Banks of
streams
F.ndemie to South

Hv.er. For. Western chats

deed. For..

Sacred uroves

nv.gr.for.Semi
ev.gr. For. L
Hv.gr. For,

) [ ]
Plains

[ ]
Cultivated L
Moist deed for.. ; ;
Cultivated

For,Moist
deed.

to

For,Plains

Moist and dry

deed for.

Moist and dry # O

deed for.. Plains
Fv gr. For,
Semiev.Gr
For. Moist
deed. For.
Moist deed.

For

Moist deed.

1-or.

Fv.gr

e o

For.Semievgr

For.
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Moist and dry

deed.
16" Trema orientalis (I-.) I'(Xiama linaccac Small irce For..Plains
Triumpheiui l)egr. Deed.
164 rhomboidea Jaai. Oirpani Tiliauiac I'reci herb T'or.. Plains n
Tylophora Slender along bushes
165 Merr. Vallipala /VsticDiadaccac cUmber and thickets

Tylophora nwllisnm Fndemtc to South

166 Wight&Am /Vsclepiadaceae herb Shola for.
Urena lohala |,.ssp #

167 lobata Oorpan Malvateac Shrub Deer, for. .Plains

India

Urena hbata ssp (/rani.lAhira Moist
168 sinuatai l..) Borss. m Malvaccac Sub shrub deed.for .Plains
Vernonia cinereaO-.)  P(K)van

169 txss. kurunal /Meraccac llert) Deed for..Plains O

Xanlhophyllum Madakkii.mol Kv.gr.for.Scmi . I-Indemic to Western
170 arnoiiianum Wiahi lal Polvtzaiaceac Small irec ev.iir. Rir. Rhats
Xenoslegia O
Iridenlnia(\.-)Amiinik. (lbenivayera, prostrate Deed,
171 Staples Prasaram Conw>lvulateae herb for..Plains
Xylia xylocarpa Minst
172 (Roxb.i Taub. lail.Imloool  Mimosaceae Urce ircc deed. for.Plains
‘/Mnlhozylum rhetsa Moist deed. . O
173 (Roxb.) DC. Mullilam Rubiaceae Medium tree For.. Plains
Vjzyphus oenopleai}..) Moi.-!! &Dry .O
174 MiU. Rhamnaccac Climber deed for, .Plains
Scandeni Deed, for.Grassl . .
175 Zizvphus rueosa.l”. 'I'nodali Rhamnaccac shrub ands.Plain.®
Gymnosperm
Moist deed.
For., ("pen . O
Cvcas circinalis I.. Kenih Cycadawac Small palm  areas
PleridophyCes
Shaded . .
Bolhoiis rtkks.forcst
proliferu (Bory) Lithophyiic  floors, banks of
1 C.Chr.& Tardieu l.omarionsidace< herb streams aiinmon
A targe Coastal plains .
Drynaria quercifoiia gregarotus forests of O #
(L)J.Sm. epiphvte western ahats common
I'errestnal Open areas.
l.vgodium flexuosum ebmbing Plains, forest e O
(L)Sw. Schi/accac herb maretns common
Nephrolepis aunculaia Terrestrial Open forest
4 11.>Triiwn Olcandraccac herb areas . . . ctimmon
Parahemioniles
rordaiu Roxb.cx Small coastal O#
llook.& Grev. I'raser- terrestrial plains,high
5 Jenk llicmioniUdacca herb altitude forest not common
Polyslichum Small
moluccense (Blume) T. terrestrial
6 Moon: Asplcmaccac herb Hv. Or. For Rare
‘i'errcstrial Forests,stream . f
7 Pleris hiaunia I- I>tcridaccae herb banks Not common
Ptens 'rffTcsinai Forc.sis.stream . .
8 a>/i/M,va'r,G.Walker Pteiidaceae herb banks Not common
Plerts scubripes Terrestrial
9 Wall.exJ. Aeardh Ptcridaceae herb liv cr. I'or. Rare
I*yrrosia helerophylh rooky . .
10 (1.)M .G .Price PolvDodiaccac I'ninhviit areas,forests common
Selaginella delicalulu terrestrial . . .

11 (Dcsv.ex Poir.) Alston Lvcoptxliactac herb Forests, plains «)mmon
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Tibfe*4.12 Description of nwdicioal ptaats present in the Rubber plantations.

Vernacular Part ofthephnt
SJV» Name of the iriant Fandlv used MediciMluse Sutus
emetic, alexitericjor diarrtiea. night
1 Abnts precatorius L. Kunni Fibaceae root, stem, seed blindness,Kum ioflammation
Acacia
2 pemata(.L.)WM. Karincha Mimosaceae bark for dandruff anf snake bites
a cathartic foot
Acacia sinuata biiiousness,emetic.expcctorantand
3 (Lour)MciT. Chenikka Mimosaceae leaf.friut aperient
laxalive,emetic.tcabiet.pouliiccon
4 Acahphaindica L. Kuppameni Eupbofbiaceae whole plant uk»rs.for snakebites
Achyranlhes aspera
5L Xadaladi Amarmbaceae  whole plant used for snake biic aod jaudice
Adenosiemma
6 lavema(L.)0. Ktzc. Asicraceae leaf for cuts .wunds and insect biles
Aerva lanara (L)
7 Juss.ex SchutL Chenila Amaranthaceae  whole plant infant diBfThea.cfaolera.dysentry
Agerandm conizoides antilithic juice,prevents bleeding.snake
8L Appa.Kauppa  Asicraccac whole plant bites
Agnosma cymosa (
9 Roxb.) G. Don Apocvnaceae whole plant emetic.used for eye disease
AiJanlhus triphysa febrifu| c.tonic. carminative, resin for
iO (Demist.} Alisiort Pcrmaram Simaroubaceae  bark dysentry
Albiziaamara 10 cure ophthalmia.for ulcers,boils and
11 (Roxb.) Doivin Oonjal Minwsaceac leaf, seed, flower  inllanunaliDn,a5trinf(ent.piles
night
Albida iebbeck{L) blindnes8, boils.carbuncles.swellints.pil
12 Wind. Vaka Mimosaccae bark.root.stem.leaf es,gonorrbea
Albizia odorarissima
13 { L.f) Bemh. Kunni vajiha  Mimosaceae baik.leaf leprosy,persistent ulcers
Alsionia scholaris(,L.)
U R.Dr. Hzhilampala Apocynaceae root and bark anthelmintlc.rheumatism
Altenumihera
15 «isi/«(L.) R.Dr. Kuzhuppa Amaramhaceae  root for hazy vision, nixhl blindness
ointment made from the drupes used for
Anamina cocculiis chronic diseases.an insecticide to kill
16 (L) Wij;ht&Am. Pollakai MenisDermactae  fruit body-lice
Andrographis
po»Mcu/<iffl(Bunn.f.)
17 Wall.e* Nees Nilavcpu Acamhaccae root.sicm.lcaf febrifuee,anthelmin(ic
Anisochilus camosus
IS (Lf.) WalL Ex Bemh. Kaliukoorkka  |.amiaccac whole plant expectorant.sUmulant.
Aniidesma aciJum on sores.applied onchest fw
19 Retz. Areepa/l»am Fuphorbiaceae rooi. bark.leaf pnuemonia,for blood dysentry
Aporosa iindieyana ( decoctioQ used for insanittyjteadache.
20 Wiftht) Bailt. Veui Eurhorbsaceae root fever.loss of semeo, iaundice
Aristolochia tagala
21 Cham. Ganida kod Arisiolochiaceae  whole plant rheumadsm, malaria,snakebite.toa(hach(
Anocarpus for sores4fnailpox.carbuncles.
2,2 heterophyilum Lam. Plavu Moraceae leaf.flower anthelminticjn childbirth to clear foetus

Anocarpus hirsutus
23 Lam. Aniili Moraccac leaf.flower applied for bubo and swollen testictes ~ Endemic to S.Western «hats
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Asystacia
gangetica(L.) juice is anthelmintic, for thuematism
24]And gang Upputhali Acant whole plant and swellings
tonic, alterative for skin disease,
Azadirachta indica all parts of the astringent.vermifuge,demulcent,stimula
25]A. Juss. Aariyaveppu _|Mel plant nt ptive,anthelminti
26]Barleria buxifolia L. Acanthaceae root na dleaf to treat cough and infl
Blumea lacera(
27|Burm.f)) DC. Rakilla Asteraceae leaf helmintic,diuretic,stimulant,febrifugd
di ic,) CXp asthma,
Boerhaaavia diffusa root.leaf.seed. whol jema. Jjaundice, i ]
28|L. ‘Thazhutt Nyctagi e plant inflammation
for cholera.tubercular
29)Bombax cieba L. Elavu Bombacaceae root fistula,diuretic.cough, impotency
Bridelia retusa (L.)
30|Spreng. Mulluvenga Euphorbiaceae  |bark liniment in rh plive
Caladium N
bicolor (Ait.ex
31|Dsyand.)Vent. Kaatu chembu | Araceae rhizome applicd for facial paralysis
Calycopteris
32|floribunda Lam. Pullanni Comb root.Jeal laxative.,astringent,anthelminti
Cardiospermum e gue, diaphoretic,rubefaci
33|halicacabum L. Paluruvam Sapindaccae whole plant diurctic.laxatived, aperient
Careya arborea
34]Roxb. Aalam Lecythidaceae bark, flower for propa kebit, cold and cough
35}Centella asiatica (L.) {Kudakkan Apiaceae whole plant for skin discase, leprosy
Chromolaena
odorata ( L.) King & |Cummunist |dysentry.applied on fresh cuts and
36|Robins. pacha A leaf wounds 1o stop bleedi
Chukrasia tabularis
37]A. Juss. Karadi Mecliaceac bark tanin R astringent
lor heat
stroke,.casbuncles,epilepsy,colic,deliriu
Cissampelose pareira m.haematuria,bronchitis,cold cough.to
38| L. Var.hirsuta Malath Mcnisp root,lcaf,stcm treat bite of rabid dog
Cleome monophylla pouded roots placed on lips restores
39(L. Capparaceae root consciousness
Clerodendron
40| viscosum Vent. Perivelum Verbenaceae leaf on sores and tumors, as tonic
Shankhapushpa for goitre, leprosy.on swelling,
41{Clitoria ternatea I.. |m [Fabaceae root,leaf,seed |snakebite
Commelina laxative,demlcent,emolient,and
42|benghalensis L. Kanavazhai Cc li whole plant refrigerant
for constipation, tonic, antispasmodic,
{diuretic. depressant on central nervous
Costus system, dropsy anasarca, phthisis,
speciosus (Koenig) Jrhizome, hark. |asthmaantifertilily and antiarthritic
431).E.Smith Channa Zingiberaceac stem, Jeaf’ activity
Manja
Cucurma zedoaria ( |koova,Kasthuri
44| Christm.) Rosc. Imanjal Zingiberacege rhizome to treat jaundice
Cyathula
45Yy (L) Blume jCherukadaladi {Amamnthaceae {whole plant applied externally for skin condition
Cyclea
peltata (Lam.)Hook.f.
46| Thoms. Padathalli Menisp: root for smallpox
antifertility in women, dropsy,
Cynodon dactylon epilepsy.bleeding piles,orinary
ATN(L) Pers Karuka |Poaceae whole plant complail
A
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Dalbergia horrida ( Endemic to South Westem
48{Dennst. ) Mabb. A )il Fabacese stem,leaf bark used to pimpl ghats
Dalbergia
lanceolaria L. ssp |remedy for intermittent fever.for
49|1anceolaria Velleeti Fabaceae stem.seed dyspepsia.alleviating rheumati
Dalbergia volubilis for gonorrhea,juice of leaf placed on
50]|Roxb. Fabaceac root, leaf phthae, garpled to relive sore throat
Dendrocnide sinuata
51](Blume)Chew A kki  |Urti root, seed 1o treat p d fever
Desmodium . bilious disorders, diuretic, tonic,
52Fangelicwn(l.)pc Orila Fab root inati
Desmodium
heterophyllum(Wild)
53|DC. Fab whole plant diuretic.tonic, carmil
Desmodium
|putcheltum (L.)
54|Benth. Cherupachotti  |Fab root ifor‘ 2 in the abd
fresh leaves placed for abscesses and
Desmodium triflorum 'wounds, galactagogue.for control of
55|(L.)DC. Cherupulladi  {Fab leaf lconvulsions
Desmodium {for snakebite.cough.cold.abdominal
56|triquetrum(L.)DC. _ |Adakkapanal  |Fab root pain
Dioscorea bulbifera remedy for.pilesJeprosy, gonomhoca,
S7jL. Kauw kaachil | Di tuber worms
Dioscorea
58|pentaphylla L. Noorakizhangu |Dioscoreaceae  |tuber h ism,bilc.cough and asthma
Diploclisia
glaucescens (Blume) cure for gonorrhoca. biliousness and
59| Dicls Vattoli |Menispermaceac_{leaf’ syphilis
Eclipta prostrata (L)
60|L Kayyuanni A whole plant lept is.skin rash.| d
Elephantopus scaber checks vomiting,used for pimples.
61)L. Anachuvadi A root and Jeaf |wound of cattle
P dig removes Hatulk
Elettaria |for phihisis, cure for bronchitis and
62|cardamomum (L) _|Elam Zingib seed h
Emilia sonchifolia
63|(L.) DC. Muyalchevian | Asteraceae root and leal diarrhea, pangarene, eye discase
for asthma,boils and ulcers of the
mouth,promotes lactation, for kidney
64| Euphorbia hirtal. _ |kuzhinagappala [Euphorbiaceae __[whole plant disord:
Ficus exasperata
65| Vaht Therakom Moraceae bark and juice for enlarged spleen and liver
66| Ficus hispida L.f. | Thonditherakom|{Moraceae bark.fruit and seed }emetic and purgative
Flemingia
strobilifera (L.) R.Br. vermifuge.relicve hysteria, fever.
674Ex AiLf. Kumalu Fabaceae Ieaf,root pilep
68{Globba marantinaL. Zingiberaceae  |root {for cough and asthma
Glochidion
zeylanicum { Gaertn.)
69]A Juss. Neervett Euphorb {stem,leaf for itching skin.as i ling  |Endemic to Western ghats
purgative, anthelmintic.on lepros. septic
70| Gloric wperba L. |Mcnth Liliaceae {root,leafl {ulcer,skin infections. pilcs.insect bites
Glycosmis
{pentaphylla (Retz.)
71{DcC. Panal Rutaceae 100t {for fever. post delivery pains. worms
f 1
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. {for cholera, choking and swelling of
Gmelina arborea throat, theumatism, epilepsy, dropsy
72| Roxb. Kumbil Verbenaceae bark,root and anasarca, convulsions, syphilis
Hedyotis auricularia
3L Erachiketti Rut whole plant cholera and dysentry, emollient
to treat liver diseases, jaundice, an
Hedyatis corymbosa( {anthelmintic, decoction used for
74]L.) Lam. Onathumb, Rubiaceae whole plant nervous dep gastric irritation
on sores, carbuncles, stomach ache,
Edampiri colic,cholera,rickets of babies, oil
75| Helectris isora L. llampiri Stercul root, Jeal on _body to relieve pain
Heliotrapium for ulcers, boils, insect bites.throat
76}indicum L Thelkkada Boraginaceae whole plant {infectons, reptile bites
for stomach pain, skin disease, urinary
complication, blood purifier,
Hemidesmus diaphoretic, masticatory , galactogogue,
77{indicus(L.) R.Br. ,narunecndi Periplocaceae root, whole plant  Inutritive, for fever
Indigofera linnaei
78| Ali. Cherru-pulladi|Fabaceae whole plant diuretic,antiscorbutic,alteralive
79|/pomea alba L. Mandavalli Convolvulaccae {part unspecified _ {for snake bites
Ipomea
80| cairica(L.)Sweet Kolambipoo  |Convolvulaccae [secd laxative
Ipomea
obscura(L.)Ker-
81|Gawl. Thiruthali Convolvul leaf for aphthous vt
Ipomea pes- leaf, seedand whole{rheumatism,for stomach
82|caprae(L.)R.Br. Adumbuvalli_ {Coavolvulaceae |plant ache,laxative,astrigent,tonic diurctic
acute dysentry, loss of appetite,
chronic vlcers, catarrhal bronchitis,
83|Ixora coccinea L. Chetti Rubiaceae root, flower leucorrhoca
Jasminum
rottlerianum Wall.ex
A.DC.
84| Var.rotilerianum K I\ QOleac teal for tre: of eczema
85|Justicia betonica L. |Vellakurunji Acanthaccae whole plant for diartheca,applied to swellings
Justicia procumbens diuretic, diaphoreticandd laxative and
86]L. Acanthaceae whole plant for ophthalmia
Lagerstroemia febrifuge, stimulant, astringent,
87]speciosa(L.) Pers.  |Poomarathu Lythraceae root, fruit purgative,narcotic
Poochedi, for atoxy of abdominal viscera.
88|Lantana camara L. |Konda Verbenaceae whole plant th ism, malaria, tetanus
Lepidagathis incurva [chewed to relieve cough, used as car
89{Buch.Ham Acanthaceae leaf, fruit drop
Leucas
indica(L.)R.Br.ex febrifuge,colds,stop bleeding from
90{ Vatke Thumba Lamiaceae whole plant nose,chronic headache
Macaranga indica
91{Wight Vatia Euphorbiaceae  {whole plant gum is applied to sores
Macaranga peltata
92|Roxb.) Muell.- Arg. |Vatta Euphorbiaceae _[whole plant cures veneral sores
Maesa indica (Roxb.)
93{DC. Kireethi Myrsinaceae root.fruit for syphilis,an anthelminti
Mallotus philippensis glandular hairs on |destroys tapeworms,purgative,oral
94|(Lam.)Muell.- Arg. |Chenkoli Euphorbiaceae | fruil fruit contraceptive,tonic for pregnant women,
Melastoma on skin discase,diarrhea and dysentry.
95|malabathricum L. |Athirani Kadali |Mel bark,root,leaf smallpox,wounds
Melochia remdy for after affects of water snake
96| corchorifolia L. Sterculiaceae stem and leaf bites
dy for mentrual discharge.
Memecylone gonorrhea,leucorrhoea, astringent
97 |umbell Burm.f. |Anakomt Mel root.leaf {lotionfor conjunctivitis
{ 406 }
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Merremia for fistula,tumors,poultice oa
98}umbellata (L)Hallf. {Vayara Convolvulaceac §whole plant burns, scalds and scores
|Merremia ~ [for urethral discharge,
vitifolia (Burm.£.)Hall stemgury.diuretic,.applied to iflammed
99|.1 “Mmja kolambi {Convolvulaceae jwhole plant eye
100| Mesua ferrea L. Churuli Clusi {flower,seed,bark _ {for cough, dysentry, septic vicers
Mikania macrantha
101{Kunth A cae leaf and stem poultice on ds.h ic on cuts
102} Mimosa pudical. | Thottavadi |Mimosaceae root.leaf,stem for hydrocele,for sinus,piles,
Monochoria {chewed to relieve toothache,eaten with
103|vaginalis (Burm.f.) _|Karinmkovalum{Pontederiaceae _ [root, bark sugar to relieve asthma
Jcathartic, febrifuge, applied for
Cherumanjanath] gout,,for throat and gum compaints,
104)|Morinda citrifolia L. |i Rubi root, leaf, fruit leucorrhea
Mucuna pruriens (L.) : Jtonic,diuretic,purgative.for renal and
105)DC. chorivalli Fabaceae root,fruit nervous dit
Myxopyrum
smilacifolium to relieve nervous disorders, asthma,
106] (Wall.)Blume Chathuravalli  {Oleaceac feall t ism and coughing |Endemic to Western ghats
Naragamia alata for itching and rt acute Endemic to We ghats,
107| Wight&Am. Nil Mel whole plant |dysentey,emetic holagogue| Vulnerable (IUCN. 2000)
—]l'or epilepsy.as poultice on sores for
108)Ochna ob DC. Ochnaceae root,leaf Jlumbag
for treatment for paralysis and
Ocimum gratissimum rh ism,for semi
109]L. Kattuthrithavu |1 whole plant k Ipia and headach
110|Olea dioica Roxb. _|Edala Qleaceae bark a febrifuge
Ophiorrhiza mungos {remedy for bites of mad dog,
111|L. Avilpori Rut root snake, tonic
Oroxylum indicum
112((L.) Benth. Ex Kurz_[Palakapayyani |Big {root.Jeaf, fruit tonic, diaph gent,rh
rice water releives inflammed
i d febrile di i
113{Oryza sativa L. Nellu Poaceac fruit poor digestion and upset bowels
Pajanelia longifolia |Payyani,Azhant
114}(Willd.) K. Schum. __ |ha Big leal d used for h disord:
Passiflora edulis ’
115]Sims. Passion fruit__ |Passifloraccae __|leaf for pain in b
{applied for
Passiflora foetida L. itching g headache,emetic
116} var. foetida Chadayn Passifloraccae | whole plant for asthma and biliousness
for treatment of dropsy, visceral
Paverta indica L. var. obstruction, relieve pains of
117]indica |Kamaua Rubiaceae root. Jeaf hemorrhoids
Persea macrantha
118}(Nees) Kosterm. Kulamavu 1 ae bark for th asthma,or ulcers
Phyllanthus urinaria |chuvanna iduces slecp,appetizer for
119{L. keezhamelli  |Euphorbi root children,diureti
for cough, cold, fever and
thirst,spleen,tonic,on liniment for pains
and paralysi Igesic for 1
120{Piper longurm L. Kattuthipali Pip ¢ root, fruit pain, for epilep
’ 1 complai ipesiodic in
malarial fever,for cholera,prtracted Endemic to south westem
labor, coavulsions,costipation, ghats, Vulnerable
121|Piper nigrum L. K. lak Pip stem,leaf, fruit indigestion,rabid dog.stings,diaphoretic |(Nayar,1997)
Pogostemon for uterine haemorrhage, antidote for
122{|purpurascens Dalz. |Chosiyanthalli |I.amiaceae root, leaf snake bite, scorpion sting

=y
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. pplied on ab moked with
123} Pothos scandens L. |Anapparuva Araceae root,stem,leaf’ phor for asthma
poultice on sores and boils, for
expulsion of worms,inflammation of the]
Pouzolzia eye and body, cicatrizant for
124)zeylanica(L.) B Urticaceae whole plant |gangrenous ulcers
to expel worms,for
Pseudarthria viscida piles,biliousness,asthma,rh he
125)(L.) wight & Amn. Moovila Fab whole plant art disease
infusion used for diabetes,body
Pierocarpus pain,stomach ache,for tongue
126}marsupium Roxb. Vepga Fab wood, leaf di hach
Rauvolfia serpentina | Amalpuri,Sarpa
127)(9 L.)O Benth. pandhi Apocynaceae whole plant antihypertensive,sedative,
tonic for
Rourea minor ( rheumatism,scurvy,diabetes,mild
128|Gaertn,) Marr. Kuriel Connaraceac rool.twig and stem faperient
Salacia oblonga
Wall. Ex Wight & gonorrhoea,rhuematism, itches, asthma
129]Am. Ponkoranti Hippocrateaccae |root and ear trouble
Sauropus rich in vitamin called ‘'mult vitamin
androgynous (L.) green’for fever and urinary bladder
130{Merr. Euphorbiaceae  |whole plant plai
for acute malaria, facilitate birth
delivery, antidiabetic, sexual strength,
131|Scoparia dulcis L. |Kallurukki Scrophulariaceae [whole plant bronchitis, gargle for toothache
Sebastiana
h lea(L.)
132{Muella.-Arg. kodiyarannakku {Euphorbiaccae  |whole plant tonic relief for vertigo, astringent
nervous and urinary discases, as tonic,
Sida acuta antipyretic,to expel
133|Burm.f.ssp acula Mal Malvaceae rootJeal worms,demul diuretic,emolient
Sida bark for leucorrhoa,gonorrhoea, for
cordata(Burm.f.)Bors boen fracture,veneral diseases,
1341s. Valli kurunthotti) Malvaceae whole plant impotence
general tonic,for dysentry,
gonorrhoca,sexuval strenght,astringent,
135|Sida cordifolial. Anakurunthoti  |Malvaceae whole plant diuretic,sciatica, facial paralysis
for rheumatism,bile
p laints,asthma,di 1
136|Sida rhombifolia L. _|Kurunthotti Malvaceac rootleaf, stem diuretic,skin troubles
for pain in body, ulcerated tongue,
sunstroke,measles, small pox,
ophthalmia,dysuria, veneral and skin
137{Smilax zeylanica L. _|K lanchi  {Smilacaeac root.stem disease
a sedative, diuretic, digestive, tonic, for
. whole plant. leaf, |cracks in feet,antidote to poisoning,
138 Sol torvum Sw. {Anachunda Solanaceae (ruil h i
Stachytarpheta for intestinal worms, veneral diseases,
|jamaicensis (L.) whole plant. root, |ulcers, erysipelas, dropsy, removing
139{ Vah! Verbenaceae Ical, bark |cataract, abortifacient
Strobilanthus ciliatus
140} Nees. Karimkurinji  [Acanthaceae stem bark is an emollient Endemic to P lar India]
Strychnos minor applied on rheumatismjpurgative,
141]| Dennst. Cheruk Log root.leal febrifuge, anthelmintic, skin di
as febrifuge, for epilepsy,stomach
Strychnos nux- ache,poultice for maggot infected
142{vomica L. Kanjiram Loganiaceae rool, bark ulcers,chicken pox, nervous disorders
Symplocos cochin
hi is ( Lour.) for bilousness, diarrhea, haemorrhage,
143}Moore ssp lavrind Pachotti Symplocaceae bark |eonorrhoea, eye disease
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Table 4.12 Chapter 4: Results
Tabernacmontana lapplied locally as an anodyne,treatment
144|divaricata (L.) R.Br. {Nandiyarvattom | Apocynaceae rootand stem of the eye
put on eczema, fingworm,
|inflammation,bronchitis, bilousness,
145(Tectona grandis L.f. [Thekku Verbenaceae wood, seed, bark  |urinary discharges
tonic for impotency, gonorrhoea,
Tephrosia purpurea |Kodikozhingil, |dyspepsia.colic.liniment on
146/(L.) Pers. Kozhuva Fabaceae whole plant lephantiasi
Tiliacora acuminata
Poir.)a Miers ex
147}Hook. £.& Thoms. Vallikanjiram |Menispermacezse |root drink 10 cure venomous snake bites
148|Trema orientalis (L.) |Pottama Ul part unspecified  {for leprosy
Trichosanthes
1491nervifolia L. Kattupadavalam{Cucurbitaceac _ |whole plant febriuge.tonic.purgative
Tridax procumbens leaf juice insecticidal.piscicidal.checks
150]L. Qdiyanch Asteraceae whole plant hemorrage
Triumphetta whole plant, root. ]for antifentility. for dysentry, intestinal
151 rhomboidea Jacq. Qorpam Titiaccae bark, leal ulcers, leprasy and impoteacy
Tylophora
indica (Burm.f.) |stimutant
152|Mer. Vallipala Asclepiadaccae  {root,leaf cmetic.cathantic.cxpectorant,diaphoretic
Urena lobata ssp
153|si; (L.) Borss. Uram,Uthiram jMalvaceae 100t diuretic. for th
diaphorctic,plant juice for piles,,for
Vernonia cinerea(L.) conjunctivitis.alexipharmic and
154| Less. Poovan kurunal |Astcraceae whole plant |anthemintic
Vigna umbellata (
Thunb.) Ohwi & a cataplasm for weak eycs, sedative,
155|Ohashi Fabaceae leal tonic
Xylia xylocarpa gonorrhea.diarthea.stopping
156|(Roxb.) Taub. Irul,Irulpool Mimosaceae bark vomitting.vermifuge
for cough, stomach ache, asthma, as a
Zingtber zerumbet vermiluge, on leprosy and other skin
157|(L.) J.E.Smith Kattinchi Zingiberaceae rhizome discascs
for headache,fever.colic, stomach ache,
dysenury.on
Zizyphus mauritiana root, bark, leaf, sores,wounds.astringent,diaphoretic,
158{Lam. Jujuba Rhamnaceae seed whooping cough, blood purifier
2Zizyphus for ascaris infection, abdominal pain,
159}oenoplea(L.) Mill. _ [Cheruthudali |Rhamnaceae root, bark, fruit_ Jon local swelling
for diarrhea, bleeding gum,sores in
Zizyphus mouth, longue. veneral
160 rugosa,Lam. Thodali Rhamnaceae bark, flower sores.carbuncles, menorrhagia
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Table-4.13 _ Description of medicinal plants present in the Open areas.
Part of the
S.No_|Name of the plant | Vernacular name |Family plant used Medicinal use Status
Acacia
1|pennata (L)Wild. Karincha Mimosaceae bark for dandruff anf snake bites
laxative.emetic,scabies,poulticeon ulcers,for
2|Acalypha indica L. |Kuppameni Euphorbiaceae whole plant snakebites
Adenostemma
3|lavenia(L.) O. Ktze. Asteraccae leafl for cuts ,wunds and insect bites
Ageratum conizoides .
4]L. Appa.Katappa Asleraceac whole plant antilithic juice.p bleeding.snake bites
. night
Albizia lebbeck (L) bark,root,stem.lc|blindness,boils.carbuncles,swellings,piles.go
5] Willd. Vaka Mimosaceae af norrhea
Alternanthera
6|sessiis (L) R.Br. Kozhuppa Amaranthaceae 1001 for hazy vision, night blindness
Antidesma acidum on sores,applied onchest for pnuemonia,for
7|Retz. Arecpazham Euphorbiaceae root. bark.leaf _ |blood dysentry
Asystacia
gangetica(L.) juice is anthelmintic, for rhuematism and
8| Andersvar. pangetica {Upputhali Acanthaceac whole plant swellings
Caladium
bicolor (Ait.ex
9[Dryand.)Vent. Kaatu chembu Araccae rhizome applied for facial paralysis
Chromolaena
odorata (L.) King & dysentry,applied on fresh cuts and wounds to
10{Robins. C ist pacha |Asteraceae leaf stop bleeding
for heat
stroke, ,carbuncles,epilepsy,colic,delirium,ha
Cissampelose pareira ematuria,bronchitis,cold cough,to treat bite
11{L. Var.hirsuta Malathangi Menispermaceae root,lcaf,stem  jof rabid dog
Cleome monophylla pouded roots placed on lips restores
12]L. Capparaceae root consciousness
Clerodendron
13|viscosum Vent. Perivelum Verbenaceae leaf on sores and tumors, as tonic
Commelina
14|benghalensis L. Kanavazhai Cc linaceac whole plant laxative.demlcent.emolient,and refrigerant
Cyathula
15|prossrata (L.) Blume |Cherukadaladi Amaranthaceae whole plant applicd externally for skin conditions
Cyclea
peltata (Lam.)Hook.f.
16{ Thoms. Padathalli Menispermaccae oot for smallpox
Desmodium
pulchellum (L.)
17|Benth. Cherupachotti Tabacecac oot for burning sensation in the abd,
Dioscorea bulbifera
18JL. Kattu kaachil Dioscoreaceae wber remedy for.piles.Jeprosy, gonorrhoea, worms!
Diplaclisia .
glaucescens(Blume)
19|Diels Vattoli Menispermaceac Icaf cure for gonorrhoea, biliousness and syphilis
Elephantopus scaber . checks vomiting,used for pimples, wound of
20]L. Anachuvadi Asteraceae root and leal cattle
Emilia sonchifolia
21)(L.) DC. Muyalchevian Asleraceae root and leaf diarrhea, gang: eye disease
Ficus exasperata
22{Vahl Therakom Moraceac bark and juice _|for enlarged spleen and liver
23|Ipomea alba L. Mandavalli Convolvulaceae part unspecified |for snake bites
Ipomea
24|cairica(L.)Sweet Kolambipoo Convolvulaceae seed laxative
Ipomea
obscura(L.)Ker-
25/Gawl. Thiruthali Convolvulaceae leaf treatment for aphthous vescilces
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|Jasminum
rottlerianum Wall.ex
A.DC.
26| Var.rottlerianum Kattumuffa Ol leaf for treatment of eczema
Justicia procumbens diuretic, diaphoreticandd laxative aad for
27jL. Acanthaceae whole plant hthalmi:
for atoxy of abd 1 viscera, rh
28|Lantana camara L. |Poochedi. Konda |Verbenaceae whole plant malaria, tetanus
|Lepidagathis incurva
29{Buch.Ham Acanthaceac teaf, fruit chewed to relieve cough. used as ear drop
Macaranga indica
30{Wight Vatta Euphorbiaceae whole plant gum is applied to sores <
Merremia
vitifolia (Burm.f.)Hall for urethral discharge,
3111 Mania kolambi __|Convolvulaceae whole plant stmgury.diuretic..applied to iflammed eye
Mikania macrantha
32[Kunth Asteraceae leaf and stem ___|poultice on ds,haemostatic on cuts
33{Mimosa pudical.. Thottavadi |Mimosaceac rootleaf.stem  |for hydrocele,for sinus,piles.
for cough, cold, fever and
thirst,spleen,tonic,on liniment for pains and
paralysis,analgesic for muscular
34| Piper longum L. Kattuthipali Pipcraccac root, fruit pain,sedative for epilepsy
Salacia oblonga
Wall. Ex Wight & gonorrhoea,thuematism, itches, asthma and
35|Am, Ponkoranti Hippocrateaccae  |root ear trouble
for acute malaria, facilitate birth delivery,
antidiabetic, sexuat h. bronchiti
36|Scoparia dulcis L. __|Kallurukki Scrophulariaceze  |whole plant arele for toothache
Symplocos cochin TE
hil is ( Lour.) for bilousness, diarrhea, haemorrhage,
37}Moore ssp laurind Pachotti Symplocaccae bark gonomrhoca, eye disease
38ldivaricata (1) R.Br. |Nandivarvattom { Apocynaccae rootand stem the eye
Tephrosia purpurea |Kodikozhingil, tonic for impotency, gonorrhoca,
39K(L.) Pers. Kozhuva Fabaceae whole plant dyspepsia,colic,liniment on elcphantiasis
40|Trema orientalis (1..) |Poitama Ulmaceae part unspecified |for leprosy
Tylophora
indica (Burm.[.) stimulant
41|Merr. Vallipala Asclepiadaceae rogt.leaf emelic.cathartic,expectorant.diaphoretic
Urena lobata ssp
42|sinuata(1.) Borss. Uram,Uthiram Malvaceae rool di for 1t ism
Vernonia cinerea(L.) diaphoretic,plant juice for piles,.for
43|Less. Poovan kurunal | Asteraceae whole plant junctivitis,al mic and anth

Source : Jain and Defilipps(1991)
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Table- 4.14 Description of medicinal plants present in the Forest areas.

Vernacular Part of the
S.No Name of the plant [name Family plantused  {Medicinal use Status
Abrus precatorius root, stem, emetic, alexiteric,for diarrhea, night
1jL. Kunni Fabaceae seed blindness,gum inflammation
for cancerous sores, bronchitis, sore in
Acacia catechu Heartwood, mouth, pain in chest, facilitates child
2|(L.f) Wild. Karingali Mimosaceae bark birth
Acacia
3|pennata (L.)Wild. |Karincha Mimosaceae bark for dandruff anf snake bites
decoction used for haematuria, chronic
Adenanthera rhuematism and gout, to remedy
4|pavonina L. Manchadi Mimosaceae leaf, seed inflammation and boils
Agnosma cymosa (
5|Roxb.) G. Don Apocynaceae whole plant  ]emetic,used for eye disease
Alstonia
6|scholaris (L.) R.Br. |Ezhilampala Apocynaceae root and bark |anthelmintic,rheumatism
ointment made from the drupes used for
Anamirta cocculus chronic diseases,an insecticide to kill
7|(L.) Wight & Arn. |Pollakai Menispermaceae [fruit body-lice
Andrographis
paniculata (Burm.f.
8|)Wall.ex Nees Nilavepu Acanthaceae root,stem,leaf |febrifuge,anthelmintic
Antidesma acidum on sores,applied onchest for
9|Retz. Arecepazham Euphorbiaceae root, bark,leaf |pnuemonia,for blood dysentry
Aporosa lindleyana decoction used for insanitty,headache,
10}( Wight) Baill. Vetti Euphorbiaceae root fever,loss of semen, jaundice
Artocarpus Endemic to
11|hirsutus Lam. Anjili Moraccae leaf,flower applied for bubo and swollen testicles  |S.Western ghats
as a stimulant, antispasmodic, for
Atalantia snakebite, berries yield oil applied
monophylla (L.) externally for paralysis and chronic
12|DC. Katunaranga Rutaceae root, leaf, fruit {rheumatism
tonic, alterative for skin disease,
Azadirachta indica all parts of the |astringent,vermifuge,demulcent,stimulan
13]A. Juss. Aariyaveppu Meliaceae plant t,contraceptive,anthelmintic
Kunkumapoovu, Root, fruit, bark of root antipyretic and aperient,
14|Bixa orellana L.  |Sindooram Bixaceae seed, leaf seed astringent antiperiodic and febrifuge
for cholera,tubercular
15| Bombax cieba L. |Elavu Bombacaceae root fistula,diuretic,cough, impotency
Calycopteris
16|floribunda Lam. |Pullanni Combretaceae root,leaf laxative,,astringent,anthelmintic
Cardiospermum emmenagotgue, diaphoretic,rubefacient,
17\halicacabum L. Paluruvam Sapindaceae whole plant  ]diuretic,laxative4, aperient
Careya arborea
18]Roxb. Aalam Lecythidaceae bark, flower  |for propapsus,snakebit, cold and cough
antiviral, on burns,dysuria,
haematuria,antibacterial, for liver
complaints, heart disease,
19| Cassia fistula L.  |Kanikonna Caesalpiniaceae  |whole plant  |antipyretic,demulcent
Chromolaena
odorata (L.) King |Cummunist dysentry,applied on fresh cuts and
20{& Robins. pacha Asteraceae leaf wounds to stop bleeding




Appendix
- |

Table 4.14 Chapter 4: Results
: for heat
Cissampelose stroke,,carbuncles,epilepsy,colic,delirium
pareira L. ,haematuria,bronchitis,cold cough,to
21| Var.hirsuta Malathangi Menispermaceae [root,leaf,stem |treat bite of rabid dog
Citrus maxima ( for convulsive cough, chorea and
22{Burm. F. Merr. Pomelo Rutaceae leaf , fruit epilepsy, cardiotonic, refrigerant
Clerodendron
23|viscosum Vent. Perivelum Verbenaceae leaf on sores and tumors, as tonic
for constipation, tonic, antispasmodic,
diuretic, depressant on central nervous
Costus system, dropsy anasarca, phthisis,
speciosus (Koenig) rhizome, bark, {asthmaantifertility and amiarthritic
24|J.E.Smith Channa Zingiberaceae stem, leaf activity
Cyathula
prostrata (L.)
25|Blume Cherukadaladi |Amaranthaceae  |whole plant  |applied externally for skin conditions
Cyclea
peltata (Lam.)Hook,
26|f.Thoms. Padathalli Menispermaceae  [root for smallpox
Cymbopogon
flexosus (Nees ex {Malabar grass, oil used in pain balmas, disinfectants,
27{Steud.) Wats. Inchpulli Poaceae leaf L_paste given to cattle for flartulence
antifertility in women, dropsy,
Cynodon dactylon ’ epilepsy,bleeding piles,urinary
28|(L.) Pers Karuka Poaceae whole plant  {complaints
Cyperus rotundus
29{L. Muthanga Cyperaceae whole plant  |for heat stroke, for stomach disorder
Desmodium bilious disorders, diuretic, tonic,
30| gangeticum (L.) DC}Orila Fabaceae root carminative
Desmodium
31|triguetrum (L.)DC. |Adakkapanal Fabaceae root for snakebite,cough,cold,abdominal pain
Dioscorea remedy for,piles,leprosy, gonorrhoea,
32|bulbifera L. Kattu kaachil  |Dioscoreaceae tuber worms
Dioscorea
33|pentaphylla L. Noorakizhangu |Dioscoreaceae tuber rheumatism,bile,cough and asthma
Diploclisia
glaucescens (Blume cure for gonorrhoea, biliousness and
34|) Diels Vattoli Menispermaceae _|leaf syphilis
aerial for diarrhea, toothache, apin in the gum,
Ficus benghalensis root,latex, leaf, |boils and blisters, for spermatorrhea , on
35|L. Aal maram Moraceae stipules cuts and injuries
Ficus exasperata
36{Vahl ‘Therakom Moraceae bark and juice {for enlarged spleen and liver
Ficus heterophylla remedy of asthma and cough, for colic,
37|L.F. Valli therakom |Moraceae {root,leaf ﬂdysemry
Glycosmis ’
pentaphylla (Retz.) J
38|DcC. Panal Rutaceae root for fever, post delivery pains, worms
on sores, carbuncles, stomach ache,
Edampiri colic,cholera,rickets of babies, oil
39}Helectris isora L. |vallampiri Sterculiaceae root, leaf 'massage on  body to relieve pain
for stomach pain, skin disease, urinary
complication, blood purifier, diaphoretic,
Hemidesmus root, whole  |masticatory , galactogogue, nutritive, for
40|indicus(L.) R.Br. |{,naruneendi Periplocaceae plant fever
Jasminum
rottlerianum
Wall.ex A. DC.
41|Var.rottlerianum | Kattumulla Oleaceae leaf for treatment of eczema
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Lagerstroemia . bark, leaf febrifuge, stimulant, purgative ,
42|indica L. May flower Lythraceae flower hydragogue
Lagerstroemia febrifuge, stimulant, astringent,
43|speciosa(L.) Pers. |Poomarathu Lythraceae root, fruit purgative,narcotic
: for atoxy of abdominal viscera,
44)Lantana camara L. |Poochedi, Konda|Verbenaceae whole plant rheumatism, malaria, tetanus
Malvastrum as a slve to both cool and heal inflammed,
coromandelianum (| wounds ans sores, diaphoretic and
45|L.) Garcke Malvaceae lead, flower  }pectoral
for fever of sunstroke, cholera,
rheumatism, sty in the eye, ulcerated
Bark, guom, tongue, stomach ache, poisononig,
46{Mangifera indical. Maavu Anacardiaceae fruit uterine haemorrhage
Maranta acrid, rubefacient, for dysentry, starch is
47|arundinaceae L. Koova Marantaceae rhizome demulcent
Melochia remdy for after affects of water snake
48|corchorifolia L. Sterculiaceae stem and leaf |bites
Merremia
umbellata (L.)Hall.f for fistula,tumors,poultice on
49]. Vayara Convolvulaceae  |whole plant _ |burns,scalds and scores
Merremia for urethral discharge,
vitifolia (Burm.f.)H strngury,diuretic,,applied to iflammed
50}all.f. Manja kolambi |Convolvulaceae  {whole plant _ {eye
Michelia nilagirica Endemic to western
51|Zenk. Kattuchempakam} Magnoliaceae bark febrifuge ghats
Mitragyna
parvifolia (Roxb.) ground into paste for muscular pains, for
52|Korth. Veembu Rubiaceae bark fever and colic
Monochoria chewed to relieve toothache,eaten with
53|vaginalis (Burm.f.) {Karinmkovalum |Pontederiaceae root, bark sugar to relieve asthma
Endemic to Western
Naragamia alata for itching and rheumnatism,,acute ghats, Vulnerable
54| Wight&Arn. Nilanaragam Meliaceae whole plant  |dysentry,emetic,expectorant,cholagogue |(IUCN, 2000)
to cure cardialgia and colic, sudorific,
Naringi purgative, for bilousness, a carminative,
crenulata (Roxb.) aromatic, dried fruit an antidote for
55{Nicols Kattunarakam  |Rutaceae root, leaf, fruit {several reptlile and insect poison
56]0lea dioica Roxb. |Edala Oleaceae bark a febrifuge
Pajanelia
longifolia (Willd.) |Payyani,Azhanth
57|K. Schum. a Bignoniaceae leaf decoction used for stomach disorders
applied for
Passiflora foetida itching,emenagogue,headache,emetic for
58|L. var. foetida Chadayn Passifloraceae whole plant  |asthma and biliousness
Persea macrantha
59)(Nees) Kosterm.  |Kulamavu Lauraceae bark for rheumatism,asthma,or ulcers
as a diuretic, febrifuge, for boils, swollen
Phyla nodiflora (L.) glands, erysipelas, indigestion in
60|Greeene Kattuthippali Verbenaceae whole plant  children, to women after birth delivery
for cough, cold, fever and
thirst,spleen,tonic,on liniment for pains
and paralysis,analgesic for muscular
61| Piper longum L.  |Kattuthipali Piperaceae root, fruit pain,sedative for epilepsy
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postnatal complaints,antiperiodic in Endemic to south
malarial fever,for cholera,prtracted labor,{westem ghats,
convulsions,costipation, Vulnerable
62|Piper nigrum L.  |Karumulaku Piperaceae stem, leaf, fruit |indigestion,rabid dog,stings,diaphoretic |(Nayar,1997)
Pogostemon for uterine haemorrhage, antidote for
63|purpurascens Dalz.|Choriyanthalli {Lamiaceae root, leaf snake bite, scorpion sting
Pseudarthria to expel worms,for mJ
viscida (L.) wight piles,biliousness,asthma,rheumatism,he:
64|& Ar. Moovila Fabaceae whole plant |t disease
infusion used for diabetes,body
Pterocarpus pain,stomach ache,for tongue
65|marsupium Roxb. |Vega Fabaceae wood, leaf disease,toothache
Rauvolfia
serpentina (9L.Y0 |Amalpuri,Sarpag
66{Benth. andhi Apocynaceae whole plant  |antihypertensive,sedative,
in lumbago,sciatica, on burns, for
Ricinus communis lactation, on joint pains, purgative,
67|L. Aavannakku Euphorbiaceae |root, leaf, seed |contraceptives, on skin disease
Schieichera oleosa
68|(Lour.) Oken Poovanam Sapindaceae
for acute malaria, facilitate birth
. delivery, antidiabetic, sexual strength,
69|Scoparia dulcis L. |Kallurukki Scrophulariaceae |whole plant  Jbronchitis, gargle for toothache
Sida
cordata (Burm.f.)B bark for leucorrhoa,gonorrhoea, for boen
70} orss. Valli kurunthotti [ Malvaceae whole plant  |fracture,veneral diseases, impotence
for rheumatism,bile
complaints,asthma,demulcent,
71]Sida rhombifolia L.|Kurunthotti Malvaceae root,leaf, stem |diuretic,skin troubles
* [for pain in body, ulcerated tongue,
sunstroke,measles, small pox,
ophthalmia,dysuria, veneral and skin
72{Smilax zeylanica L.|Kareeelanchi Smilacaeae root,stem disease
For regulating menstruation, as a
Spondias pinnata refrigerant, astringent, antiscorbutic, for
73j(L.f.) Kurz. Ambazham Anacardiaceae root, fruit bilous dyspesia
root, bartk, ulcers, boils swellings, dysentry, slow
Streblus asper stem, pulse, urinary disease, menorrhagia,
74|Lour. Paravamaram  |Moraceae leaf latex, seed |cholera, toothache, leucoderma, piles
Strobilanthus Endemic to
75{ciliatus Nees. Karimkurinji Acanthaceae stem bark is an emollient Peninsular India
as febrifuge, for epilepsy,stomach
Strychnos nux- ache,poultice for maggot infected
76|vomica L. Kanjiram Loganiaceae root, bark ulcers,chicken pox, nervous disorders
in gargles, sore throat, 1o purify blood,
blisters in the mouth, fruit placed locally
Svzygium cumini shoot and leaf, |on cancerous sores, for diabetes,
77|{(L.) Skeels Njaval Myrtaceae fruit, seed carminative
Tabernaemontana
divaricata (L.) applied locally as an anodyne,treatment
78|R.Br. Nandiyarvattom jApocynaceae rootand stem |of the eye
Endemic to south
western ghats,lower
Tabernaemontana applied locally as an anodyne,treatment [risk near threatened(
79theyneana Wall. Koonam pala  |Apocynaceae Root, stem of the eye TUCN,2000)
put on eczema, ringworm,
Tectona grandis wood, seed,  |inflammation,bronchitis, bilousness,
8O(L.f. Thekku Verbenaceae bark urinary discharges
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Tetrameles . for icterus, oedema, ascites and
81{nudiflora R.Br. Cheeni Datiscaceae stem rheumatism, as a diuretic and laxative
Thespesia lampas
82}{(Cav.) Dalz.& Gibs.|Kattuparathi Malvaceae root and fruit |to treat syphilis and gonorrhea
Tiliacora
acuminata ( Poir.)n
Miers ex Hook. f.&
83}Thoms. Vallikanjiram  |Menispermaceae (root drink to cure venomous snake bites
Trema orientalis part
84|(L.) Pottama Ulmaceae unspecified for leprosy
Triumphetta whole plant,  |for antifertility, for dysentry, intestinal
85\rhomboidea Jacq. |Oorpam Tiliaceae root, bark, leaf |ulcers, leprosy and impotency
Tylophora
indica (Burm.f.) stimulant
86| Merr. Vallipala Asclepiadaceae  root,leaf emetic,cathartic,expectorant,diaphoretic
Urena lobata ssp
87|sinuata( L.) Borss. |Uram,Uthiram |Malvaceae root diuretic, for rheumatism
diaphoretic,plant juice for piles,,for
Vernonia conjunctivitis,alexipharmic and
88|cinerea(L.) Less. |Poovan kurunal |Asteraceae whole plant  |anthemintic
Xytia xylocarpa : gonorrhea,diarrhea,stopping
89|(Roxb.) Taub. Trul,Irulpool Mimosaceae bark vomitting,vermifuge
Zizyphus for ascaris infection, abdominal pain, on
90{oenoplea (L.) Mill. |Cheruthudali Rhamnaceae root, bark, fruit]local swelling
for diarrhea, bleeding gum,sores in
Zizyphus mouth, tongue, veneral sores,carbuncles,
91|rugosa Lam. Thodali Rhamnaceae bark, flower |menorrhagia
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Table 4.21  Statistical dispersion value (I} and the pattern of dispersion of each species
in the rubber plantations, Open areas and Forest areas.
Rubber Plantations Open Areas Forest areas
i Statistical Statistical Statistical
Sho. Plant species dispersion gzg::i:; dispersion (;:gz;nsi:rfn dispersion ;:g:rr:igr:
value () value (1) value (I}
1 | Dipteracanthus prostratus 3145 |Aggregated |2.51 Aggregated |0 Nil
2 | Ischaemum indicum 26.07 | Aggregated |2 Aggregated |0 Nil
3 | Ischaemum timorense 1485 | Aggregated | 11.87 Aggregated |8 Aggregated
4 | Justicia procumbens 14.18 [ Aggregated {3.8 Aggregated |0 Nil
5 | Eclipta prostrata 11.98  |Aggregated |8.55 Aggregated {0 Nil
6 | Selaginella delicatula 11.6 Aggregated |1 Random 2.56 Aggregated
7 | Cyathula prostrata 11.4 Aggregated | 17.22 Aggregated | 12 Aggregated
8 | Desmodium ferrugineum 10.99 | Aggregated |0 Nil 0 Nil
9 | Desmodium pulchellum 10.99  |Aggregated |0 Nil 0 Nil
10 | Peperomia pellucida 10.81 | Aggregated |22.01 Aggregated |0 Nil
11 | Oplismenus compositus 10.79 Aggregated |65.5 Aggregated |{8.47 Aggregated
12 | Scoparia dulcis 10.75 | Aggregated | 6.4 Aggregated [0 Nil
13 | Achyranthes aspera 10.68 | Aggregated {5.33 Aggregated |0 Nil
14 | Spermacoce fatifolia 10.36 | Aggregated |8.46 Aggregated |0 Nil
15 | Lepidagathis incurva 9.23 Aggregated |2.93 Aggregated |0 Nil
16 | Piper longum 9.21 Aggregated |0.96 Random 1.71 Aggregated
17 | Cyrlococeum patens 9.16 Aggregated |9.87 Aggregated |0 Nil
18 | Cynodon dactylon 8.95 Aggregated |11.98 Aggregated |3.05 Aggregated
19 | Naragamia alata 8.75 Aggregated {7.11 Aggregated |9.89 Aggregated
20 | Bracharia ramosa 8.74 Aggregated |1.68 Aggregated |3.41 Aggregated
21 | Asystasia dalzelliana 8.46 Aggregated |1 Random 9.95 Aggregated
22 | Mitracarpus villosus 71 Aggregated | 16.07 Aggregated |2 Aggregated
23 | Elephantopus scaber 6.93 Aggregated |7.92 Aggregated |0 Nil
24 | Cyrtococcum oxyphyllum 6.91 Aggregated |6.16 Aggregated [0 Nit
25 | Ichnocarpus frutiscens 6.81 Aggregated |4.15 Aggregated | 3.06 Aggregated
26 | Cucurma zedoaria 6.76 Aggregated |0 Nil 0 Nil
27 | Ottochloa nodosa 6.61 Aggregated |6.23 Aggregated |8.32 Aggregated
28 | Pilea microphylla 6.26 Aggregated |5.49 Aggregated |0 Nil
29 | Desmodium alysicarpoides 5.85 Aggregated |0 Nil 0 Nil
30 | Smilax zeylanica 5.57 Aggregated |0 Nil 1.29 Random
31 | Mikania macrantha 5.47 Aggregated | 3.08 Aggregated |1 Random
32 | Axonopus compressus 5.37 Aggregated |8.11 Aggregated [0 Nil
33 | Kyllinga pumila 5.21 Aggregated |0 Nil 0 Nil
34 | Justicia betonica 5 Aggregated {1 Random 0 Nil
35 | Hedyotis auricularia 494 Aggregated |4.75 Aggregated |0 Nil
36 | Urena lobata 459 Aggregated |2.54 Aggregated |9.82 Aggregated
37 | Oxalis comiculata 4.46 Aggregated |[5.23 Aggregated |0 Nil
38 | Schleichera oleosa 437 Aggregated |2.13 Aggregated |1 Random
39 | Desmodium heterophyllum 4.33 Aggregated |4.39 Aggregated |0 Nil
40 | Mimosa pudica 4.32 Aggregated |7.06 Aggregated |1 Random
41 | Desmodium microphyllum 4.14 Aggregated |0 Nil 0 Nil
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42 | Stachyphymium spicatum 4.03 Aggregated |2.25 Aggregated | 2.46 Aggregated
43 | Altemanthera sessilis 4.01 Aggregated |4.96 Aggregated |2 Aggregated
44 | Allopteris cinicina 4 Aggregated |2.89 Aggregated |0 Nil

45 | Biophytum reinwardtii 4 Aggregated |9.38 Aggregated |1 Random
46 | Tylophora indica 3.9 Aggregated |4.29 Aggregated {3.11 Aggregated
47 | Rungia pectinata 3.88 Aggregated |0 Nil 0 Nil

48 | Cyperus rotundus 3.8 Aggregated |0 Nil 3.26 Aggregated
49 | Kyllinga brevifolia 373 Aggregated |1 Random 0 Nil

50 { Memecylone randerianum 3.53 Aggregated |4 Aggregated |0 Nil

51 | Biophytum sensitivum 3.51 Aggregated |1 Random

52 | Mukia madraspatana 3.49 Aggregated |3.23 Aggregated |0 Nil

53 | Clerodendron viscosum 347 Aggregated |2.13 Aggregated | 11.06 Aggregated
54 | Sida cordifolia 3.38 Aggregated |0 Nil 0 Nil

55 | Spilanthus radicans 3.38 Aggregated |10 Aggregated |0 Nil

56 | Digitaria ciliaris 33 Aggregated |7.35 Aggregated |0 Nil

57 | Spillanthus calva 3.25 Aggregated {4.27 Aggregated |0 Nil

58 | Aporosa lindleyana 32 Aggregated |1.62 Random 2.38 Aggregated
59 | Desmodium triflorum 3.1 Aggregated |6.54 Aggregated |0 Nil

60 | Nephrolepis auriculata 3 Aggregated {0 Nil 0 Nil

61 | Piper nigrum 3 Aggregated |0 Nil 0 Nil

62 | Adiantum lunulatum 2.97 Aggregated |0 Nil 0 Nil

63 | Cucurma neilgherrensis 2.97 Aggregated |0 Nil 2.48 Aggregated
64 | Andrographis atropurpurea 2.96 Aggregated |0 Nil 0 Nil

65 | Desmodium zonatum 2.96 Aggregated | 8.21 Aggregated |0 Nil

66 | Justicia japonica 2.96 Aggregated |5 Aggregated |0 Nil

67 | Phaulopsis imbricata 2.96 Aggregated {3 Aggregated |0 Nil

68 |} Mucuna pruriens 2.87 Aggregated |2 Aggregated |0 Nil

69 | Hevea brasiliensis 2.76 Aggregated |0 Nil 0 Nil

70 | Pteris scabripes 2.73 Aggregated |0 Nil 0 Nil

71 | Cyclea peltata 2.72 Aggregated |1 Random 2.73 Aggregated
72 | Hemidesmus indicus 2.7 Aggregated |5.77 Aggregated |1 Random

73 | Hedyotis corymbosa 2.69 Aggregated |8 Aggregated |0 Nil

74 | Cliforia ternatea 2.61 Aggregated |2.52 Aggregated |10.98 Aggregated
75 | Chromolena odorata 2.59 Aggregated |4.79 Aggregated | 13.47 Aggregated
76 | Cucurligo orchiodes 2,57 Aggregated |1 Random 0 Nil

77 | Desmodium triangulare 2.57 Aggregated {0 Nil 3.74 Aggregated
78 | Strobilanthus heyneanus 2.57 Aggregated |0 Nil 0 Nil

79 | Commelina benghalensis 2.51 Aggregated |1.92 Aggregated |0 Nil

80 | Triumphetta rhomboidea 2.48 Aggregated |0 Nil 0 Nil

81 | Phyllanthus amarus 2.45 Aggregated | 16.99 Aggregated |0 Nil

82 | Synedrella nodiflora 2.45 Aggregated |6.19 Aggregated |0 Nil

83 | Pueraria phaseoloides 243 Aggregated |0 Nil 0 Nil

84 | Rungia parviflora 2.37 Aggregated |3 Aggregated |0 Nil

85 | Centella asiatica 2.36 Aggregated [2.89 Aggregated |5 Aggregated
86 | Sebastiana chamaelea 233 Aggregated |5.65 Aggregated |3.26 Aggregated
87 | Ixora coccinea 23 Aggregated [2.25 Aggregated |3 Aggregated
88 | Sida rhombifolia 2.3 Aggregated |12 Aggregated |2.08 Aggregated
89 | Desmodium gangeticum 229 Aggregated |0 Nil 1.71 Aggregated
90 | Teriophonum faustosum 2.29 Aggregated |0 Nil 0 Nil
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91 | Euphorbia hirta 2.25 Aggregated |4.06 Aggregated |0 Nil

92 | Ageratum conizoides 2.22 Aggregated |2.35 Aggregated |1 Random
93 | Eleutheranthera ruderalis 2.19 Aggregated |5.64 Aggregated |0 Nil

94 | Emilia sonchifolia 2.18 Aggregated |3.08 Aggregated |0 Nil

95 | Tylophora mollisma 2.17 Aggregated |2 Aggregated |0 Nil

96 | Sporobolus indicus 2.11 Aggregated | 3.6 Aggregated |0 Nil

97 | Vemonia cineria 2.1 Aggregated |2.24 Aggregated |0 Nil

98 | Commelina attenuata 2.09 Aggregated |1.85 Aggregated |1 Random
99 | Panicum brevifolium 2.06 Aggregated |5.97 Aggregated |0 Nil

100 | Centrosema pubescens 2.05 Aggregated |3.65 Aggregated {4.9 Aggregated
101 | Adiantum caudatum 2 Aggregated |2 Aggregated |0 Nil

102 | Geophylla repens 2 Aggregated |0 Nil 0 Nil

103 | Lygodium flexuosus 2 Aggregated |3 Aggregated |0 Nil

104 | Pavetta tomentosa 2 Aggregated |0 Nil 1.63 Aggregated
105 | Strobilanthus ciliatus 2 Aggregated |0 Nil 4,62 Aggregated
106 | Themeda triandra 2 Aggregated | 4.11 Aggregated |0 Nit

107 | Allophylus cobbe 1.98 Aggregated {1.62 Random 0 Nil

108 | Cissus discolor 1.98 Aggregated |0 Nit 0 Nil

109 | Gomphostemma eriocarpa 1.98 Aggregated |0 Nil 3 Aggregated
110 | Ochna obtusata 1.98 Aggregated |0 Nil 0 Nil

111 | Syzygium caryophyllatum 1.98 Aggregated |0 Nil 2.29 Aggregated
112 | Cissampelose pareira 1.93 Aggregated |0 Nil 0 Nil

113 | Sida cordata 1.91 Aggregated |2 Aggregated (0 Nil

114 | Hibiscus hispidissimus 1.87 Aggregated 12.14 Aggregated |8.81 Aggregated
115 | Dioscorea bulbifera 1.81 Aggregated |0 Nil 3.26 Aggregated
116 | Glycosmis pentaphylla 1.81 Aggregated |2.51 Aggregated |1.63 Aggregated
117 | Anamirta cocculus 1.76 Aggregated |0 Nil 2 Aggregated
118 | Helectris isora 1.69 Aggregated |1.85 Aggregated |6.86 Aggregated
119 | Pycnospora lutescens 1.68 Aggregated |2.19 Aggregated |2 Aggregated
120 | Ixora malabarica 1.66 Aggregated |1.92 Aggregated |0 Nil

121 | Adenostemma lavenia 1.65 Aggregated |2.03 Aggregated |0 Nil

122 | Commelina maculata 1.65 Aggregated |1.26 Random 0 Nit

123 | Dioscorea tomentosa 1.65 Aggregated |0 Nil 1 Random
124 | Hemiontes cordata 1.65 Aggregated |2 Aggregated |0 Nil

125 | Merremia balaroides 1.65 Aggregated |2 Aggregated |0 Nil

126 | Merremia umbellata 1.65 Aggregated {1.56 Random 3.05 Aggregated
127 | Salacia beddomei 1.65 Aggregated |0.96 Random 0 Nil

128 | Scleria terrestris 1.65 Aggregated |2 Aggregated |0 Nil

129 | Sida rthomboidea 1.65 Aggregated |0 Nil 0 Nil

130 | Solanum capsicoides 1.65 Aggregated |0 Nil 1 Random
131 | Xanthophyllum amottianum 1.65 Aggregated |2 Aggregated [1.63 Aggregated
132 | Pleris biaurita 1.62 Aggregated |0 Nil 0 Nil

133 | Stachytarpheta indica 1.58 Aggregated |3.57 Aggregated |0 Nil

134 | Blumea mollis 1.51 Aggregated |2.19 Aggregated

135 | Canthium coromandelicum 1.51 Aggregated |2 Aggregated |0 Nil

136 | Chassalia curviflora 1.51 Aggregated |0 Nit 0 Nil

137 | Merremia vitifolia 1.51 Aggregated |3.41 Aggregated {2.37 Aggregated
138 | Phyllanthus urinaria 1.51 Aggregated |0 Nil 246 Aggregated
139 | Abutilon ramosum 1.47 Aggregated |2.51 Aggregated {0 Nil
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140 | Ficus hispida 1.47 Aggregated |1 Random 0 Nil

141 | Melochia corchorifolia 1.47 Aggregated | 7.11 Aggregated |0 Nil

142 | Porana volubilis 1.47 Aggregated |1.62 Random 0 Nil

143 | Pseudarthria viscida 1.47 Aggregated |0 Nil 0 Nil

144 | Psychotria nilgiriensis 1.47 Aggregated [0 Nil 0 Nil

145 | Sida alnifolia 1.43 Aggregated |0 Nil 0 Nil

146 | Canthium augustifolium 1.38 Aggregated | 1.26 Random 0 Nil

147 | Hyptis sauveolens 1.36 Aggregated | 5.22 Aggregated |6.51 Aggregated
148 | Jasminum rotlarianum 1.28 Random 2.19 Aggregated |0 Nil

149 | Grewia nervosa 1.14 Random 2.32 Aggregated |1.63 Aggregated
150 | Xenostegia tridentata 1.14 Random 2.88 Aggregated |4.29 Aggregated
1561 | Acacia catechu 1 Random 0 Nil 1.31 Random
152 | Andrographis paniculata 1 Random 0 Nil 2 Nil

163 | Ardisia paucifiora 1 Random 1 Random 2 Aggregated
154 | Cardiospermum halicacabum 1 Random 1.62 Random 0 Nil

155 | Caryota eurens 1 Random 1 Random 0 Nil

156 | Cassia javanica 1 Random 0 Nil 0 Nil

157 | Chukrasia tabularis 1 Random 1 Random 0 Nil

158 | Cleome rutidosperma 1 Random 3 Aggregated |0 Nil

159 | Combretum albidum 1 Random 2.81 Aggregated |0 Nil

160 | Cyanotis tuberosa 1 Random 0 Nil 0 Nil

161 | Cycas circinalis 1 Random 0 Nil 0 Nil

162 | Cyperus zollingeri 1 Random 3.26 Aggregated |0 Nil

163 | Dalbergia horrida 1 Random 1 Random 0 Nil

164 | Dalbergia latifoiia 1 Random 0 Nil 0 Nil

165 | Dalbergia volubilis 1 Random 0.96 Random 0 Nil

166 | Diplazium esculentum 1 Random 2 Aggregated |0 Nil

167 | Elaeocarpus glandulosus 1 Random 1.62 Random 1 Random
168 | Eleusine indica 1 Random 3 Aggregated |0 Nil

169 | Glochidion ellipticum 1 Random 1 Random 0 Nil

170 | Gloriosa superba 1 Random 0 Nil 1.63 Aggregated
171 | Hevea brasiliensis 1 Random 0 Nil 0.97 Random
172 | Ipomea barlerioides 1 Random 2.19 Aggregated |4 Aggregated
173 | Knoxia mollis 1 Random 0 Nil 0 Nil

174 | Mallotus tetracoccus 1 Random 0 Nil 0 Nil

175 | Meineckia longipes 1 Random 1 Random 0 Nil

176 | Memecylone umbellatum 1 Random 251 Aggregated | 0 Nil

177 | Mimosa diplotricha 1 Random 2.51 Aggregated |0 Nil

178 | Murdannia pauciflora 1 Random 1 Random 0 Nil

179 | Plumbago zeylanica 1 Random 0 Nil 5.09 Aggregated
180 | Salacia oblonga 1 Random 1.62 Random 2.09 Aggregated
181 | Sterculia guttata 1 Random 0 Nil 1.43 Random
182 | Strychnos minor 1 Random 0 Nil 0 Nil

183 | Terminalia paniculata 1 Random 1 Random 0.91 Random
184 | Tetracera akara 1 Random 0 Nil 0 Nil

185 | Adiantum capillus veneris 0.99 Random 0 Nil 0 Nil

186 | Agnosma cymosa 0.99 Random 3 Aggregated |2.79 Aggregated
187 | Andrographis lineata 0.99 Random 0 Nil 1 Nil

188 | Aneilemma montana 0.99 Random 0 Nil 3 Nil
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189 | Blepharistemma serratum 0.99 Random 1.62 Random 1,63 Aggregated
190 | Blumea lacera 0.99 Random 5 Aggregated

191 | Diploclisia glaucescens 0.99 Random 0 Nil 1.54 Random
192 | Ficus exasperata 0.99 Random 1.62 Random 1.45 Random
193 ) Glochdion zeylanicum 0.99 Random 0 Nil 0 Nil

194 | Ipomea alba. 0.99 Random 0 Nil 0 Nil

195 | Ixora brachiata 0.99 Random 0 Nil 0 Nil

196 | Leucas aspera 0.99 Random 1.4 Random 0 Nil

197 | Lophatherum gracile 0.99 Random 1.96 Aggregated |0 Nil

198 | Olea dioica 0.99 Random 0.96 Random 2 Aggregated
199 | Rauvolfia serpentina 0.99 Random 0 Nil 0 Nil

200 | Salacia fruticosa 0.99 Random 2 Aggregated (0 Nit

201 | Sauropus bacciformis 0.99 Random 0.96 Random 0 Nil

202 | Tephrosia purpurea 0.99 Random 2.85 Aggregated |0 Nil

203 | Theriophonum infaustum 0.99 Random 0 Nil 0 Nil

204 | Waltheria indica 0.99 Random 2 Aggregated [0 Nil

205 | Zizyphus oenoplea 0.99 Random 0 Nil 5.89 Aggregated
206 | Alstonia scholaris ) 0.98 Random 0 Nil 1.45 Random
207 | Pteris confusa 0.98 Random 0 Nil 0 Nil

208 | Pterospermum reticulatum 0.98 Random 1.62 Random 0.97 Random
209 | Pyrrosia heterophylla 0.98 Random 0 Nil 0 Nil

210 | Tabemaemontana divaricata 0.98 Random 1.62 Random 3.35 Aggregated
211 | Tiliacora acuminata 0.98 Random 0 Nil 0 Nil

212 | Arlocarpus hirsutus 0.97 Random 0 Nil 0.94 Random
213 | Macaranga indica 0.97 Random 0.96 Random 0 Nil

214 | Murdannia japonica 0.97 Random 1 Random 2.79 Aggregated
215 | Strychnos nux vomica 0.97 Random 0 Nil 0.97 Random
216 | Derris brevipes 0.96 Random 0.96 Random 0 Nil

217 | Strychnos colubrina 0.94 Random 0 Nil 6.38 Aggregated
218 | Apodytes dimidiata 0 Nil 0 Nil 1.63 Aggregated
219 | Calamus thwaitesii 0 Nil 0 Nit 1.71 Aggregated
220 | Antidesma acidum 0 Nil 1.62 Random 0 Nil

221 | Caesalpinia bonduci 0 Nil 1 Nil 2.08 Aggregated
222 | Calycopteris floribunda 0 Nil 2 Aggregated |2.05 Aggregated
223 | Calophyllum polyanthum 0 Nit 0 Nil 1.57 Aggregated
224 | Abrus precatorius 0 Nil 0 Nil 1.82 Aggregated
225 | Acacia pennata 0 Nil 0 Nit 1.63 Aggregated
226 | Acrocarpus fraxinifolius 0 Nil 0 Nil 1.15 Random
227 | Actinodaphne bourdillonii 0 Nil 0 Nil 1.82 Aggregated
228 | Actinodaphne malabarica 0 Nil 0 Nil 1.88 Aggregated
229 | Adenanthera pavonina 0 Nil 0 Nil 279 Aggregated
230 | Albizia lebbeck 0 Nil 0 Nil 1.29 Random
231 | Antidesma acidum 0 Nil 0 Nil 1.43 Random
232 | Aramban 0 Nil 0 Nil 1 Random
233 | Arundinella purpurea 0 Nil 4.37 Aggregated |0 Nil

234 | Asystacia gangetica 0 Nil 2 Aggregated |0 Nil

235 | Atalantia racemosa 0 Nil 0.96 Random 0 Nil

236 | Azadirachta indica 0 Nil 0 Nil 1 Random
237 | Bixa orellana 0 Nil 0 Nil 1.82 Aggregated
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238 | Bombax cieba 0 Nil 0 Nil 26 Aggregated
239 | Bridelia scandens 0 Nil 0 Nil 1.63 Aggregated
240 | Careya arborea 0 Nil 0 Nil 1 Random
241 | Caryota eurens 0 Nil 0 Nil 0 Nil

242 | Cassia fistula 0 Nil 0 Nil 2.36 Aggregated
243 | Chionanthus mala elengi 0 Nil 0 Nil 3.06 Aggregated
244 | Cinnamomum sulphuratum 0 Nil 0 Nil 3.21 Aggregated
245 | Digitaria longiflora 0 Nil 5.34 Aggregated |0 Nil

246 | Dioscorea pentaphylla 0 Nil 0 Nil 2 Aggregated
247 | Diospyros buxifolia 0 Nil 0 Nil 10 Aggregated
248 | Ficus benghalensis 0 Nil 0 Nil 0.97 Random
249 | Ficus heterophylia . 0 Nil 0 Nil 1.94 Aggregated
250 | Ficus hispida 0 Nil 0 Nil 0 Nil

251 | Flueggea virosa 0 Nil 0 Nil 0.97 Random
252 | Gomphandra tetrandra 0 Nil 0 Nil 1.71 Aggregated
253 | Grewia glabra 0 Nil 0 Nil 1.63 Aggregated
254 | Grewia tillifolia 0 Nil 0 Nil 1 Random
255 | Hedyotis auricularis 0 Nil 53.25 Aggregated |1 Random
256 | Holarrhena pubescens 0 Nil 0 Nil 1.43 Random
257 | Hugonia mystax 0 Nil 1.62 Random 0 Nil

258 | Hydnocarpus pentandra 0 Nil 0 Nil 1 Random
259 | Iran vaga 0 Nil 0 Nil 2.29 Aggregated
260 | Ischaemum indicum 0 Nil 0 Nil 0 Nil

261 | Ixora johnsonnii 0 Nil 0 Nil 2.23 Aggregated
262 | Ixora nigricans 0 Nil 0 Nil 2 Aggregated
263 | Jasminum azoricum 0 Nil 0 Nil 291 Aggregated
264 | Jasminum brevilobum 0 Nil 0 Nil 143 Random
265 | Knema aftenuata 0 Nil 0 Nil 143 Random
266 | Lagerstroemia indica 0 Nil 0 Nil 0.97 Random
267 | Lagerstroemia microcarpa 0 Nil 0 Nil 1.29 Random
268 | Lagerstroemia speciosa 0 Nil 0 Nil 1.63 Aggregated
269 | Lannea coromandelica 0 Nil 0 Nil 1 Random
270 | Lantana camara 0 Nil 0 Nil 2.23 Aggregated
271 | Leeaindica 0 Nil 0 Nil 0.97 Random
272 | Lophatherum gracile 0 Nil 0 Nil 3.05 Aggregated
273 | Mangifera indica 0 Nil 0 Nil 1 Random
274 | Melicope lunu ankenda 0 Nil 1.4 Random 0 Nil

275 | Michelia nilagirica 0 Nil 0 Nil 8.42 Aggregated
276 | Mitragyne parvifiora 0 Nil 0 Nil 2 Aggregated
277 | Mucuna pruriens 0 Nil 0 Nil 0 Nil

278 | Myristica malabarica 0 Nil 0 Nil 0.97 Random
279 | Naravelia zeylanica 0 Nil 1 Random 0 Nil

280 | Naringi crenulata 0 Nil 0 Nil 1.53 Random
281 | Neolamarckia cadamba 0 Nil 0 Nil 1 Random
282 | Nothapodytes nimmoniana 0 Nil 0 Nil 3 Aggregated
283 | Ochna obtusata 0 Nil 1.62 Random 0 Nil

284 | Ottuplavu 0 Nil 0 Nil 1 Random
285 | Pajanelia longifolia 0 Nil 0 Nil 2 Aggregated
286 | Pennisetum polystachyon 0 Nil 251 Aggregated |0 Nil
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287 | Peperomia pellucida 0 Nil 0 Nil 0 Nil

288 | Persea macrantha 0 Nil 0 Nil 0.97 Random
289 | Phyla nodiflora 0 Nil 0 Nil 1.29 Random
290 | Phyllanthus embelica 0 Nil 0 Nil 1.22 Random
291 | Piper barberi 0 Nil 0 Nil 8.15 Aggregated
292 | Polyalthia coffeoides 0 Nil 0 Nil 3.26 Aggregated
293 | Polyalthia fragrans 0 Nil 0 Nil 0.94 Random
294 | Ponkurangu 0 Nil 0 Nil 1.63 Aggregated
295 | Porana volubilis 0 Nil 0 Nil 0 Nil

296 | Psydrax dicoccus 0 Nil 0 Nil 1.63 Aggregated
297 | Pterocarpus marsupium 0 Nil 0 Nil 1.63 Aggregated
298 | Pueraria phaseoloides 0 Nil 0 Nil 3 Aggregated
299 | Ricinus communis 0 Nil 0 Nil 2.56 Aggregated
300 | Sapindus trifoliata 0 Nil 0 Nil 0.97 Random
301 | Spondias pinnata 0 Nil 0 Nil 1 Random
302 | Streblus asper 0 Nil 0 Nil 1.63 Aggregated
303 | Strobilanthus ciliatus 0 Nil 0 Nil 0 Nil

304 | Strychnos lenticellata 0 Nil 0 Nil 2.88 Aggregated
305 | Suregada augustifolia 0 Nil 0.92 Random 0 Nil

306 { Syzygium cumini 0 Nil 0 Nil 1.29 Random
307 | Tabernaemontana heyneana 0 Nil 0 Nil 1.91 Aggregated
308 | Tectona grandis 0 Nil 0 Nil 1 Random
309 | Terminalia bellirica 0 Nil 0 Nil 1.28 Random
310 | Terminalia elliptica 0 Nil 2 Aggregated | 1.63 Aggregated
311 | Tetrameles nudiflora 0 Nil 0 Nil 1 Random
312 | Thespesia lampas 0 Nil 0 Nil 1.91 Aggregated
313 | Tiliacora acuminata 0 Nil 0 Nil 4.69 Aggregated
314 | Toona ciliata 0 Nil 0 Nil 1 Random
315 | Trema orientalis 0 Nil 1.62 Random 1.71 Aggregated
316 | Xylia xylocarpa 0 Nif 0 Nil 3.45 Aggregated
317 | Zanthozylum rhetsa 0 Nil 0 Nil 1 Random
318 | Zizyphus rugosa 0 Nil 0 Nil 1.88 Aggregated
319 | Citrus maxima 0 Nil 0 Nil 0.97 Random
321 | Costus speciosus 0 Nil 0 Nil 4.29 Aggregated
322 | Cymbopogon flexosus 0 Nil 0 Nil 1 Random
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Plate 9a

Some pioneer species (vectors) found in the ground flora of Rubber
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Plate 10b

Ravolfia serpentine Ixora coccinea
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Some medicinal plants found in the Rubbe™"
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Plate 11a

Lagerstroemia microcarpa Mussaenda bellila

Aneilema montana
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Ravolfia serpentina

Memecylone randerianum



Plate 12

Some zoochorous species (deep forested) found in the ground flora of
rubber plantations
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Chassalia curviflora
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Plate 13b

Ixora malabarica

Syzygium caryophytlatum
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Ochna obtusata

Hugonia mystax



