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SUMMARY

Mountain ecosystems are important biological diversity centres with half of the world’s
biodiversity hotspots concentrated in these areas. Vegetation types that are usually found over
long distances are observed over short distances in mountains. Thus, species richness studies
in altitudinal gradients have become increasingly popular in recent years. Understanding the
structure, composition and diversity of a forest is an essential feature in assessing the
sustainability, ecological importance and its implication for conservation and management.
Studies on regeneration are a useful tool in understanding the present vegetation and also give
an insight into the future vegetation composition. Forests also play an important role in the

mitigation of climate change by sequestering carbon in biomass and soil.

India’s recognition as one of the four mega-diversity countries of Asia is derived largely from
two of its most important biodiversity ‘hot-spots’: the Himalaya including the north-eastern
hills along the northern border, and Western Ghats in the peninsular India. Western Ghats is
one of the main mountain ranges in India and is a region of immense global importance for
the conservation of biological diversity. Kodagu district which lies in the central part of the
Western Ghats has witnessed a rapid expansion of plantation crops. The indiscriminate
development, expansion of coffee plantations and commercialization of property to
homestays and resorts has led to a decrease in tree cover over the years. The original native
trees have been removed to grow fast growing commercial trees for timber and shade
purposes in coffee plantations, which have also led to a decrease in the avian diversity and
bee colonies in the region.

The vegetation of the protected areas of Brahmagiri Wildlife Sanctuary (BWS) and
Pushpagiri Wildlife Sanctuary (PWS) along an elevational gradient was carried out and the
carbon stock and carbon sequestration potential was estimated. The tree species were
recorded by laying down three quadrats of 20 x 20 m at 20 m apart from each other at every
100 m elevation. A total of 93 quadrats covering an area of 3.72 ha were laid for vegetation
study. In each quadrat all the species with girth >30 cm was measured. The regenerating
individuals were sampled by laying down 1 x 1 m at the four corners and one at the centre of
20 x 20 m quadrat. A total of 465 sub quadrats were laid for regeneration study. All the

individuals <10 cm were considered as seedlings and >10cm to <30 cm were considered as
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saplings. Soil samples were collected from a depth of 0-30 cm from 31 sites and were

analysed for carbon content and nutrient availability.

Land use and land cover for two decadal changes was carried out for three protected areas
along with the adjoining Reserve Forests. Study revealed that areas having habitat with
vegetation and agricultural plantations increased and the tree groves decreased. Normalized
Difference Vegetation Index showed that there has been a decrease in the forest cover in the
past two decades. Although the change in the land cover in these areas is minimal in the past
two decades, coffee expansion to higher elevations on fringes of protected areas should be
restricted.

On the basis of elevational gradient, the study area was divided into Low (100-500 m), mid
(600-1000 m) and high elevation (1100-1700 m) ranges. Species richness was found to be
highest in mid elevation range in BWS and high elevation range in PWS. The dominant
species in low elevation range was Vepris bilocularis in BWS and Knema attenuata in PWS,
mid elevation was Olea dioica in BWS and Vateria indica in PWS, High elevation was

Ligustrum perrottetii in BWS and Litsea mysorensis in PWS.

A total of 1708 individuals belonging to 132 tree species, 95 genera and 46 families were
recorded in both protected areas of which 26.25 % of the total species and 48.42 % of the
families was found to be common between two protected landscapes. Hopea parviflora and
Dimocarpus longan were the dominant species common to both the landscapes. In BWS, a
total of 884 individuals belonging to 94 tree species, 83 genera and 39 families respectively
were recorded from 100 to 1500 m with 39 tree species endemic to the Western Ghats. In
PWS, 824 individual belonging to 85 species, 64 genera and 37 families respectively were
recorded from 200 m to 1700 m with 36 species endemic to the Western Ghats. Species
richness varied along the elevational gradients and ranged from 3 to 27 in BWS and 8 to 22 in
PWS. The maximum species richness occurred at 400 m with 27 species in BWS and in PWS
at 700 m and 1000 m with 22 species each. The relation between species richness and
elevation showed a negative correlation both in BWS and PWS with a decrease in the species

richness with elevation.

A total of 52 out of 132 tree species recorded in two landscapes were found to be endemic to
the Western Ghats. A total of 439 individuals belonging to 39 endemic tree species and 22
families were recorded in BWS and 431 individuals belonging to 36 endemic tree species and



20 families were recorded in PWS respectively. The number of endemic species in the
elevational sites varied from 2 to 15 in BWS and 3 to 14 in PWS. The endemic species with
the highest number of individuals in BWS included the species Vepris bilocularis, Hopea
parvilfora and in PWS it included species such as Litsea mysorensis and Palaquium

ellipticum.

In this study, majority of the species had contagious (91.62 %) distribution pattern followed
by random (7.82%) and regular distribution (0.56 %) pattern. Diospyros nilagarica, Knema
attenuata, Ligustrum perrottetti, Myristica malabarica and Vitex altissima showed
contagious distribution. Actinodaphne bourdilloii, Cinnamomum riparium, Calophyllum

apetalum showed contagious random distribution pattern.

The stand density was higher in BWS than in PWS as there was more number of individuals
recorded in BWS although PWS had more number of elevational sites. The basal area was
highest at 500 m with 113.18 m%ha in BWS and 1200 m with 110 m? /ha in PWS
respectively. There was a negative correlation between basal areas with elevation in BWS.
However there was no correlation in PWS. Hopea parviflora and Pallagium elipticum had the
highest basal area in BWS and PWS respectively.

A total of 46 families were recorded for both BWS and PWS with 39 families recorded in
BWS and 37 families in PWS. Anacardiaceae was the dominant family in BWS with 8
species (8.51 %) and Lauraceae with 9 species (10.71 %) in PWS. The Family Importance
Value was highest for Dipterocarpaceae in BWS and Lauraceae in PWS. The Importance
Value Index of the species showed that the vegetation distribution was dominated by Olea
dioica (15.90) in BWS and Palaquium ellipticum (20.82) in PWS.

The Shannon-Wiener diversity Index (H') was found to be higher in BWS (3) than PWS
(2.86).The Simpson’s Index (D) was greater in BWS, however there was no significant
relationship between Simpson’s diversity Index with elevation in both the landscapes.
Pielou’s evenness Index (E) was found to be greater in the higher elevations, 1000 m (0.95)
in BWS and 900 m and 1100 m (0.94) in PWS with no significant correlation between

evenness and elevation.

In BWS, 70.25 % were understorey trees, 21.72 % mid and 8.3 % top canopy trees. In PWS,
74 % of the trees were understorey trees, 22% mid and 3 % constituted the top canopy trees.

The tree canopy in both the landscapes composed mostly of understorey trees with Litsea
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floribunda as the dominant species in both BWS and PWS, Kingiodendron pinnatum was the
dominant mid canopy tree in BWS and Holigarna arnottiana in PWS and Palaquium
ellipticum was the dominant top canopy in both BWS and PWS. In both the sanctuaries, 30-
60 cm girth class recorded the highest number of individuals with 428 individuals in BWS
and 420 individuals in PWS respectively.

A total 1050 individuals belonging to 55 species and 31 families were recorded in both BWS
and PWS for regenerations studies. In BWS, 46 species with 571 individuals and 30 species
with 479 individuals in PWS were recorded respectively. Regeneration individuals were
found to be highest at 500m with 68 individuals in BWS and 1000m in PWS with 47
individuals. The dominant species in BWS was Drypetes venusta with 51 (10.83%)
individuals and Diospyros ebenum with 64 (13.36%) individuals was dominant in PWS.
Regenerating individuals was found to decrease with increase in elevation. The study showed
a healthy regeneration population with higher number of seedlings than saplings although

most of the individuals do not reach the matured or adult stage.

The soil in both the landscapes was found to be acidic in nature. The nutrient availability of
the soils was found to be higher in BWS than PWS, however the Organic Carbon and the
moisture content in the soil was found to be higher in PWS than in BWS, which is due to

various factors such as slopes, soil profile, rainfall, aspect and climate.

A total carbon stock of 6006 t and standing biomass of 12011 t were recorded in both the
landscapes. Carbon stock was found to be higher in low elevation range in BWS, but it was
found to be higher in mid elevation range in PWS. The carbon stock was found to be higher
in BWS than PWS. The carbon stock in BWS was estimated at 224.8 t/ha of which 181.2 t/ha
contributed to AGC and 43.6 t /ha contributed to BGC. The maximum carbon stock of 673.3
t/ha was recorded at 100 m in BWS. Whereas in PWS, the tree carbon stock was estimated at
164.6 t/ha out of which 132.3 t/ha contributed to the AGC and 32.2 t/ha contributed to the
BGC and the maximum carbon stock of 454.8 t/ha was recorded at 1200 m in PWS. Ficus
virens (21.53 t/ha) had the highest carbon stock in BWS and Ficus nervosa (46.74 t/ha) in
PWS respectively. The carbon stock decreased with elevation in both BWS and PWS, which
is due to decrease in the temperature, edaphic and climatic factors. The carbon sequestration
potential in both the landscapes was estimated at 710 t/ha. The carbon sequestration potential
of the forests of BWS and PWS was recorded at 824 and 604 t/ha respectively. The carbon
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stock across the elevational ranges was found to be higher in low elevation range in BWS but

it was found to be higher in the mid elevation range in PWS.

The vegetation across the two landscapes showed presence of a diverse flora and a healthy
regeneration population. Maximum species diversity occurred in the lower elevations with a
peak in mid elevations and decreased higher up the elevation, whereas endemic species were
found to be more abundant in the higher elevations. The forest structure and composition of
the vegetation change along the elevational gradients with a decrease in tree height and girth
size of the trees with increase in elevation. The study concludes that elevation plays a major
role in vegetation type and composition of species.

The organic content in the soil was found to be more in the higher elevations compared to
lower elevations. The carbon stock varied across the elevational gradients and the species
with larger girth size contributed more to carbon stock. Both the landscapes had good
potential for carbon sequestration with BWS having higher carbon stock than PWS. These

forests thus act as carbon sinks which is helpful in the mitigation of climate change.

Hence protected areas are important in the conservation of biological diversity and climate
regulation by acting as carbon sink. The conservation of the forest in these landscapes relies
mostly on forest department policies and protective actions against encroachments, fire,
grazing and other anthropogenic factors. Therefore continued conservation efforts and site
specific management plans needs to be implemented to conserve the biodiversity of these
protected areas.
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Chapter - 1
INTRODUCTION

1.1 Biodiversity and Mountain Ecosystem

Biodiversity is defined as “the variability among living organisms from all sources which
includes diversity within species, between species and of ecosystems” (CBD, 1992). It
represents the variety and heterogeneity of organisms from molecules to ecosystems (Morris
et al., 2014). Wilson (1988) stressed on treating biodiversity as a global resource, to be
indexed, used and preserved above all. Biological diversity has however continued to
decrease despite efforts over the past two decades mainly from habitat destruction, over-
harvesting, pollution and inappropriate introduction of foreign plants and animals (UNCED,
1992). Mittermeier et al., (2008) suggests that focusing conservation efforts on areas with
the greatest concentrations of biodiversity and the likelihood of losing significant portions of
biodiversity will achieve maximum impact for conservation investment. Mountains cover
about one-third of the Protected Areas in the world and support about one quarter of
terrestrial biodiversity with nearly half of the world’s biodiversity hotspots concentrated in
mountains (Spehn et al., 2010). Terrestrial ecosystems are constituted by a complex array of
interacting communities and occupy 28 % of the Earth’s surface (Herrera-Estrella, 2014).
Forest ecosystems include the living organisms of the forest and it extends vertically upward

into forest canopies and downward to the lowest soil layers (Waring & Running, 2007).

Mountain ecosystems are important biological diversity centres (Price et al., 2011) and are
important to the survival of the global ecosystem. These ecosystems play a crucial role with
about 10% of the world’s population depending on them for water, food, minerals and
agricultural products (CBD, 1992). Mountain ecosystems belong to the most endangered
ecosystems in the world (Gabriele & Keplin, 2005). Mountains are also home to a significant
number of distinct ethnic groups, with distinct cultural traditions, environmental knowledge
and habitat adaptations. As a result, mountains host some of the world’s most complex
agricultural diversity and traditional management practices (Spehn et al., 2010). Mountain
environment are essential for the survival of global biodiversity. Agenda 21 identified two

programme areas for sustainable mountain development one of which was generating and



strengthening knowledge about the ecology and sustainable development of mountain
ecosystems and another one on promoting integrated watershed development and alternative
livelihood opportunities (UNCED, 1992).

The different vegetation types which are usually found over hundreds of kilometers distance
longitudinally or latitudinally at low elevations can be found over a few kilometers distance
in mountains (Peterson et al., 1997) which makes it ideal for studying different ecological
and biogeographical hypotheses (Korner, 2000). The latitudinal and altitudinal distribution
of vegetative zones was first described by Von Humboldt (Turner, 1989). The latitudinal
gradient was the pattern that first attracted scientific attention to species diversity (Huston,
1994) and studies on species richness patterns have been attracting increased attention
(Grytnes, 2003; Guo et al., 2013). Latitudinal gradients of biodiversity are biogeographic
patterns that quantify the ways in which taxonomic, phylogenetic, functional, genetic, or
phenetic biodiversity change with latitudinal position on the surface of the earth (Willig &
Presley, 2018). Topography-based analyses in mountain regions are insightful due to terrain
related heterogeneity (Bunyan et al., 2015) relative elevation, slope convexity (Titshall et al.,
2000; Sri-Ngernyuang et al., 2003) and soil properties (Tange et al., 1998) which influence
the presence of species. Understanding the distribution of tree species and their assemblages
plays an important role in elucidating distribution patterns of biodiversity (Utkarsh et al.,
1998), it is also important in conservation science as it allows one to identify regions of

exceptional richness (Ashton, 1992).
1.2 Western Ghats of India

There are four terrestrial biodiversity hotspots in India viz., the Himalayan, Indo-Burma,
Western Ghats and Sri Lanka, Andaman and Nicobar Island, of which the Himalayas and the
Western Ghats form the major mountain ranges in India. The Western Ghats are a chain of
mountains recognized as one of the world’s eight ‘hottest hotspots’ of biological diversity
(Myers et al., 2000) and also as a region of immense global importance for conservation of
biological diversity. The Western Ghats present one of the best examples of tropical
monsoon ecosystem on the planet with its characteristic montane forest ecosystem which
influence monsoon weather patterns (UNESCO, 2019). It runs for about 1600 Km roughly in
a North-South direction through the states of Gujarat, Maharashtra, Goa, Karnataka, Kerala

and Tamil Nadu and covers an area of 140,000 Km?. The highest peak of the Western Ghats
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is the Anamudi peak at 2695 MSL located in Eravikulam National Park of Kerala. UNESCO
(2012) recently declared 39 sites in the Western Ghats as World Heritage Sites of which 20
are in Kerala, 10 in Karnataka, 5 in Tamil Nadu and 4 in Maharashtra respectively.

Western Ghats are known for their high levels of endemism both at higher and lower
taxonomic levels (Daniels, 1997) and supports a variety of tropical forest ecosystems
because of their geographical location, stable geological history, favorable climate and good
soil conditions (Sundarapandian & Swamy, 2000). A total of 325 globally threatened species
occur in the Western Ghats of which 129 are classified as Vulnerable, 145 as Endangered
and 51 as Critically Endangered (UNESCO, 2012). It also harbours 7388 species of
flowering plants, of these, 5584 are indigenous (2242 species are Indian endemics and 1261
are the Western Ghats endemics), 377 are exotic naturalized and 1427 are cultivated or
planted (Nayar et al., 2014). However, the primary forests of Asia, particularly those of the
Western and the Eastern Ghats of peninsular India are disappearing at an alarming rate due
to anthropogenic pressure with the forests being replaced by inferior species or change in the
land use pattern (Parthasarathy, 1999). Biodiversity in the Western Ghats is threatened by a
variety of human pressures with the existing forest being highly fragmented and facing the

prospect of increasing degradation (Bawa et al., 2007).
1.3 Vegetation Dynamics

Vegetation dynamics is the change in composition of species across different environmental
gradients. An understanding of vegetation dynamics is basic to manage plant communities
(Niering, 1987). Topography and elevation influence vegetation across biomes in terms of
species composition and assemblages (Bunyan et al., 2015). In India, the first work on
vegetation was carried out by Champion (1936) and later revised by Champion and Seth
(1968). Vegetation needs to be studied in relation to its surroundings at both species and
community levels as it is the expression of environment in a specific habitat at a specific
time (Khan et al., 2012). Vegetation composition, diversity of species and the structure of a
forest is seen as an essential feature in assessing the sustainability of species conservation,
ecological significance and the development of management policies for forest ecosystems
(Kacholi, 2014).



Trees are used for species-area and species-individual relationship because they are easy to
locate precisely and count (Condit et al., 1996). Studies on tropical plant species are
important as it is useful in understanding the extent of plant biodiversity across the tropics
and also for conservation and management (Parthasarathy et al., 2007). Tree species
diversity is a fundamental component of total biodiversity in many ecosystems because trees
are ecosystem engineers that provide resources and habitats for almost all other forest
organisms (Huston, 1994) and it also reflects the carrying capacity of the ecosystem
(Kumaraguru et al., 2016). Whittaker (1972) suggested that number of species is the most
simple and appropriate measure of diversity. Trees form the major structural and functional
basis of tropical forest ecosystems and can serve as robust indicators of changes and
stressors at the landscape scale (Khan et al., 1997). The diversity of tree species in tropical
forests varies by geography, habitat parameters, and levels of disturbance (Whitmore, 1998).
An understanding of the species diversity and distribution patterns is important for helping

managers to evaluate the complexity and resources of forests (Jayakumar & Nair, 2013).

Studies on species richness have been assessed for decades, where diversity and endemism
play important roles in the conservation and understanding of the overall biodiversity
(Gentry, 1992; Vetaas & Grytnes 2002; Fu et al., 2006). Species diversity is scale dependent
and can have higher diversity at lower elevation and lower diversity at higher elevation due
to climatic extremes at higher elevations (Oommen & Shanker, 2005; Bhattarai & Vetaas,
2006) whereas species endemism is maximum at higher elevation due to isolation governed
by terrain (Shrestha & Joshi, 1996). The trends in species richness and endemism also
depends on a number of other factors such as topography, inclination of slope, aspect, soil
types (Shanks & Nooris 1950; Mandal & Joshi, 2014), niche width, niche differentiation
with respect to light availability and soil resources (Bisht & Bhat, 2013). Besides climatic
and geographic location, species diversity of a given forest area also depends on site
representativeness, plot dimensions and the extent of human interaction in the past and
present (Parthasarathy, 2001). Studies on species diversity are important as they affect the
functioning of ecosystems (Chapin et al., 2000; Rana & Gairola, 2009), provide baseline
information for conservation and management of the present forest (Sahu et al., 2012;
Premnavi et al., 2014).



Regeneration is the process of silvigenesis by which trees and forests survive overtime. The
future composition of the forests depends on the potential regenerative status of tree species
within a forest stand in space and time (Henle et al., 2004). Regeneration of any species is
confined to a particular range of habitat conditions and the extent of those conditions is a
major determinant of its geographic distribution (Grubb, 1977). The population structure is
characterized by the presence of sufficient population of seedlings , saplings and adults
which indicates regeneration of forest species (Saxena & Singh, 1984) and the presence of
saplings under the canopies of adult trees also indicates the future composition of a
community (Pokhriya et al., 2010). Regeneration in many Indian forests including those
forests of the Western Ghats is inadequate to replace the adults (Sukumar et al., 1992).
Studies on regeneration pattern can be helpful in analyzing the existing trend in vegetation
succession and obtain a foresight into the future vegetation composition (Karthik &
Viswanath, 2012). Detailed studies on the regeneration status are necessary to manage and
restore these vanishing resources as they form the basis for future plan (Sundarapandian &
Swamy, 2000).

1.4 Tree Species Endemism

The Western Ghats are home to a large number of endemic species with nearly 63% of the
total tree species found in the low and medium elevation evergreen forests being endemic
(Ramesh et al., 1997 ). About 4500 plant species are known in the Western Ghats of which
35 % are endemic (Daniels, 1997). The reasons for the high diversity of endemic species in
the Western Ghats can be due to isolation from other moist formations (Mehr-Homiji, 1983),
increase in the number of dry months from North to South, decrease in temperature with
increase in altitude and local topographic variations (Ramesh & Pascal, 1997). Also, the
high ranging hills of the Western Ghats are ideal for survival of some species when the
climatic conditions become drier. Analysis of endemic species revealed that Western Ghats
being much older in age compared to Himalayan Mountains support a large majority of
paleo endemics (Rao, 2012). Endemism is mostly concentrated in isolated patches of
unusual habitat in cloud forests, topographically dissected montane areas and on continental
fragment island. An obvious approach to conserving plant biodiversity is to map
distributional patterns and look for concentration of diversity and endemism (Gentry, 1992).
Endemic species if lost from their native habitat, they will be lost forever as they will not



be found anywhere else in the world and so they deserve conservational priority (Chitale
etal., 2014).

1.5 Spatio-temporal Analysis

Forest mapping has become more important in view of the shrinkage and degradation of
forest cover (Singh et al., 2002). Land Use Land Cover Change (LULCC) has become a
central and important component in current strategies for managing natural resources and
monitoring environmental changes and it serves as an effective tool for scientists and policy
makers for efficient land management plans (George et al., 2016; Alsaaideh et al., 2011).
With the change in climate and over demand of the growing inhabitants there has been a
significant change in Land Use Land Cover (LULC) globally (Singh et al., 2012) and studies
on LULC have received a lot of interest in the past few decades. Forest covers are lost
globally in the developing countries of the tropics due to anthropogenic activities (Kusimi,
2008). Use of remote sensing and increased satellite resolutions has revolutionized the study
of LULCC as it is a more cost effective method and is suitable to monitor change detection
at varying spatial ranges (Singh et al., 2002; Roy & Roy 2010; Singh et al., 2012). Digital
change detection techniques based on multi-temporal and multi-spectral remotely sensed
data have demonstrated a great potential as a means to detect, identify, map, and monitor
differences in land use and cover patterns over time, irrespective of the causal factors (Rawat
etal., 2013).

1.6 Forest and Climate change

The past few decades has seen the effect of climate change and the threat it poses to the
environment and the quality of human life all over the world. Biodiversity has been impacted
to a great extent due to the abrupt hike in the level of Green House Gases (GHGs) (Mitra,
2013). Deforestation alone accounts for about 17 % of global GHGs emissions (IPCC,
2007). Among the primary GHGs which are CO,, NOx, CH4 and Water vapour; CO; is of
major concern as it is mainly due to fossil fuel burning, industrial processes and human
induced impacts (IPCC, 2014). With the rise in GHGs in the atmosphere, there has been an
urgent need to quantify the forest carbon stock for better monitoring and management of the
forests (Pragasan, 2015). Thus, forests which cover approximately 30-40% of the Earth
(Waring & Running, 2007) play an important role in the mitigation and adaptation of climate



change. The concept of using forests for the mitigation of climate change was first proposed
by Dyson (1977) in the 1970’s. It has also been implemented in the Kyoto protocol and it
suggests that management of natural terrestrial carbon sinks, primarily afforestation and
reforestation at a global scale can increase sink strength and thus reduce atmospheric CO;
(Schulze et al., 2000). Forests act as carbon sinks by storing large amounts of carbon from
the atmosphere and retain it in biomass and soil (Bravo et al., 2008; Whitehead, 2011).
Understanding forest management and the effect it can have on the carbon cycle is crucial to
incorporate carbon storage into management strategies to mitigate climate change (Pandey,
2012). Tropical forests including vast areas of degraded lands also function as carbon sinks
(Brown & Lugo, 1992).

Forest ecosystems are the largest terrestrial carbon sink on earth (Ahirwal & Maiti, 2018).
The Global Forest Resources Assessment (FRA) reported that the world’s forest area
decreased from 31.6 % of the global land area to 30.6 % between 1990 and 2015 but that
pace of loss has slowed down in recent years (FAO, 2018). Estimates made for Forest
Resource Assessment show that the world’s forests store around 650 billion tons of carbon
which is higher than what is found in the atmosphere (FAO, 2015). Overall forests contain
just over half of the carbon residing in terrestrial vegetation and soil amounting to some
1200 Gigatonne (Gt) of Carbon (FAO, 2010). Terrestrial ecosystems store about 2500
Petagram of Carbon (PgC) with 500 PgC in vegetation and 2000 PgC in soil (Alexandrov,
2008). Terrestrial ecosystem is a major biological scrubber of atmospheric CO, that can be
significantly increased by careful management (Melkania, 2009), it acts as a major
ecological parameter in determining carbon sequestration and carbon sink function (Aishan
et al., 2018). Tropical forests store about 46 % of the world’s living terrestrial carbon pool
and 11 % of the world’s soil carbon pool (Brown & Lugo, 1982). The carbon stocks stored
in the forests of India from 1995 to 2005 have increased from 6244.78 to 6621.55 million
tonnes (Kishwan et al., 2007).

1.7 Carbon Sequestration

Carbon sequestration is a term used to describe both natural and deliberate process by which
CO; is either removed from the atmosphere or diverted from emission sources and stored in
the ocean, terrestrial environments and geologic formations (Sundqvist et al., 2008). It is one
of the best and practical ways for removal of carbon from the atmosphere. Knowledge on

carbon accumulation in any ecosystem will also help predict future global climate change
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(Shedayi et al., 2016). The carbon sequestration potential of a forest is determined by its
biomass production which indicates the potential of a forest to absorb atmospheric CO, and
reduce global warming and the standing biomass of a forest reflects on the amount of carbon
sequestered during its lifetime (Sundarapandian et al., 2013). Biomass production depends
on the interaction between edaphic, climatic and topographic factors of the specified area
and the species that occur in the specific area (Kamruzzaman, 2018). Carbon allocation in
above ground and below ground components of plants is one of the important processes of
carbon cycling (Chen et al., 2015). Above Ground Biomass is a key variable in the annual
and long term changes in the global terrestrial carbon cycle and other earth system
interactions (Terakunpisut et al., 2007). The concentration of CO; in the atmosphere has
increased by 31% since the beginning of the industrial era (IPCC, 2001). Deforestation and
forest degradation contribute 15-20 % of global carbon emissions and most of that
contribution comes from tropical regions (Weier & Herring, 2000). The rate of increase of
atmospheric CO, in the future will depend on the anthropogenic activities, interaction of
biogeochemical and climate process of the carbon cycle and carbon pools (Crichton, 2012)
and continued increase in the concentration of CO, is predicted to lead to significant changes
in climate (Cox et al., 2000).



Chapter - 2
REVIEW OF LITERATURE

2.1 Landscape Modifications using Geospatial Techniques

Land cover was originally referred to the kind and state of vegetation but it has broadened in
subsequent usage to include human structures such as buildings and other aspects of the
natural environment such as soil type, biodiversity and surface and groundwater (Meyer,
1995). Land cover is defined as observed physical features on the Earth’s surface, when an
economic function is added to it; it becomes land use (FAO, 2015). LULC are distinct yet
closely linked characteristics of the Earth’s surface (Meyer, 1995). The last three centuries
has seen the face of the earth being drastically altered because of anthropogenic activities
(Roy & Roy, 2010). The change in land use occurs due to physical needs on one hand and
natural potential of land on the other (Ram & Kolarkar, 1993). The change in the land use
pattern affects biodiversity, structure and composition of natural communities which in turn

affects the ecosystem functioning and services (Martinez et al., 2009).

Remote sensing together with GIS (Geographic Information System) forms a potential tool
for monitoring the changes in the land cover at regional as well as global scale by identifying
conservation hotspots, deforestation rate and quantification of overall forest cover at finer
scale (Kumar, 2011). Remote sensing images are suitable for quantifying and analyzing land

cover dynamics especially for forest cover change (Ghebrezgabher et al., 2016).

Studies on LULCC have become a central and important component in current strategies for
managing natural resources and monitoring environmental changes (Tiwari & Saxena,
2011). LULCC can be done on a temporal scale to assess the changes in landscape caused
due to human activities at low cost, speed and accuracy (Gibson & Power, 2000; Singh et
al., 2002; Rawat & Kumar, 2015). Studies on change detection helps in proper management
of landscapes and natural resources leading to sustainable development and sustainable use
of resources as it forms a potential tool at research, policy formulation and implementation
level (Munsi et al., 2010). LULCC databases are also being prepared as they are helpful in

macro level decision making, working plan maps (Jiyuan et al., 2002; Kumar et al., 2014).



In India, a number of studies have been carried out in various parts of the country to
understand and address changes in urban cities, vegetation cover, forest encroachment, forest
corridor and burnt area mapping (Somashekar et al., 2009; Singh et al., 2012; Hemanjali et
al., 2015;Mallegowda et al., 2015; Mir et al., 2016). Garcia et al., (2009) studied the LULC
of Kodagu district for two decades and reported a 30 % decrease in the forest cover due to
the intensification of coffee cultivation in the species rich wet evergreen belt of the district of

Kodagu.

Several indices are used for vegetation assessment, but NDVI (Normalized Difference
Vegetation Index) is the most commonly used vegetation index (Weier & Herring, 2000;
Shahrokhnia & Ahmadi, 2019) which is applied for a wide range of natural resource
mapping including studies such as, crop yield assessment (Groten, 1993; Panda et al., 2010),
deforestation (Othman et al., 2018), drought assessment (Karnieli et al., 2010), climate
change (Bounoua et al., 2000), phenological variability (Reed et al., 1994) and vegetation
change (Gandhi et al., 2015; Zaitunah et al., 2018). NDVI is an indicator of vegetation
health as the degradation of the vegetation ecosystem or decrease in greenness would reflect
in a decrease in the NDVI value (Meneses-Tovar, 2011). NDVI quantifies vegetation by
measuring the difference between near infrared and red light and is used as an indicator to
describe the relative density and health of vegetation (NRSC, 2014; Drisya et al., 2018). It is
based on the reflectance properties of vegetation in comparison with water, snow and clouds,
rocks and bare soil (Waikhom et al., 2019). Michener and Houhoulis (1997) studied the
detection of vegetation changes associated with extensive flooding in a forested ecosystem
and reported that vegetation changes were more accurately identified by image differencing
of NDVI data.

2.2 Vegetation Dynamics across Elevational Gradients

According to McCain and Grytnes (2010) there are four main trends in elevational species
richness: decreasing richness with increasing elevation, plateaus in richness across low
elevations then decreasing with or without a mid-elevation peak and a unimodal pattern with
a mid-elevational peak. Among various patterns, monotonic decline and hump-shaped
pattern of species richness are most commonly recognized (Rahbek, 2005). Lomolino (2001)
pointed out that many components of climate and local environments vary along the

elevation gradients and ultimately create the variation in species richness. Although altitude
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proved to be the most important variable explaining differences in species distribution across
the transect, it must influence the occurrence of species indirectly through interactions with
temperature, humidity, snow duration, soil, and topography (Holten,1998). Various
anthropogenic disturbances both at the local and broader scales influence the vegetation
composition and structure (Ribichich & Protomastro, 1998). It is thus imperative to
understand the patterns of distribution of plant species and the influencing factors at different
scales (Bai et al., 2004). The structure, function, and ecosystem services of tropical forest
depends on its species richness, diversity, dominance, and the patterns of changes in the

assemblages of tree populations over time (Anitha et al., 2010).

Understanding elevational distribution pattern of species and the factors governing the same
would help to understand biodiversity and aid in conservation (Hunter & Yonzon, 1993). In
recent years biogeographers are carrying out investigations on general pattern and search for

common cause of species richness along the spatial and environmental gradients.

Topographical variables have been used to determine species richness, regional biodiversity
patterns, forest health, species distributions and gradients of exotic species (Bunyan et al.,
2015). Trigas et al., (2013) found that area alone is responsible for the variation in the
species richness; species richness monotonically decreases with increasing elevation, while
endemic species richness has a unimodal response to elevation showing a peak at mid-
elevation intervals. An understanding of succession is required for forest resource
management. The structure and composition of the vegetation not only reflects the nature of
basic trophic structure but also forms habitat for numerous organisms. Therefore,
information on these parameters become quite valuable in a variety of ecological problems
such as an input to Environmental Impact statements, in monitoring the management

practices or as a basis for predicting possible changes (Rawat & Bhainsora,1999).

Altitudinal gradients are ideal for studying several ecological and biogeographical
hypothesis as even a small geographical area can have a large environmental variation
(Korner, 2000). An understanding of the species richness pattern will help in the
management of species diversity in a world that may become warmer due to human impact.
In recent years, studies on altitudinal gradients have become increasingly popular for
investigating the species richness patterns but there is also a lack on studies on altitudinal

gradients that are directly comparable which makes it difficult to assess whether the
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variation are real or due to sampling artefacts (Grytnes, 2003). Lomolino (2001) calls for
studies comparing altitudinal trends between mountain ranges using the same sampling

regimes for all transects and standardized plot sizes within transects.

Taxa richness, number of endemic and threatened species decreased with the increase in
altitude while the indicator species for each zone increased with altitudinal elevation in the
Atlantic deciduous forest (Rezende et al., 2015). Kessler (2000) studied the elevational
gradients in species richness and endemism of selected plant groups in the central Bolivian
Andes and found that endemism was high for terrestrial taxa. Lieberman et al., (1996)
studied the tropical forest structure and composition on a large scale altitudinal gradient in
Costa Rica and found that there was a progressive decrease both above and below this
altitude in species richness, species diversity, number of families and the number of species
per family. Grytnes (2003) studied on the species-richness patterns of vascular plants along
seven altitudinal transect in Norway and concluded that even if a standard sampling regime
with a standard plot size is used, both humped and monotonically decreasing trends of

richness appear.

Studies on species richness patterns in the Himalayas showed a unimodal pattern with
altitude with peak richness in the middle elevations (Oommen & Shanker 2005; Acharya et
al., 2011). A study on the comparative assessment of floristic structure, diversity and
regeneration status of tropical rain forests of Western Ghats of Karnataka showed that
richness and regeneration of tree species was comparatively higher in southern part of
Western Ghats compared to northern part (Sathish et al., 2013). Khan et al., (2013) in their
study on plant species and communities across environmental gradients in the Western
Himalayas found that plant species diversity is optimal at middle altitudes (2800-3400 m) in
contrast to lower altitudes (2400-2800 m) where anthropogenic impact is greater and at
higher altitudes (3400-4100 m) it was affected by shallow soils and high summer grazing
pressure. The study also found that the pattern of plant community in the valley is largely
determined by aspect and slope. Davidar et al., (2005) reported that seasonality and not
annual rainfall was found to be the variable that drives tropical forest tree diversity in the
Western Ghats.

Acharya et al., (2011) studied on the distribution pattern of trees along an elevation gradient

of Eastern Himalaya, India and observed that tree species richness depicted unimodal
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pattern. Joseph et al., (2012) in his study on the southern region of the Western Ghats found
that altitudinal gradient was prevalent in partitioning the major vegetation communities into
sub-communities such as montane shola, evergreen, semi- evergreen, moist deciduous, dry
deciduous and thorny scrub and that rainier areas maintain higher species diversity. Srinivas
and Parthasarathy (2000) in their study on the tropical lowland evergreen forest of Agumbe
of the Central Western Ghats reported a decrease in species richness with increasing altitude
which could possibly be due to the role played by edaphic factors and altitude. Utkarsh et al.,
(1998) studied 7 vegetation types in the Western Ghats and found that evergreen forest type
had the most diverse species assemblages with species extensively shared with other
vegetation types. Studies on floristic composition are fundamental for conservation of
natural areas (Singh et al., 2016), understanding the structure of forest (Gentry, 1988;
Ozcelik, 2009) distribution patterns of species (Giriraj et al., 2009) comparing the
composition of species (Kadavul & Parthsarathy, 1999; Joseph et al., 2012; Naidu & Kumar,
2016); biodiversity conservation (Singh et al., 2002; Baraloto et al., 2013) and guidance in
the management of the Protected Areas (Suratman, 2012).

2.3 Carbon Stock in Forest and Soil

Mountain ecosystems play an important role as being the local source and sink of Carbon
and Nitrogen for global climate change. Forest absorbs 2.6 billion tonnes of CO; every year
which is approximately one-third of the CO, released from burning fossil fuels. Estimates
also show that nearly two billion hectares of degraded land across the world offer
opportunities for restoration (IUCN, 2019). Increasing and maintaining forests is therefore
an essential solution to climate change (Rizvi et al., 2015). Carbon dioxide levels are higher
today than any point in at least the past 800,000 years. The concentration of CO, in the

atmosphere has increased dramatically from 315 ppm in 1958 to 408 ppm in 2018 (Lindsey,
2019).

Forests are therefore important carbon pools which continuously exchange CO, with the
atmosphere, due to both natural processes and human action and are an essential solution to
climate change. Carbon pool is defined as a system which has the capacity to accumulate or
release carbon FAO (2003). IPCC (2006) has recognized five carbon pools viz., Above
ground biomass, Below ground biomass, Deadwood, Litter and Soil organic carbon.
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Forests play an important role in maintaining the carbon balance between terrestrial
ecosystem and the atmosphere. Kyoto Protocol acknowledged forests as carbon sinks that act
as effective channels for offsetting greenhouse gas emissions. Assessing and monitoring the
state of the earth surface is a key requirement for global climate change research. Classifying
and mapping vegetation is an important technical task for managing natural resources as
vegetation provides a base for all living beings and plays an essential role in affecting global
climate change (Xie, 2008). To reduce global warming, an effort must be made to reduce the
atmospheric concentrations of these gases, particularly CO,.

Mountain biological diversity is of high importance for a number of ecological functions.
The integrity of soils is the prime capital for ecosystem services and human needs. Soil
retention and slope stability are closely connected with the extent of above-ground and
below-ground vegetation, both essential to ecosystem resilience after disturbance (CBD,
2003). The carbon present in soil carbon helps in determining the fertility of a study site as it
helps maintain the physical and chemical properties in the form of cation exchange
capability (Reeves, 1997). Studies on biomass of forest vegetation are vital for studies on
carbon cycle and also provide inputs for regional and global carbon and climate models
(Behera et al., 2016). Osuri et al., (2014) evaluated the above ground carbon stocks in
contiguous and fragmented forests of Kodagu and found that fragmented forests store 40 %
less carbon than contiguous forests which can be related to lower tree density, basal area,

lower average height in fragments and compositional shifts with lower wood densities.

Carbon accumulation potential in forests is large and the period of carbon retention is long
and so they are one of the major carbon mitigation sectors (Bhat & Ravindranath, 2011).
Forest in the Sundaland region of Southeast Asia are not only the most diverse in the tropics
but also amongst the most carbon dense (Sullivan et al., 2017). Total carbon stored in Indian
forests is estimated at 9585 x 10° t C of which vegetation and soil accounts for 44% and 56%
respectively (Ravindranath et al., 1997) and in 2017 it was estimated at 7082 x 10° Tc (FSI,
2007). Natural forests pose great potential in reducing the gases as they are undisturbed
ecosystems (Sundarapandian et al., 2013). Carbon storage in terrestrial vegetation is one of
the promising natural phenomena in regard to carbon mitigation strategy (Pragasan, 2016).
Estimation of the accumulated biomass in the forest ecosystem is important for assessing the
productivity and sustainability of the forest (Vashum & Jayakumar, 2012; Salunkhe et al.,

2018). Most tropical forests are now affected by one or the other form of human
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interventions, the density diameter distribution of trees would be an important determinant of

carbon stock in forests (Baishya et al., 2009).

The total estimated carbon stock varied from 3325 to 3161 Mt during the years 2003 to 2007
respectively in the forests of India although there has been a slight increase in the forest
cover and so increasing the forest cover will not help in REDD+ (Reducing Emissions from
Deforestation and Forest Degradation in Developing Countries) implementations unless
deforestation and degradation is reduced (Sheik et al., 2011). Forests forms an important part
of the global carbon cycle and it influences climate change and is influenced by climate
change as well. Thus, improper management or destruction of the forests will have a
significant impact on the course of global warming in the 21% century (FAO, 2011).
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CHAPTER -3
SCOPE AND OBJECTIVES

3.1 Scope of the study

Kodagu district is one of the most densely forested districts in the country. It is also known
for its forest cover, landscape, sacred groves, coffee, spices, oranges and others. It lies in the
Central part of the Western Ghats and has three UNESCO heritage sites located in the
district. However, the past few decades has seen a drastic change in the land use land cover
pattern of the region. The continued increase in the expansion of coffee plantations and other
commercial activities has led to a decrease in the green cover. The private forest covers are
being cleared and converted into coffee estates and it has extended even to the fringes of the
Protected Areas at higher elevations. Along with coffee estates, there has also been a boom
in the tourist sector in the district as a result of which there is a conversion of land into home
stays and resorts. Studies have shown that the forest cover has reduced by 30 % (Garcia et
al., 2007) and coffee plantations occupy 33% of the area of the district (Garcia et al., 2009).
The anthropogenic activities has led to a decrease in the forest cover from 60% to 45 %
which is the minimum required to be preserved in mountain regions according to the
National Forest Policy (Gol, 1988).

A number of studies have been carried out to understand the vegetation in the coffee
plantations and the sacred groves in the recent past; however the vegetation study in the
Protected Areas is limited. Protected areas are important as they are essential for biodiversity
management and conservation. Studies on the vegetation composition of the Protected Areas
will help in the documentation of species and management of forests and prepare species
specific plans for conservation. Hence the present study is aimed to understand the land use
and land cover changes in the Protected Areas and the Reserve Forests of Kodagu in the last
two decades. It is also aimed to understand the vegetation composition of Brahmagiri
Wildlife Sanctuary (BWS) and Pushpagiri Wildlife Sanctuary (PWS) along altitudinal
gradients and assess the carbon sequestration potential of montane forests.
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3.2 Objectives of the study

The present study has been undertaken to study the following objectives.

Objective 1: Assesing two decadal land use and land cover changes using geo-spatial techniques
Objective 2: Assessing vegetation dynamics across Elevation gradients

Objective 3: Assessing carbon stock in vegetation and soil
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Chapter - 4
STUDY AREA

4.1 Physical Features of Kodagu District

Kodagu is a mountainous region located in the Central part of the Western Ghats. It is also
commonly known as “Coorg” (name under British rule) and is the second smallest district in
Karnataka. The name ‘Kodagu’ is derived from the word ‘Kodimalenad’ which means dense
forest land on steep hills. It is also called as the “Scotland of India” which was termed by the
British planter community because of the resemblance in landscape and weather between the
two places. Kodagu covers an area of 4102 Km? and is located in the South Western border
of Karnataka State of India and it is divided into three taluks viz., Somvarpet, Madikeri and
Virajpet. The district lies between 12°15" to 12°45 N and longitude 75°25" to 76°14" E (Fig
1). The altitude of the district ranges from 850 to 1875 m. The average rainfall is 2725 mm
and decreases from West to the East due to hilly terrain. Eighty percent of the rainfall is
received from the southwest monsoon from June to the end of September (GoK, 2010).
Kodagu has the lowest population of 5,54,519 in the State (Census of India, 2011). Kodagu
is bounded by Hassan district in the North, Kerala in the South and Dakhshina Kannada in
the West and Mysore in the East. It is located on the leeward side of the Western Ghats and
is bordered by the Western Ghats to the West and South. Kodagu is also the origin of the
River Cauvery which is one amongst the seven most sacred rivers of the country and also the
lifeline of water supply to millions of people living in the Southern part of India. Kodagu is
known for its coffee, oranges and spices; it is also popular for its scenic beauty and attracts a

large number of tourists.

Kodagu district is a part of the International Model Forest Network since 2003 and is the
first model forest program for India. The diversity of the landscape, biological organisms
and unique management systems has contributed as the first model forest site. As per Forest
Survey of India (FSI, 1995), the net forest area of Kodagu district is 1920 Km? of which
forest cover is 1770 Km?. Of the net forest area, 75% is covered with dense to moderately
dense forest and 15% is covered with open forest. According to India State of Forest Report
(FSI, 2017) Kodagu has lost 189 Km? of forest area since 2015. Although there has been an
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increase in the very dense forest (more than 70% tree cover in a patch of land) which is
attributed to the increase in conservation of forest patches and restoration efforts. However,
moderately dense (40-70% tree cover in a patch of land) and open forests (10-40% tree
cover) has been reduced by over 654 Km? The indiscriminate development, conversion to

coffee plantations and commercialization of property has led to the decrease in tree cover.
4.2 Forest and Biodiversity

Champion and Seth (1968) classified the vegetation of the Western Ghats into four major
types which includes moist tropical forests, dry tropical forests, montane subtropical forests
and montane temperate forests. The International Model Forest Network (IMFN, 2003)
categorized the forest land in Kodagu into three major types which includes reserve forests,
private forests which support a wide variety of vegetation and other forests which include

sacred groves, paisaries, uruduves, jamma malaise and coffee saguvali malaise areas.

The Western Ghats is acknowledged as one of the 36 biodiversity hotspots in the world
(CEPF, 2016), and is also recognised as a World UNESCO heritage site (UNESCO, 2012).
The many diverse kind of vegetation found in the district makes Kodagu one of the micro
hotspots of diversity within the larger hotspots of the Western Ghats. It is home to 8 % of
India’s and 35% of Karnataka’s plant resources (Murthy & Yoganarasimhan, 1990). Natural
vegetation in these areas spread across several floristic types ranging from wet evergreen

forests to dry woodlands and thickets (Pascal, 1988).

Kodagu could be regarded as the hotspot of sacred grove tradition in the world (Kushalappa
& Bhagwat, 2001) also referred to as “Devarakaadus” locally (Ambinakudige & Sathish,
2009). Sacred groves are community managed informal conservation sites as the indigenous
communities of the district are nature and ancestral worshipers. A survey carried out by the
state forest department estimated the presence of 1214 sacred groves covering an area of
2500 ha which is about 2% of the total geographical area of Kodagu. The Kodagu Forest
Model has been an active catalyst of the sacred groves revival program with the involvement
of the local stakeholders attached to these temple forests (Kushalappa & Raghavendra,
2012).
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4.3 Protected areas of Kodagu District

Kodagu has three Wildlife Sanctuaries and a National Park viz., Pushpagiri Wildlife
Sanctuary, Brahmagiri Wildlife Sanctuary, Talacauvery Wildlife Sanctuary and Rajiv
Gandhi National park which is shared with Mysore. All these three Protected Areas were
declared as UNESCO sites for conservation (UNESCO, 2012). The vegetation study was
carried out in Brahmagiri and Pushpagiri Wildlife Sanctuary. The LULC study included the
three wildlife sanctuaries and the adjoining Reserve Forests which acts as corridors for the

mammals.
Talacauvery Wildlife Sanctuary

Talacauvery Wildlife Sanctuary is located in Kodagu district between 12°18' to 12°27' N
latitude and 75°26' to 75°35' E longitude. The Sanctuary is named after the birth place of
river Cauvery that originates inside the Sanctuary. The Sanctuary was carved out of
Padinalknad and Pattighat Reserve Forests and was declared as Sanctuary on 31% August
1987 but the final notification was issued on 13" June 1994. The major forest types found in
the Sanctuary are Southern Tropical Wet Evergreen Forests, Southern Tropical Semi
Evergreen Forests, Southern Hilltop Tropical Evergreen Forests (Sholas) and The South
Indian Subtropical Hill Savanna (Grasslands). It is also recognized as one of the most
important areas for bird, as 13 out of the 16 endemic birds present in the Western Ghats are
found in the Sanctuary (GoK, 2008). The Eco-Sensitive Zone (ESZ) covers an area of
213.07 Km?varying from 1 to 16 km around the boundary of the Sanctuary (Gol, 2017a).

Brahmagiri Wildlife Sanctuary

BWS was carved out of two reserve forests namely Brahmagiri Ghat and Urti Reserve Forest
and was notified as a Sanctuary in the year 1974. BWS is connected to Talacauvery Wildlife
Sanctuary by Kerti Reserve Forest (7904 ha) and Padinalknad Reserve Forest (18.476 ha). It
lies between 11°55" 12° 19°N and 75%4" 76°04°E with a total area of 181.29 Km? (Fig 2).
The ESZ of the Sanctuary covers an area of 136.60 Km? and extends from 1 to 15 Km
around the boundary of the Sanctuary (Gol, 2017b). The Sanctuary also acts as an important
corridor for elephants to move between Rajiv Gandhi National park and Talacauvery
Wildlife Sanctuary in Karnataka and Wayanad and Aralam Sanctuaries in Kerala.
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The Sanctuary has a rich diversity of flora and fauna ranging from small insects and rodents
to mammoth elephants and birds from tailor bird to the endemic Malabar hornbill. The
Sanctuary has an undulating terrain and the altitude varies from 65 to 1507 MSL. The
highest peak of the Sanctuary is the Narimale peak at an altitude of 1507 m. The mean
rainfall in the Sanctuary ranges from 2500 to 6000 mm. The rivers Laxmanthirtha and
Ramthirtha which originates from the Sanctuary form tributaries of the river Cauvery and
river Borapole bifurcates Urty Reserve Forest and Brahmagiri Reserve Forest. The main
forest types found in the Sanctuary according to Champion and Seth (1968) includes tropical
Wet evergreen forests: Calophyllum apetalum, Semi Evergreen forests: Diospyros ebenum,
Holigarna arnottiana, Moist deciduous forests: Syzigium gardneri, Lagerstroemia
lanceolata, Shola forests: Calophyllum inophylum and Grasslands (GoK, 2010).

Brahmagiri Wildlife Sanctuary (BWS) is divided into two wildlife ranges viz., Srimangala
wildlife range and Makutta wildlife range. Srimangala wildlife range covers an area of 129.4
Km? at 11°55 to 12° 19" N and 75° 44" to 76° 04°E. The area has an average rainfall of 4000
to 7000 mm with temperature ranging from 10° to 34°C. The types of forest present are
Tropical evergreen forests, Tropical semi evergreen forests, Sholas and Grasslands. The soil
profile consists of deep loamy soil with varying depth from place to place and also lateritic
or lateritic bright red or yellow in colour in some patches. Makutta wildlife range is located
between Wayanad district of Kerala on the south and Karnataka district on the north side
ranging from 11°55" to 12°19°N and 75°44" to 76°04 E. The area has an average rainfall of
3000 to 5000 mm. It covers an area of 55 Km? and comprises of evergreen forests with

grassy patches and sholas at higher elevations (Fig 3).
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Fig 2. Brahmagiri Wildlife Sanctuary in Kodagu district, Karnataka.

Fig 3. Shola forests (a) and Grassland ecosystem (b) in BWS of Kodagu district,
Karnataka.
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Pushpagiri Wildlife Sanctuary

Pushpagiri Wildlife Sanctuary was carved out from Kadamakal Reserve Forests and was
declared a Sanctuary on 31st August 1987 and the final notification was issued on 13th June
1994. It is named after the birth place of the river Lingadahole that originates from
Pushpagiri peak and has been a place of great cultural and religious significance. It covers an
area of 102 Km? and is located between 12°25" to 12° 40" N and 75° 39" to 75° 45°E (Fig 4).
The mean annual rainfall ranges from 6000 to 7000 mm with temperature ranging from 10°
to 34°C. Pushpagiri hill at 1712 m is the highest peak of this Sanctuary. The soil is deep
loamy with varying depth and some patches of the soil with lateritic or lateritic bright red or
yellow in colour. The climate of the Sanctuary is characterized by long rainy season with
very heavy torrential rainfall and strong winds. The ESZ of the Sanctuary covers an area of
199.37 Km? varying from 1 to 10 Km around the boundary of the Sanctuary (Gol, 2017c).
The Sanctuary has a diverse flora and fauna with many large mammals such as Elephant,
Tiger, Leopard, Indian Giant squirrel, Lion tailed Macaque and birds like the endemic
Malabar hornbills and other birds like the Grey breasted laughing thrush, Black and Orange
flycatcher and Nilgiri flycatcher (GoK, 2008).

The floristic composition of the Pushpagiri Sanctuary as per Champion and Seth (1968)
comprises of Southern tropical Wet Evergreen forest, Southern tropical semi-evergreen
forest, Southern hill top tropical evergreen forests (Sholas) and South Indian subtropical hill
savanna (Grasslands) (Fig 5). As per the classification by Pascal (1988), the following types
of tree species are found in the forests and include Plains and low altitude forest type having
Dipterocarpus indicus, Kingiodendron pinnatum, Humboldtia brunonis, medium altitude
forest types having Mesua ferrea, Palaquium ellipticum and high altitude types having
Schefflera wallichiana, Meliosma arnottiana, Gordonia obtusa.
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Fig 4. Pushpagiri Wildlife Sanctuary in Kodagu district, Karnataka.

Fig 5. Landscape elements in PWS of Kodagu district, Karnataka.
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Chapter - 5
MATERIALS AND METHODS

5.1 Land use Land cover and NDVI

Toposheets for the district of Kodagu were procured from Survey of India (SOI). The
toposheets of 1: 50,000 scale were then scanned and georeferenced. Satellite data for 1995,
2005 and 2015 (Landsat TM, IRS P6 LISS HI/1V) were procured from Karnataka State
Remote Sensing and Application Centre (KSRSAC) Bangalore. Ground truthing was carried
out in the selected areas from 2016 to 2018. ERDAS (Version 9.1) and ARC GIS (Version
10.3) were used in the present study. The various land use land cover categories were
identified on the basis of standard image interpretation keys such as tone, texture, shape and
size (Tomar & Singh, 2012). The steps followed for the geospatial analysis is given in Fig 6.

@I ‘ Download satellite data ‘

Y

‘ Geo-referencing

v
‘ ‘ Image processing

\J y

‘ Study area extraction ‘

Y l
Satellite data Satellite data Satellite data
1995 2005 2015

l |
v
\E—# Image classification ‘
y
| LuLCmaps |

Y

LU/LC change

Fig 6. Land Use Land Cover mapping methodology.
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NDVI

Vegetation mapping was carried out using the Normalized Difference Vegetation Index
(NDVI) for two decades.

NDVI was calculated using the formula

NIR — R
NIR + R

where, NIR = Near Infrared light, R= Red light

The NDVI value ranges between +1 and -1. Higher NDVI values imply more vegetation
coverage, lower values less or non-vegetated coverage and zero indicates rock or bare land
(Jin et al., 2008; Saravanan et al., 2019).

5.2 Vegetation Assessment

A proposal was prepared and submitted to the Forest Department to obtain permission to
carry out field work in Protected Areas of Kodagu. The permission was granted from May
2015 - May 2016 and May 2017 - May 2019. Preliminary field works were carried out in
Brahmagiri Wildlife Sanctuary in February 2016 and Pushpagiri Wildlife Sanctuary in
November 2017. The progress of the work was presented before the Research Advisory
Committee in 2017 at the State Forest Department and on satisfactory work extended the
permission for another two years. The study was carried between 2015-2018 with 5 visits to

Brahmagiri Wildlife Sanctuary and 5 visits to Pushpagiri Wildlife Sanctuary.
Sampling Design

The vegetation composition was assessed using quadrat method following the approach of
Misra (1968). The sampling sites in BWS were considered from 100 to 1500 m and in PWS
it was considered from 200 to 1700 m. Since the study area was carried out along an
altitudinal gradient, quadrats were laid at every 100 m interval as we walked towards the
highest elevation point of the Sanctuary. At each elevation, three quadrats of 20 x 20 m plot
were laid at 20 m distance from each other using a nylon rope which was already measured
to 20 m and tied with a red colour thread for better visualization (Fig 7). Depending on the
availability of suitable plots and accessibility in the hilly terrain, the plots were laid
accordingly. However in the highest elevation of 1500 m at BWS, only one plot could be
laid in the Shola forest as the other Shola patches were not accessible. Therefore, the data

from one quadrat sampled at 1500 m was replicated twice for uniformity in the analysis. A
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total of 93 quadrats were laid in BWS and PWS covering a total area of 3.72 ha out of which
45 quadrats were laid in BWS and 48 quadrats were laid at PWS. In each quadrat, all the
trees > 30 cm Girth at Breast Height (GBH) and 1.3 m above the ground were measured
with the help of a measuring tape (Fig 8). Latitude and longitude were noted using GPS in
each quadrat (Table 1). The height of the tress was estimated visually. For buttressed trees,
the measurement of the girth was taken above the buttresses. For trees with multiple stems,
the basal area was calculated separately and summed and for trees with multiple stems and
connected near the ground, they were counted as a single individual (Ayyapan &
Parthasarathy, 1999).

The species were identified with the help of field monographs and local floras (Pascal
&Ramesh, 1987; Murthy & Yoganarasimhan, 1990; Neginhal, 2011). For some of the
species which could not be identified in the field, photographs were taken and samples were
brought and consulted with experts and specimens were cross checked with the herbarium at
ATREE (Ashoka Trust for Research in Ecology and the Environment) and GKVK (Gandhi
Krishi Vignana Kendra). Tree endemism was recorded by referring published literature for
Western Ghats (Ramesh & Pascal, 1997).
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Fig 7. Sampling design for Vegetation assessment across Elevations.
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Table 1 : Latitude and Longitude of sampling locations in BWS and PWS of Kodagu

district
BWS PWS
Elevation
SI.No (m) Latitude Longitude Latitude Longitude

1 100 N 12° 08'68.17" E 75°75'45.33" - -

2 200 N 12°08'67.67" E 75°76'06.67" N 12°37'71.4" E 75° 38.852"
3 300 N 12°08'81.00" E 75°76'27.83" N 12°37'69.1" E 75°39.172"
4 400 N 12°09'02.00" E 75°76'82.84" N 12°37'67.7" E 75° 39.414"
5 500 N 12°10'74.33" E75°77'99.50" N 12°37'67.5" E 75° 39.577"
6 600 N 12°11'91.50" E 75°79'38.67" N 12°37'55.9" E 75° 39.665"
7 700 N 12°12'53.83" E 75°78'79.33" N 12°37'43.4" E 75°40.374"
8 800 N 12°13'30.33" E 75°80'11.17" N 12°37'55.7” E 75°40. 575"
9 900 N 11°58'31.1" E 75°58'98.7" N 12°37'68.2" E 75° 40.809"
10 1000 N 11°58'13.3" E 75°58' 87" N 12°39'80.0" E 75°42.279"
11 1100 N 11°57'92.5" E 75°58'81.5" N 12°39'56.9" E 75°42.220"
12 1200 N 11°57'81.2" E 75°58'45" N 12°40'17.1" E 75° 41.492"
13 1300 N 11°57'65.2" E 75° 58'13.7" N 12°40' 25.6" E 75° 41.149"
14 1400 N 11°57'41.1" E 75°57'99.9" N 12°40'09.2" E 75°41.126"
15 1500 N 11°55'98.2" E 75° 59'56.9" N 12°40' 02.6" E 75° 40.868"
16 1600 - - N 12°39'92.9" E 75° 40.947"
17 1700 - - N 12°39'70.9" E 75°41. 204"

Fig 8. Field inventory of trees in Protected Areas of Kodagu District, Karnataka.
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Phytosociological Analysis

The data collected from the quadrats were pooled and analyzed to understand the variation in
the vegetation dynamics along an elevational gradient for both the Sanctuaries. The
vegetation data were analyzed quantitatively and tabulated for Density, Frequency and
Abundance following the methods by Curtis and Mclintosh (1950).

Total number of individuals of a species

Densit =
enstty Total number of quadrats studied

Total number of quadrats in which the species occured

. _ 100
requency Total number of quadrats studied *

Total number of individuals of a species

Abundance =
4 Total number of quadrats in which the species occured

Basal area was calculated using the formula

(GBH)?
am

Basal area =

where, GBH = Girth at breast height
Importance Value Index (1VI1)

It was calculated using the sum of Relative density, Relative frequency, Relative dominance.
IVI was developed to express the dominance and ecological success of any species with a

single value (Misra, 1968).

Number of individuals of a species

x 100

Relative density (%) =
y (%) Number of individuals of all species

Frequency of a species

x 100

Relative frequency (%) =
g y (%) Frequency of all species

Total Basal area of a species

Relative Dominance (%) = x 100

Total Basal area of all species

IVI = Relative frequency (%) + Relative density (%) + Relative dominance (%)
Family Importance Value Index (FIV)

It was calculated following Mori et al., (1983). It gives a measure of the dominance of a

family in a given forest community.

FIV = Relative diversity (%) + Relative density (%) + Relative dominance (%)
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Number of species in a famil
Relative diversity (%) = £ : Y x100
Total number of species

Shannon-Wiener Diversity Index (H")

It was calculated using the formula by Shannon (1948)

H™ =-3(P)[log (P1)]

where, Pi = n
N
(ni= number of individuals of a species, N = total number of individuals of all species)
Simpson Index of Diversity (D)
It was calculated as per Simpson (1949).
D=1-X Pi?
where, Pi = n
N
(ni= number of individuals of a species, N = total number of individuals of all species)
Pielou’s Evenness Index (E)

The evenness was calculated according to Pielou (1975).

H
E=

~Ins
where, H™ = Shannon wiener index, S = No of species present

Abundance to frequency (A/F) ratio

The A/F for different species was determined by following Whitford (1949). The ratio
indicates regular (< 0.025), random (>0.025-0.05), and contagious (> 0.05) distribution
pattern.

Sorenson Index of Similarity

It was carried out as per Sorenson (1948).

2
Soresnson Index of Similarity = AT B X100

where, C = number of species common to the two sites
A = total number of species in site A
B = total number of species in site B
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Regeneration Assessment

To study the regeneration, five 1 x 1 m sub-quadrat were laid at the four corners and one at
the center of the 20 x 20 m quadrat (Fig 9). All the individuals <10cm GBH were considered
as seedlings and the individuals =10 cm and <30 cm GBH were considered as saplings. The
GBH was measured at the collar of the individuals with the help of a Vernier caliper (Fig
10). A total of 450 sub-quadrats were laid in both the sanctuaries with 210 laid out in BWS
and 240 in PWS respectively.

im 20 m

1m 20 m

20m

20 m

Fig 9. Sampling design for Regeneration assessment.

Fig 10. Inventory of Regeneration in two Protected Areas of Kodagu, Karnataka.

The regeneration of trees was grouped into four regeneration classes (Karthik & Viswanath,
2012; Sathish et al., 2013; Hedge et al., 2015): Class I: Individuals below 40 cm height,
Class IlI: Individuals between 40 -100 cm height, Class Il1: Individuals more than 100 cm in
height and less than 10 cm GBH and Class 1V: Individuals more than 10 cm GBH and less
than 30cm GBH.
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5.3 Soil sampling and Analysis

A total of 31 soil samples were collected from the forests of BWS and PWS. At each
elevational site, soil samples were collected from each of three quadrats. In each quadrat,
soil samples were collected at a depth of 0-30 cm from the four corners and one at the centre
of the quadrat. The soils collected from the three quadrats in each elevation were then mixed
to get a composite sample. The soils were then brought to the laboratory which was sieved
(passed through 2 mm sieve), air dried and kept in tight plastic bags for analysis. The bulk
density of the soils was calculated based on published data’s reported in the Western Ghats
(Reddy et al., 2012; Ramachandra et al., 2012a).

The physical and chemical parameters of the soil were analysed following the manual of soil
testing methods in India (Gol, 2011). Chemical soil analysis of the soil samples were carried
out at the laboratory following standard procedures. The soil samples were analysed for pH
which gives a measure of the acidity, neutrality or the alkalinity of a soil. Soil pH was
measured with the help of a digital pH meter. The soil was oven dried and the moisture
content in the soil was determined by gravimetric method. Total Nitrogen (N) content was
analysed following Kjeldahl method. Phosphorus (P) was analysed following Olsen’s
method (Olsen, 1954) for alkaline soils and Potassium (K) was analysed following Flame
photometric method (Toth & Prince, 1949). The carbon content in the soil was estimated
using Walkey and Black method (1934).

5.4 Biomass and Carbon Estimation

Above Ground Biomass (AGB)

Carbon stored by individual trees was estimated using a general allometric equation for
tropical forests trees given by Chave et al., (2005). The carbon stored per elevation was
calculated by summing up the carbon stored by all the trees within each sampled quadrat and
expressed per-hectare. The wood density values for biomass calculation was obtained from
published literatures in the Western Ghats (Osuri et al., 2014), (Udayakumar et al., 2016),
global wood database (Zanne et al., 2009), FAO database (Brown, 1997), tropical trees
database (Reyes et al., 1992) and World forestry Centre online database. For the species
whose wood density values were not available, family-level data mean values was used
(Baker et al., 2004).
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Biomass
Biomass (Kg) = exp (-2.2997 + In (WD x (DBH)? x H)
where, DBH = Diameter at Breast Height (cm), H = tree height (m).

Below Ground Biomass (BGB)

BGB was calculated following the method given by Cairns et al., (1997).
BGB = exp (-1.0587 + 0.8836 x INAGB)

where, AGB = Above Ground Biomass

Carbon Storage

It is the estimation of CO, removed from the atmosphere and stored in the trees. The carbon

stored was calculated as 50 percent of the biomass.
Carbon storage (C) =0.5 X B

Carbon Sequestration

Carbon sequestration was calculated by multiplying the total carbon value with 3.67 since 1

Kg of carbon is equivalent to approximately 3.67 kg of CO, (Pearson et al., 2007)
Total Carbon (TC) = AGB + BGB
Carbon sequestered = TC x 3.67

where, AGB = Above Ground Biomass , BGB = Below Ground Biomass
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Chapter - 6
RESULTS AND DISCUSSION

6.1 Spatio-temporal Analysis

Land use Land cover (LULC) study was carried out in Kodagu district which included three
Wildlife Sanctuaries and adjoining Reserve Forests covering an area of 98242 ha. The study
was carried over a period of two decades and was analysed using geospatial techniques with
level 1 and 2 classification for the LULC categories. The chosen study area represent
wildlife corridor which connects Rajiv Gandhi National Park and Nilgiri Biosphere in the

south to Kudremukh National park in the North.

LULC maps were prepared with level 1 classification with eight classes for the year 1995
and 16 classes with level 2 classification for the years 2005 and 2015. The analysis of the
LULC showed that more than 85 % of the land was under forest cover in all the three years
studied although there has been a decrease in the forest cover over the years. The area under
forest cover was highest in 1995 with 88.52 %, 86.21 % in 2005 and 85.91 % in 2015 (Table
2). The rural built up area did not show any changes across the two decades with 37 ha in
each of the years studied. However there has been a drastic increase in the areas having
habitat with vegetation especially for the year 2015. There has also been a gradual increase
in the expansion in the agricultural land from 1537 ha in 1995 to 1637 in 2005 and 1763 in
2015. The barren lands decreased from 197 ha in 1995 to 126 ha 2005 and increases to 190
ha in 2015.

LULC study revealed that forest land decreased by 2.31% i.e., 2273 ha of the total land area
between 1995-2005 (Table 3). There was also a decrease in wasteland of about 71 ha which
accounted for 0.07 % decrease in the total area. The decrease in the land area was accounted
for with an increase in agricultural land, tree groves and habitat with vegetation. There were
no significant change in the built up areas, grasslands and the water bodies. The LULC of
1995, 2005 and 2015 is given in Fig 11, Fig 12 and Fig 13.
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Table 2: LULC of Protected Areas in Kodagu District, Karnataka

SI.No LULC categories Area (ha & %)

1995 % 2005 % 2015 %
1 Agricultural land 1537 156 1637 1.67 1763 1.79
2 Rural built-up 37 0.04 37 0.04 37 0.04
3 Forest Land 86965 88.52 84692 86.21 84837 86.36
4 Grassland/Grazing land 6489 6.61 6489 6.61 6326 6.44
5 Barren Rocky/Wastelands 197 0.20 126 0.13 190 0.19
6 Water Bodies 682 0.69 682 0.69 679 0.69
7 Habitation with Vegetation 2335 238 2352 239 3553 3.62
8 Others - - 2143 218 857 0.87

Table 3: Decadal LULC change from 1995-2005 in the Protected Areas in Kodagu

district, Karnataka

Area (ha)
SLNo  LULC categories Difference %
1995 2005

1 Agricultural land 1537 1637 100 0.1
2 Built up 37 37 0 0
3 Forest Land 86965 84692 -2273 -2.31
4 Grassland/Grazing land 6489 6489 0 0
5 Barren Rocky/Wastelands 197 126 -71 -0.07
6 Water Bodies 682 682 0 0
7 Habitation with Vegetation 2335 2352 17 0.02
8 Others 0 2227 2227 2.27
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The decrease in land area between 2005-2015 was found to be highest for tree groves with
1.39 % i.e., 1362 ha of the total area (Table 4). Land with scrub, grassland and mixed

vegetation forest also showed a decrease in the land area whereas areas having habitat with

vegetation showed an increase of 1.22 % i.e., 1201 ha. There was also an increase of 126 ha

in the agricultural land which consists of agricultural plantation and crop land. There was no

change in the moist and dry deciduous forest and rural built up areas.

Table 4. Decadal LULC from 2005-2015 in the Protected Areas in Kodagu district, Karnataka.

SI.No LULC categories Area (ha)
2005 2015  Difference %
1 Agricultural Plantation 1474 1579 105  0.107
2 Barren Rocky / Stony Waste 126 190 64 0.065
3 Crop land 163 184 21 0021
4 Degraded Forest 392 431 39 0.040
5  Evergreen /Semi evergreen Forest 79177 79252 75  0.076
6  Forest Plantations 3637 3686 49 0.050
7 Grass land / Grazing land 6489 6326 -163 -0.166
8  Habitation with Vegetation 2352 3553 1201 1.222
9  Lake/Tanks 1 0 -1 -0.001
10 Land with scrub 84 76 -8 -0.008
11 Mixed Vegetation 1113 1097 -16  -0.016
12 Moist & Dry Deciduous Forest 10 10 0  0.000
13 River/ Stream 681 679 -2 -0.002
14 Rural Built-up 37 37 0  0.000
15 Scrub Forest 363 361 -2 -0.002
16 Tree Groves 2143 781 -1362 -1.386
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The decrease in forest cover shows that there have been disturbances in the forest land. The
decrease can be due to plantation of fast growing trees in the coffee plantations for timber
and also growing spices like pepper which uses the stem of the trees for support. The
plantation of native tree species for canopy cover in the coffee plantation have also reduced
due to the shift from Coffea arabica to Coffea robusta due to better management of the
species (Raghuramulu, 2006). Studies have shown a decrease in the forest cover in the
species rich wet-evergreen forests which has been lost due to the intensification of coffee
plantations as a result of which landscape fragmentation, habitat loss and biodiversity
depletion are continuing (Garcia et al., 2007). There was no increase in the rural built up
areas in the past two decades, however there has been an increase in habitat with vegetation
which can be due to the conversion of the private forests lands in the fringes of the Protected
Areas into coffee estates and homestays. The major cause of encroachment in the district is
the expansion of agricultural activity (Kumar et al., 2013). The overall LULCC in the
Protected Areas and the adjoining forests shows an increase in the habitation around the
Protected Areas and also an increase in agricultural plantations. These Protected Areas are
important for flora and fauna to grow and live in their natural habitat and are important for

biological conservation.

NDVI

NDVI was carried out to study the changes in the vegetation cover over a two decadal
period. Landsat TM images with a spectral resolution of 30 m were used. Topographical
maps of 1:50000 were used for geometric correction. The NDVI classification was done for
three different years viz., 1995, 2005 and 2015 using satellite images downloaded from
USGS (United States Geological Survey). The NDVI value in 1995 ranged from 0.14 to 0.65
(Fig 14), 0.35t0 0.7 in 2005 (Fig 15) and 0.23 to 0.60 in 2015 (Fig 16) respectively. The red
pixels indicate a decrease in the vegetative reflectance and the green pixels indicate an
increase in the vegetative reflectance. The higher values (>0.6) indicates dense vegetation.
The results from the NDVI analysis shows that there has been a decrease in the forest cover

in the last two decades (Fig.17).
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The study demonstrated changes in the LULC for three different years, 1995, 2005 and
2015. The image classification and NDVI analysis indicated that the vegetation cover
decreased over two decades with the vegetation cover in 1995 being higher compared to
2005 which in turn is higher than 2015. One of the reasons for the decrease in the vegetation
can be attributed to the expansion of coffee plantations and habitation to forest areas
(Kumar et al., 2013; Ambinakudige & Satish, 2009). Kodagu district is known for coffee
plantations, cardamom, pepper, oranges as the nature of the soil and the climate suitable for
cultivation. Coffee has been the main agricultural crop and source of export for earnings for
the last 100 years. However the past decade has seen the use of chemical fertilizers and
pesticides, decrease of tree cover and the development of irrigation which has let to
environmental degradation such as biodiversity loss, increased human elephant conflict and
soil erosion (Aubert et al., 2012).There has been an increase in the commercialization of
property for setting up homestays, resorts and eco-tourism areas. The forests of the region
have also been affected by flooding and landslides in last couple of years and altered the

landscape of Kodagu.
6.2 Vegetation Characteristics across two Landscapes

A total of 2758 individuals were recorded in both BWS and PWS of which 1708 individuals
belonging to 132 tree species, 95 genera and 46 families were recorded for vegetation study
and 1050 individuals belonging to 55 species, and 31 families were recorded for

regeneration study.

Vegetation across Elevational Ranges

To understand the distribution of species in different Elevational ranges, the Elevational
Gradients of the study area were divided into three ranges viz., Low (100-500m), Mid (600-
1000m) and High elevation (1100-1700m) range. The low elevation range for BWS was
considered from 100 m and 200 m for PWS. The high elevation range for BWS was up to
1500 m and in PWS, it was till 1700 m. Among the three elevation ranges, the number of
species was found to be highest in mid elevation range in BWS and high elevation range in
PWS (Table 5). In BWS, Vepris bilocularis was dominant in the low elevation range, Olea
dioica in the mid elevation range and Ligustrum perrottetii in the high elevation range. The
dominant species in the low elevation was Knema attenuata, Vateria indica in mid and

Litsea mysorensis in the high elevation range in PWS.
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Table 5: Overall Vegetation Characteristics across Elevation Ranges of BWS and PWS of
Kodagu district, Karnataka

Elevation classes

SILNo Characteristics Low Mid High
BWS PWS BWS PWS BWS PWS
1. No. of species 49 35 61 54 36 55
2. No. of families 28 26 29 23 25 26
3. Stand density (m?/ha) 617 423 520 457 337 413
4.  Basal area (m?/ha) 47.61 15.98 28.42 2344 17.63 33.37
5. No. of endemic species 25 16 26 25 11 27
6.  No. of families (Endemic) 16 12 15 16 9 14
7. Stand density (m#ha) (Endemic) 390 175 195 257 132 226
8.  Basal area (m#ha) (Endemic) 26.28 6.37 8.18 1040 7.89 2171

Common Species

A total of 47 species which accounted to 26.25% of the overall species recorded was found
to be common between the two landscapes. Species such as Olea dioica and Dimocarpus
longan was found to be common between the two landscapes (Fig 18). The number of
common families was 46 which comprised of 48.42% of the total number of families
recorded. In BWS, the most common species across the elevations is Olea dioica which was
recorded in 9 elevational gradients followed by Cinnamomum riparium, Dimocarpus
longan, Garcinia gummi-guttta, Myristica malabarica and Vepris bilocularis which was
found to be common in 7 of the 15 elevational gradients. This indicates that these species
adaptability range is very high compared to other species in the region. Out of the 16
elevational gradients in PWS, Holigarna arnottiana and Persea macrantha were found to
be common in 10 elevational gradients and Dimocarpus longan and Myristica malabarica
was found to be common in 9 of the elevational gradients. None of the species occurred
across the elevational gradients in both the sanctuaries indicating that altitude plays a key

factor in species distribution.
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Fig 18. Density of top 15 species in BWS and PWS of Kodagu district,
Karnataka.

Species Composition and Species Area Curve

In BWS, a total of 884 individuals belonging to 94 tree species, 83 genera and 39 families
respectively were recorded from 100 m to 1500 m with 39 tree species endemic to the
Western Ghats (Appendix 1). In PWS, 824 individual belonging to 85 species, 64 genera
and 37 families respectively were recorded from 200 m to 1700 m with 36 species endemic
to the Western Ghats (Appendix 2). Species richness varied along the elevational gradients
and ranged from 3 to 27 species in BWS and 8 to 22 species in PWS respectively. The
maximum species richness occurred at 400 m with 27 species in BWS and 22 species each
at 700 m and 1000m in PWS. The minimum species richness occurred at 1500 m with 3
species in BWS and at 1700 m with 8 species in PWS respectively. The relation between
species richness and elevation showed a negative correlation both in BWS and PWS with a

decrease in species richness with elevation (Fig 19).

The number of species recorded from the two landscapes in the present study is comparable
with the number of species recorded in other areas of the Western Ghats (Ganesh et al.,
1996; Kadavul & Parthasarathy, 1999; Parthasarathy, 2001). The decrease in tree diversity
with increased altitude is a general trend found in tropical forests (Vazquez & Givnish,
1998; Srinivas & Parthasarathy, 2000; Rana & Gairola, 2009). The distribution pattern of
the species varied along the elevational gradients with a peak in the middle elevations, it is

comparable with studies from the Eastern Himalaya (Manish et al., 2017) and Western
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Himalaya (Oommen & Shanker, 2005). The variation in species richness pattern of trees
can be due to a variety of factors such as altitude, climate (Ganesh et al., 1996; Sharma et
al., 2009; Bunyan et al., 2015), age structure of forest types, level of anthropogenic pressure
(Parthasarathy 2001; Dar & Sundarapandin, 2016), slope (Eilu & Obua, 2005), disturbance

gradients and vegetation characteristics (Kunwar & Sharma, 2004).

The forests were characterized by multi-storeyed trees, lianas and shrubs which exhibited
very diverse vegetation. The grassland areas of BWS were colonized by Ageratina
adenophora and the higher elevations in PWS was colonized by Strobilanthes kunthiana in
PWS (Fig 20).

The species area curve for both the sanctuaries showed an increase in the number of species
as area increased. In BWS, species area curve started to reach an asymptote only at 1500 m.
In PWS, the curve did not reach an asymptote even at the highest elevational site i.e., 1700

m (Fig 21) indicating that the area studied was not sufficient to sample all the species in the

Sanctuary.
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Fig 20: Ageratina adenophora in the Grasslands of BWS (a & b) Strobilanthes kunthiana
in the higher elevations of PWS (c & d) Kodagu district, Karnataka.
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Fig 21. Species area curve of BWS and PWS in Kodagu district,
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Stand Density and Basal Area

The overall stand density of the trees in BWS and PWS ranged from 192 to 850 trees/ha
along the elevational gradients. In BWS, the stand density ranged from 192 to 850 trees/ha
along the elevational gradients with a mean stand density of 491 trees/ha. The maximum
stand density was recorded at 600 m with 850 trees/ha followed by 300 m with 725 trees/ha
and the lowest stand density was found at 1300 m with 192 trees/ha whereas in PWS, the
stand density in the sites varied from 250 to 667 trees/ha with a mean stand density of 429.
The stand density was highest at 1200 m with 667 trees/ha followed by 567 trees/ha at 1300
m and 550 trees/ha at 600 m and the lowest stand density was at 1700 m with 250 trees/ha
respectively (Fig 22). The stand density was higher in BWS than in PWS as there was more
number of individuals recorded in BWS although PWS had more number of elevational

gradients for study.

The mean tree density was estimated at 491+51.92 trees/ha in BWS and 429+27.68 trees/ha
in PWS which is higher than the evergreen and semi-evergreen forest of the Western Ghats
(Utkarsh et al., 1998), but lower than the undisturbed forests of tropical wet evergreen
forest of Western Ghats (Chandrashekara & Ramakrishnan, 1994; Parthasarathy, 1999),
Semi-evergreen forest of the Eastern Ghats (Kadavul & Parthasarathy, 1999) and the
Eastern Himalaya (Acharya et al., 2011).

The total basal area ranged between 5.83 to 113.18 m?/ha in the elevational gradients of the
Wildlife Sanctuaries. The basal area was found to be higher in BWS along the elevational
gradients and it ranged from 11.18 m%ha to 113.18 m%*ha with a mean basal area of
51.40+7.91 m?/ha. The basal area was highest at 500 m with 113.18 m?ha and 1500 m with
11.18 m%ha had the lowest basal area. Hopea parviflora contributed the highest basal area
with 8.55 m%ha followed by Lophopetalum wightianum with 5.57 m?ha (Fig 23a) and
Bridelia retusa with 0.007 m?ha had the lowest basal area. The basal area in PWS ranged
between 5.83 and 110 m%/ha and had a mean basal area of 38.12 m?/ha. The basal area was
highest at 1200 m with 110 m%ha, it can be attributed to the presence of the species
Palaquium ellipticum at 1200 m with a large girth size of 5.8 m. Palagium ellipticum was
predominant in this elevation with 20 individuals and contributed to 10.93 m%ha of the
basal area followed by Ficus nervosa with 5.43 m%ha (Fig 23b). Cinnamomum sulphuratum
contributed to 0.007 m%ha out of the total 21.91 m?/ha at 400 m in the lowest basal area.
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The basal area in BWS showed a negative correlation with elevation however there was no

relation between basal area with elevation in PWS (Fig 24).

Pascal (1988) reported that of all the evergreen forests types in India, the southern wet
evergreen forest of medium elevation dominated by Palaquium ellipticum was best
conserved as it was located in regions not easily accessible. The mean basal area of 52+7.92
m?/ha in BWS and 38+7.31 m?ha in PWS is comparable with studies done in the evergreen
and semi-evergreen forests of the Western Ghats (Joseph et al., 2012), Eastern Ghats
(Reddy & Ugle, 2008) and the Western Himalayas (Gairola et al., 2011). It is higher
compared to Dawkins (1959) where the average basal area for tropical lowland evergreen
forest was estimated at 36 m“/ha. The decrease in basal area with elevation can be due to
decrease in girth size and height of trees with elevation, change in climatic conditions and
edaphic factors with elevation which hinder the growth of trees. It may also be due to
species composition, age of trees, extent of disturbances, successional strategies of the
stands (Naidu & Kumar, 2016) and difference in the sampling size (Jayakumar & Nair,
2013).
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PWS (b) in Kodagu district, Karnataka.

Species Diversity

The Shannon Wiener Diversity Index (H") varied between 0.74 - 3 in BWS and PWS. The
diversity index calculated for BWS varied between 0.74 - 3 and the highest species diversity
was recorded at 400 m (3.00). In PWS the index varied from 1.80 to 2.86 and 1100 m
(2.86) recorded the highest species diversity. The lowest species diversity was recorded at
1500 m (0.74) and 1700 m (1.80) in BWS and PWS respectively. The Shannon-Wiener
index showed a negative correlation with elevation for both the Sanctuaries (Fig 25). The
species diversity (H") of 3.00 in BWS and 2.86 in PWS is comparable with values from
other forest areas of the Western Ghats (Varghese & Menon, 1998; Ayyapan &
Parthasarathy, 1999; Joseph et al., 2012; Jayakumar & Nair, 2013) but lower than the

tropical rainforest of Malaysia (Suratman, 2012).

The Simpson’s Diversity Index (D) takes into account the number of species present as well
as the relative abundance of each species. The Index varied between 0.42 - 0.95 in BWS
and 0.81 - 0.93 in PWS. The index was highest at 100 m, 400 m, 500 m and 1000 m with
0.95 each and it was lowest at 1500 m with 0.42 in BWS. In PWS it was highest at 200 m
and 1100 m with 0.93 each and lowest at 1700 m with 0.81. There was no significant
relationship between elevation and Simpson’ diversity index in both BWS and PWS (Fig
26).

Pielou’s Evenness Index (E) was used to understand how evenly the species were

distributed across the elevational gradients in two landscapes. The index ranges between 0
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and 1 with the value closer to 1 having more evenness in distribution. The evenness index
varied between 0.67 - 0.95. In BWS, the species evenness was highest at 1000 m (0.95) and
lowest at 1500 m (0.67) and in PWS, the evenness was highest at 900 and 1100 m with a
value of 0.94 and lowest at 700 m with 0.83. There was no significant correlation between
Pielou’s evenness index with elevation both in BWS and PWS (Fig 27).
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Fig 25. Species diversity Index across Elevational Gradients of BWS and PWS
in Kodagu district. Karnataka.
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Kodagu district, Karnataka.

Tree Height and Stratification

The average tree height in BWS and PWS ranged between 2 - 17.28 m across the
elevational gradients. In BWS, the average tree height varied from 2 - 17.28 m whereas in
PWS, the average tree height varied from 3.58 - 16.97 m across the elevational gradients.
There was a significant negative correlation between average tree height with elevation in
BWS whereas in PWS, there was a moderate negative correlation between tree height with
elevation. The regression drawn between average tree height and elevational gradients
showed that tree height was significantly affected by elevation with a decrease in the height
of the trees as elevation increased in BWS whereas in PWS, tree height peaked at the mid
elevations and then decreased with increase in elevation (Fig 28).The tree heights in the
lower and mid elevations were taller (Fig 29) than the trees in the higher elevations which
had stunted growth (Fig 30). The decrease in height of the trees can be due to the decrease

in temperature, water and light availability in the higher elevations.

The matured tree species were grouped into three classes based on their height: top (>25 m),
mid (15-25 m) and understory (<15 m) canopy (Chandrashekara & Ramakrishnan, 1994).
The results from this study showed that out of the 1708 individuals recorded, 72.13 %
belonged to understorey trees, 22.19 % to mid canopy and 5.68 % to top canopy (Table 6).

In BWS, 70.25 % were understorey trees, 21.72 % mid canopy and 8.3 % top canopy trees.

In PWS, 74 % of the trees were understorey trees, 22% mid canopy trees and 3 %
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constituted the top canopy (Fig 31 & 32). Litsea floribunda was found to be the dominant
species in both the landscapes for understorey trees, Kingiodendron pinnatum for mid
canopy in BWS and Palaquium ellipticum was found to be the dominant species for both
mid and top in BWS and for top canopy in PWS.
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Fig 28: Tree height across Elevational gradients in BWS and PWS of Kodagu district, Karnataka.

Fig 29. Tree height in the lower and mid elevations (a) and (b).
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Table 6. Tree Canopy Structure wise Species across Elevational Gradients of BWS and

Fig 30.Trees at higher Elevations with stunted growth (a) and (b).

PWS of Kodagu district, Karnataka.

Elevation Understorey (<15m) Mid canopy (15-25m) Top canopy (>25m)
(m) BWS PWS BWS PWS BWS PWS
100 27 - 20 - 19 -
200 20 26 24 13 9 7
300 42 23 21 24 24 3
400 50 40 27 12 1 1
500 42 42 35 10 9 2
600 68 37 29 16 5 1
700 57 56 10 10 0 0
800 60 47 6 12 0 1
900 23 28 5 9 0 0

1000 40 24 7 28 2 5
1100 65 13 1 19 0 5
1200 26 57 7 22 2 1
1300 23 66 0 2 0 0
1400 54 40 0 10 0 0
1500 24 34 0 0 0 0
1600 - 48 - 0 - 0
1700 - 30 - 0 - 0
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Fig 31.Tree Canopy class in BWS and PWS of Kodagu District, Karnataka.

Fig 32: Tree canopy structure in PWS (a) and BWS (b & c¢) (Understorey, Mid and top canopy).
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Importance Value Index of Species and Family

The IVI depicts the overall phytosociological structure of a species in the community and a
measure of the dominance of a species in a community. The higher the value of IVI, the
more ecological significance it has in a particular forest community. The VI values ranged
between 0.47 to 15.96 in BWS and 0.49 to 20.92 in PWS. In BWS, it was highest for Olea
dioica (15.90) followed by Hopea parviflora (15.19) (Fig 33a) in BWS. The minimum VI
value recorded for Aphanamixis polystachya, Aporosa cardiosperma, Bridelia retusa,

Glycosmis macrocarpa, Holigarna grahamii and Zanthoxylum rhetsa (0.50) (Appendix 3).

In PWS, the IVI was highest for Palaquium ellipticum (20.82) followed by Holigarna
arnotianna (12.23) and Dimocarpus longan (9.78) (Fig 33b). The minimum IVI value was

recorded for Cinnamomum sulphuratum (0.48)( Appendix 4).

A total of 46 families were recorded for both BWS and PWS. The number of families
recorded in BWS was 39 and it varied from 3 to 20 families along the elevational gradients
(Fig 34). The number of families was highest at 700 m with 20 families and lowest at 1500
m with 3 families. The number of species in a family varied from 1 to 8 and Anacardiaceae
had the highest representation with 8 species (8.51%) followed by Lauraceae with 7 species
(7.45%) and lowest for Annonaceae, Arecaceae, Asteraceae, Bignoniaceae, Burseraceae,
Celastraceae, Combretaceae, Dilleniaceae, Lamiaceae, Lythraceae, Melastomaceae,
Oleaceae, Putranjivaceae, Rhizophoraceae, Sabiaceae, Salicaceae, Stemonuraceae and
Xanthophyllaceae with one species each. The family with the most number of individuals
was Lauraceae with 84 individuals followed by Oleaceae with 76 individuals. Family
Importance Value (FIV) showed that the most dominant family was Lauraceae followed by

Dipterocarpaceae (Fig 35a).

In PWS, a total of 37 families were recorded and it varied from 6 to 18 families along the
elevational gradients (Fig 34). The number of families was highest at 200 m with 18
families and lowest at 1600 m elevational site with 6 families. The number of species in a
family varied from 1 to 9 and Lauraceae with 9 tree species (10.71%) was the dominant
family in terms of species richness followed by the family Anacardiaceae with 7 tree
species (8.33 %) and the family with only one species was present for Annonaceae,
Arecaceae Cannabaceae, Celastraceae, Dilleniaceae, Erythroxylaceae, Flacourtiaceae,

Lamiaceae, Malvaceae, Melastomataceae, Mimosoideae, Myrsinaceae, Putranjivaceae,
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Rhizophoraceae, Rutaceae, Sapindaceae, Stemonuraceae, Symplocaceae and Theaceae. The
family with the most number of individuals was Lauraceae with 113 individuals followed
by Dipterocarpaceae and Oleaceae with 61 individuals. FIV showed that the most dominant

family was Lauraceae followed by Dipterocarpaceae (Fig 35b).
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Fig 33. IVl of the top 15 species in BWS (a) and PWS (b) of Kodagu district, Karnataka.
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Fig 34. Relationship between families with Elevation in BWS (a) and PWS (b) of Kodagu
district, Karnataka.
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Fig 35. FIV of the top 15 families in BWS (a) and PWS (b) of Kodagu district, Karnataka.

Forest Stand Structure

The growth of a forest is indicated by the distribution of trees in various girth classes. The
girth of the trees were divided into seven classes viz., 30-60, 60-90, 90-120, 120-150, 150-
180,180-210,210-240, 240-270, 270-300 and >300 cm. In BWS, a total of 395 individuals
were present in the girth class of 30-60 cm, which contributed to 45 % of the overall girth
class, 22 % in 60-90 cm, 12 % in 90-120 cm, 8 % in 120-150 cm, 5 % in 150- 180 cm, 3
% in 180-210 cm, 2 % in 210-240 cm, 2 % in 240-270 cm, 1 % in 270-300 cm and 2 % in
>300 cm respectively. Olea dioica was found to be the dominant species in 30-60, 60-90
and 90-120 cm classes. Hopea parviflora was found to be the dominant species in 120-
150,150-180, 210-240 and >300 cm classes. Kingiodendron pinnatum was found to be the
dominant species in 180-210 cm, Lophopetalum wightianum in 240-270 cm and Artocarpus

hirsutus in 270-300 cm class.

In PWS, a total of 420 individuals were present in the girth class of 30-60 cm, which
contributed to 51 % of the overall girth class, 22 % in 60-90 cm, 11 % in 90-120cm , 7 %
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in 120-150 cm, 4 % in 150- 180 cm, 2 % in 180-210 cm, 2 % in 210-240 cm, 1 % in 240-
270 cm, 1 % in 270-300 cm and 2 % in >300 cm respectively. Vitex altissima was found to
be the dominant species in 30-60 cm, Garcinia gummi-gutta in 60-90 cm, Kingiodendron
pinnatum in 90-120 cm class and Palaquium ellipticum was found to be dominant for the

rest of the classes.

In both the sanctuaries, 30-60 cm class recorded the highest number of individuals. The
stand structure of the forests showed a reverse ‘J’ shape curve with higher density of trees in
the lower girth class which indicates that the forest harbours a growing and a healthy
population with a normal distribution of stems across the girth classes (Fig 36). The lower
elevations had larger girth classes as compared to the higher elevations (Fig 37). The J
shaped curve is similar to studies reported from other areas of the Western Ghats (Pascal &
Pellisir, 1996; Ganesh et al., 1996).
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Fig 36. Relationship between species and number of individuals with Girth classes in BWS and PWS
of Kodagu district, Karnataka.
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Fig 37. Stand structure across Elevations: Ficus virens (a) Vitex altissima (b) Stand structure in the
lower elevations (c) and higher elevations (d).

Species Endemism

A total of 53 out of 132 species recorded in the present study were endemic to the Protected
Areas. A total of 870 individuals were recorded in both the landscapes of which 22 tree
species and 11 families were common to both the sanctuaries. A total of 439 individuals
belonging to 39 endemic tree species and 22 families were recorded in BWS and 431
individuals belonging to 36 endemic tree species and 20 families were recorded in PWS.
The number of endemic species in the elevational gradients varied from 2 to 15 species in
BWS and 3 to 14 species in PWS (Fig 38). The number of endemic species was highest at
500 m with 15 species in BWS and 1000 m with 14 species in PWS. The stand density for
the endemic species in BWS varied between 42 to 567 /ha and was highest at 600 m. In
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PWS, the tree density varied between 100 to 475 /ha and 1200 m with 475 /ha was the
highest in PWS (Fig 39).

The species with the highest number of individuals in BWS include species such as Vepris
bilocularis, Hopea parviflora and species such as Litsea mysorensis and Palaquium
ellipticum had high number of individuals in PWS. The IVI of the species was highest for
Hopea parviflora (31.87) in BWS and Palaquium ellipticum (40.14) in PWS (Fig 40). The
FIV was highest for Dipterocarpaceae in BWS and Lauraceae in PWS (Fig 41).
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Fig 38. Endemic Species distribution across Elevational Gradients in BWS and PWS
of Kodagu district, Karnataka.
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Fig 39. Stand density across Elevational Gradients in BWS and PWS of Kodagu
district, Karnataka.
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Fig 42: Endemic species Kingiodendron pinnatum (a) Baccaurea courtalensis(b) Garcinia gummi-gutta (c)
Artocarpus hirsutus(d).
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Distribution Pattern and Raunkier’s Classification

The ratio of abundance and frequency as a measure of contagiousness among plant
population was widely accepted and it was determined following Whitford (1949). The
ratio indicates regular (<0.025), random (0.025-0.05) and contagious (>0.05) distribution
pattern of the trees. As a general rule, higher frequency and lower abundance indicates

regular distribution pattern whereas the reverse indicates the contagious distribution.

In this study, overall 91.62 % of the species recorded showed contagious distribution, 7.82
% showed a random distribution and 0.56 % showed regular distribution. In BWS, out of
the 94 species recorded 6 (6.38%) species showed random distribution, 88 (93.61%) species
showed contagious distribution pattern and species in regular distribution was absent (Fig
43). Species which showed random distribution included Actinodaphne bourdilloii,
Cinnamomum riparium, Calophyllum apetalum, Macaranga indica, Lagerstroemia
microcarpa and the species which showed contagious distribution includes Bischofia
javanica, Diospyros nilagarica, Knema attenuata, Ligustrum perrottetti, Myristica

malabarica and Vitex altissima.

In PWS, out of the 85 species recorded one (1.18 %) species, Knema attenuata showed
regular distribution, 8 (9.41%) species showed random distribution and included species
Artocarpus hirsutus, Holigarna arnottiana and Garcinia indica, 76 (89.41%) species
showed contagious distribution with species such as Lophopetalum wightianum and
Mallotus phillipensis (Fig 43). The clumped distribution pattern of the forests suggests high
abundance of species but low frequency of occurrence which is due to insufficient seed
dispersal, topography and soil factors which affect the distribution pattern (Tripathi &
Tripathi, 2010).
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Fig 43. Distribution pattern of species in BWS and PWS of Kodagu district, Karnataka. g8



Based on the frequency distribution of the species, Raunkier (1934) classified a community
into five frequency classes viz., A = 1-20, B = 21-40, C = 41-60, D =41-60 and E = 81-100.
It is useful as a simple indication of uniformity or homogeneity within a stand or between
several stands of vegetation. The overall frequency for species falling in Class A was 67,
Class B was 23, Class C was 9, Class D was 2 and there was no species in Class E in

both the landscapes.

In BWS, the frequency ranged from 7 to 67. The percentage of species falling in Class A
was 70, Class B had 22, Class C had 6, Class D had 2 of the total species and there was
absence of species in Class E (Fig 44). In PWS, frequency ranged from 6 to 62. The
percentage of species falling in Class A was 64, Class B had 25, Class C had 9, Class D
had 2 of the total species and there was absence of species in Class E. Raunkier’s frequency
analysis revealed that most of the species had low frequency of occurrence which is

generally seen in species abundance distribution in tropical forests (Kumar et al., 2006).
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Fig 44. Frequency classes of Species in BWS and PWS of Kodagu district, Karnataka.

Sorenson’s Index of Similarity

The similarity between BWS and PWS was calculated using Sorensen’s coefficient. The
Sorensen’s index value ranges from 0 to 1 with a value of 1 showing similar species
composition between the two sites and 0 means they share none. In this study the
Sorenson’s coefficient with a value of 0.525 shows that both the sanctuaries shared 50%

similarity in their species composition.
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Regeneration across Elevational Gradients

A total of 1050 individuals belonging to 55 species and 31 families were recorded in BWS
and PWS (Appendix 5 & 6). The number of regeneration tree species recorded in BWS and
PWS was 46 with 571 individuals and 30 species and 479 individuals respectively.
Regeneration individuals were found to be highest at 500 m with 68 individuals and lowest
at 1300 m with 2 individuals in BWS whereas in PWS it was highest at 1000m with 47
individuals and lowest at 1100 m with 16 individuals (Table 7). The species richness was
highest at 600 m with 16 species and it was lowest at 1300 and 1400 m with 2 species each
in BWS. It was highest at 200 m site with 11 species followed by 1300 and 1400 m with 9
species in PWS. In BWS, the most dominant species was Drypetes Venusta with 51
(10.83%) individuals followed by Atalantia monophylla with 48 (10.19%) individuals and
the lowest number of regenerative individuals with 1 (0.18%) regenerative individual each
was found for Acrocarpus fraxinifolius, Baccaurea courtalensis, Dalbergia spp, Persea
macrantha, Phyllanthus emblica, Psychotria nilgirensis, Scolopia crenata, and Vernonia
arborea. The most dominant species in PWS was Diospyros ebenum and Kingiodendron
pinnatum with 63 (13.15%) and 62 (13.15%) individuals respectively. The lowest number
of regenerative individuals is 1(0.21%) found for Myristica dactyloides, Olea dioica,

Raphanea striata, Symplocos cochinchinensis, Terminalia spp. and Vitex altissima.

The low number of regenerative individuals for some of the species such as Acrocarpus
franxifolius, Baccaurea courtalensis, Myristica malabarica, Olea dioica may be a threat to
its existence in near future as a dominant species. However species which are present in
both the higher and lower girth class such as Diospyros ebenum, Kingiodendron pinnatum
may develop as a canopy in the present forest. The similarity in the tree species between the
adult and regenerating individuals showed a varied proportion similar to results done in
other parts of the Western Ghats (Bharathi & Prasad, 2015). The variation in number of
individuals in the regenerative classes among different elevational gradients may be
ascribed to the prevailing environmental factors determined by the altitude and degree of
disturbance (Hedge et al., 2015).

The regeneration classes were classified based on the height and DBH of the regeneration
individuals at each elevation. All the four regeneration classes were found to be present at
500 m, 600 m, 700 m and 800 m in BWS and 200 m and 300 m in PWS respectively. The
presence of regeneration in all the four classes indicated the presence of the seedlings
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surviving and growing into the adult stage. A decreasing order of regeneration from class 1
to 4 was observed in most of the elevations in both the sanctuaries. There was absence of
class 4 in some sites even though there were high number of individuals in class 1 which
showed that even with high number of regeneration individuals, it depends on the growing
conditions for the species to survive. However in many of the elevational gradients, there
was absence of regeneration individuals in all the four classes or in some of the classes
which indicates that all the seedlings don’t survive and reach the adult stage or they don’t
survive past the seedling stages. The overall population structure of the regenerating
individuals based on their height and girth in both the study sites reveal that the contribution
of class 1 was highest followed by class 2, 3 and 4 (Fig 45). According to the classification,
it shows that the plants in the see dling stages are more and it reduces as the girth and the
height of the trees increases.

In both the Sanctuaries class 1 had the highest number of individuals, 437 in BWS and 272
in PWS. However in class 2 and 3, PWS had higher number of individuals than BWS with
136 and 64 individuals for class 2 and 3 in PWS and 93 and 33 in BWS for class 2 and 3
respectively and in Class 4, BWS had 8 and PWS had 7 individuals. The regeneration
classes showed a reverse ‘J’ shaped pattern in both the sanctuaries which indicates a healthy
regeneration population. The number of regeneration individuals in class 4 was less in both
the sanctuaries which indicates that most of the individuals do not reach the mature or adult
stage. The species with higher number of individuals for regeneration was Drypetes venusta
in BWS and Diospyros ebenum in PWS (Fig 46).
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Fig 45. Vegetation structure of Regenerating trees in BWS and PWS of Kodagu district,
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The growth features and nature of disturbance differs for different species and affects the
mechanism of regeneration (Pandey & Shukla, 2003). The high number of regeneration
individuals in class 1 can also be attributed to continued process of regeneration initiated
from seeds formation, dispersal, germination and establishment (Prasad & Al-Sagheer,
2012). The absence of regenerative individuals in the later stages of growth can be due to a
variety of factors such as biotic disturbances (Karthik & Viswanath, 2012), habitat
fragmentation, isolation and habitat destruction (Hedge et al., 2015), poor seed germination
and establishment of seedlings in the forest (Khumbonmayum, 2005). Sapling mortality is
the most significant factor determining species turnover and establishment in a forest
(Lieberman & Lieberman, 1994) and small saplings are most vulnerable to mortality
(Condit et al., 1995). The complete absence of regenerative individuals in a forest indicates

the constraints for poor regeneration. The absence of regenerative species such as Ligustrum
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perrottetii, Artocarpus hirsutus in the different classes shows that the regeneration potential
is very weak. Seed dispersal is mediated by several biotic and abiotic factors in tropical rain
forests and the regeneration of the trees may be taking place at various distances from the
mother tree (Kumar et al., 2015).

Table 7: Density and Species Richness of Regenerative Species in

BWS and PWS of Kodagu district, Karnataka.

No. of individuals No. of species
SI.No Elevation BWS PWS BWS PWS

1. 100 61 - 12 -
2. 200 53 26 11 11
3. 300 35 20 7 4
4. 400 45 23 10 5
5. 500 68 20 10 3
6. 600 52 22 16 5
7. 700 65 25 16 6
8. 800 60 26 14 4
9. 900 21 33 9 5
10. 1000 45 47 8 6
11. 1100 31 16 8 6
12. 1200 24 46 11 7
13. 1300 2 42 2 9
14. 1400 9 39 2 9
15. 1500 - 35 - 5
16. 1600 - 37 - 8
17. 1700 - 22 - 6

The overall reverse ‘J’ shaped population curve of the regeneration classes observed in
BWS and PWS was similar to various studies reported from the forests of Northeast India,
Western Ghats, Eastern Ghats, Eastern Himalayas and in other parts of the world (Sarkar &
Devi, 2014; Bharathi & Prasad, 2015). The density of regenerating individuals is
comparable to the evergreen forests of other regions of the Western Ghats (Jayakumar &
Nair, 2013; Prasad & Al-Sagheer, 2012). However, regeneration of a species does not
account for its adult density (Chauhan et al., 2008) and so even though the study shows that
there is a high number of regenerative individuals in the study site, not many of them will
reach the adult stage and so it is difficult to conclude that the regenerative individuals

recorded in this study will reflect in the same way as matured trees in the future.
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6.3 Soil Characteristics of BWS and PWS

Soil Types

The soil types in the Western Ghats are red soils, laterites, black soils and humid soils
(Subramanyam & Nayar, 1974). The colour of the soil in the forest area of Kodagu
consisted of 57.81 % brown coloured soil and 37.50 % of black coloured soil (FSI, 1995).
Soils in the evergreen forest of the Western Ghats are mostly sandy loam and sandy soil
types as there is less disturbance in these areas (Ramchandra et al., 2012b). The soil types in
BWS and PWS is deep loamy with varying depths with patches of lateritic or lateritic bright
red or yellow colour soil in PWS (GoK, 2008, GoK, 2010). The soil types in the study area
was mostly deep, well-drained gravelly clay soils with low available water capacity mostly

in the sub-soil and on high hill ranges with steep slopes (Fig 47).
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district, Karnataka.
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pH and Soil Moisture

The pH of the soil in BWS ranged from 5.25 to 7.49 and 4.24 to 6.52 in PWS. The pH of
the soil in the elevational gradients in both the sanctuaries indicated that the soils are acidic
in nature (Fig 48). The pH of soil in BWS did not follow any specific pattern with elevation
whereas the soil in PWS was more acidic in the lower elevations and it decreased higher up
the elevations. Studies have shown that the soils in the Western Ghats ranged from mildly
acidic to very acidic (Swamy & Proctor, 1994; Ramachandran & Swarupanandan, 2013;
Sahu et al., 2019).

The soil moisture content along the elevational gradients varied between 5 to 10 % in BWS
and 5 to 14% in PWS. The moisture content in the soil did not follow a specific pattern
along the elevational gradients. The moisture content was highest at 500 and 1300 m in
BWS with 10 % and 800 m site had the least moisture content with 5 % whereas the
moisture content in PWS was highest at 1400 m with 14 % followed by 1500 m with 13 %
and 400 m site had the least moisture content with 5 % (Fig 49). Overall the moisture
content was found to be higher in PWS which may be due to the litter accumulation in the
forest bed which retains the moisture in the soil. Also, there was heavy rainfall in the forest
of PWS prior to sampling which could have resulted in an increase in the moisture content
in the soil. Increased soil moisture content can also be attributed to the vegetation cover

which reduces the evaporation rate.

Major Soil Nutrients

The soil organic Carbon content along the elevational gradients varied between 2.4 to 83.16
t/ha in BWS and between 12.12 to 117.36 t/ha in PWS. The average soil carbon in BWS
was 35.2 and 59.76 t/ha in PWS respectively. The elevational gradients at 1200 m had the
highest organic carbon content with 83.16 t/ha whereas organic content was found to be
absent in sites 200 m and 500 m in BWS. The elevational site at 1500 m in PWS had the
highest organic carbon content with 117.36 t/ha whereas 900 m site had the least organic
carbon content with 12.12 t/ha (Fig 50). The high organic content may be due to the fast
decomposition rate of the organic matter and the low organic content can be attributed to
the slow decomposition of the organic matter. The high organic content can also be due to
the unaltered natural setting with continuous growth of trees and shrubs (Divya et al., 2016)
The decrease in the soil carbon with the increase in the elevation was also reported in other
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studies (Sevgi & Tecimen, 2009; Kobler et al., 2019). The organic content of 35.2 and
59.76 t/ha in the Protected Areas of Kodagu was found to be much lower than the tropical
wet evergreen and semi evergreen forests of the Western Ghats as reported by Singh (1968)
whereas it was in the similar range of 161.9 t/ha reported in montane temperate forests
(Chabbra et al., 2003).

Dense canopy and thick undercover result in increased amount of carbon return in the form
of litter and contributes to higher amount organic matter on forest floor. The rapid
decomposition of forest litter may also contribute to the high organic content of the soil
(Divya et al., 2016). Decreased litter input, shifts in abundance of woody and herbaceous
vegetation, changes in depth distribution of plant roots, altered soil water and temperature
regimes accelerate decomposition and a decrease in net primary productivity (Jackson et al.,
2000) might have contributed to the loss of SOC in the two elevational gradients. The soil
organic carbon is affected by the altitudinal and topographic variation (Parras- Alcantara et
al., 2015). There is a decrease in the carbon and nitrogen with increasing altitude due to
lower decomposition rates due to the decreasing temperature (Shedayi et al., 2016). The
decrease in vegetation with increasing altitude also results in less accumulation of litter and

low input of organic carbon in soils (Sheik et al., 2009).

The nitrogen values of the soil samples along the elevational gradients varied between 8.2
mg/kg to 450 mg/Kg in BWS and between 11.4 mg/kg to 394.6 mg/Kg in PWS. The highest
Nitrogen content in BWS was found at 300 m elevational site followed by 1400 m with 386
mg/kg at 1400 m. The lowest Nitrogen content was found at 600 m with 8.2 mg/kg. In
PWS, the highest Nitrogen content was found at 1600 m elevational site with 394.6 mg/kg
followed by 1700 m with 232 mg/kg and the lowest Nitrogen content was found at 700 m
with 11.4 mg/kg (Fig 51).

Phosphorus content along the elevational gradients varied between 6.15 mg/kg to 65.56
mg/Kg in BWS and between 12.3 mg/kg to 30.75 mg/Kg in PWS. The highest content in
BWS was found at 200 m elevational site with 65.65 mg/kg followed by 200 m with 22.05
mg/kg at 200 m and the lowest was found at 1400 m with 6.15 mg/kg. In PWS, the highest
was found at 1500 m elevational site with 30.75 mg/kg followed by 700 m with 30.15
mg/kg at 700 m and the lowest was found at 1700 m with 12.3 mg/kg.
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Potassium content of the soil along the elevational gradients varied between 20 mg/kg to
120 mg/Kg in BWS and varied between 10 mg/kg to 100 mg/Kg in PWS. The highest
content in BWS was found at 1300 m elevational site with 120 mg/kg followed by 800 m
and 900 m with 70 mg/kg each. In PWS, the highest content was found at 900 m elevational
site with 100 mg/kg followed by 1400 m with 90 mg/kg each. There was absence of
Potassium content in the soils at 100 m and 1400 m in BWS and 300 m, 400 m, 500 m,
1100 m and 1600 m in PWS.
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Fig 48. pH of soil across Elevational Gradients in BWS and PWS of Kodagu district, Karnataka.
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According to the study, the soil nutrients analysed was found to be higher in PWS than in
BWS. It can also be because of the high litter content in these forests which contribute to
the nutrients in the soil. Herbs and litter supplement nutrients, soil organic carbon and help
in maintaining good physical properties of the soil which are essential for growth (Reddy et
al., 2012). The low nutrient availability in BWS can be because of different exposure of
soils and steepness of the place and decrease in the soil fertility with elevation (FAO, 2015).
There was no grassland ecosystem in the study area in PWS compared to BWS which had
vast expanse of grassland ecosystem which can also be one of the reasons for the overall

low nutrient availability in BWS.
6.4 Carbon Stock across Elevation Ranges

The 15 elevational gradients in BWS and the 16 in PWS was categorized, low (100-500 m),
mid (600-1000m) and high (1000-1700 m) elevation ranges. Among the altitudinal ranges
classified, carbon stock was recorded maximum for low (426.14+89.36 t/ha), followed by
medium (173.42+38.95 t/ha) and high (74.76+34.73 t/ha) range in BWS and it was recorded
maximum for medium (170.34+48.52 t/ha) in PWS followed by low (169.40+51.34 t/ha)
and high (157.79+77.05 t/ha) elevation range (Fig 52). The carbon stock value varied
significantly between the three elevation ranges in BWS (ANOVA:F=9.19, p<0.05)
whereas in PWS, there was not much variation between the carbon stock values
(ANOVA:F=0.01,p>0.05)

The low elevation class of BWS had 49 species with 370 individuals and had higher carbon
stock (426.14+89.36 t/ha) than PWS (169.40+51.34 t/ha) with 35 species and 203
individuals. However it may be noted that, lower elevation range in PWS was considered at
200 m and not 100 m as in BWS. The carbon stock of the tree species in low elevation
range varied from 0.11 to 520 t/ha and 0.05 to 80.60 t/ha in BWS and PWS respectively.
Hopea parviflora (520 t/ha) followed by Dimocarpus longan (162.25 t/ha) had the highest
carbon stock in BWS whereas Hopea parviflora (97.58 t/ha) followed by Messua ferrea
(92.18 t/ha) had the highest carbon stock in PWS. The carbon sequestration potential of the
low elevation range was 1563.94+327.98 t/ha in BWS and 621.73+188.44 t/ha in PWS
respectively.

The carbon stock of the mid elevation range in BWS (173.42+38.95 t/ha) had higher carbon
stock than PWS (170.34+48.52 t/ha). The mid elevation range of BWS had 61 species with
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312 individuals and PWS had 54 species with 274 individuals. Carbon stock of trees in the
mid elevation range in BWS varied from 0.06 to 125.32 t/ha and 0.12 to 24.26 t/ha in PWS
respectively. Lagerstroemia microcarpa (125.32 t/ha) followed by Olea dioica (78.36 t/ha)
had the highest carbon stock in BWS whereas Hopea canarensis (117.70 t/ha) followed by
Ficus nervosa (69.60 t/ha) had the highest Carbon stock in PWS. The carbon sequestration
potential of the mid elevation range was 636.46+£142.95 t/ha in BWS and 625.15+178.08
t/ha in PWS.

The high elevation range for BWS was up to 1500 m and it was till 1700 m in PWS. The
carbon stock was 74.76x34.73 t/ha in BWS and 157.79+77.05 t/ha in PWS. The high
elevation range of BWS had 36 species with 202 individuals and PWS had 55 species with
347 individuals. Carbon stock in the high elevation range in BWS varied between 0.07 to
86.11 t/ha and 0.05 to 417.43 t/ha in PWS. Memecylon randeriana (86.11 t/ha) followed by
Bischofia javanica (51.03 t/ha) had the highest Carbon stock in BWS. Palaquium ellipticum
(417.43 t/ha) followed by Ficus nervosa (117.34 t/ha) had the highest carbon stock in PWS.
The carbon sequestration potential of the high elevation range was 274.39+£127.46 t/ha in
BWS and 579.11+282.78 t/ha in PWS.

The carbon stock was found to be higher in low elevation range in BWS but it was found to
be higher in the mid elevation range in PWS. The maximum carbon stock in the lower
elevation in BWS can be due to the presence of more number of trees whereas the
maximum carbon stock in PWS in the mid elevation can be due to more number of trees

with larger stem size.
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Fig 52. Carbon Stock in Elevational ranges in BWS and PWS of Kodagu District,
Karnataka.
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Biomass and Carbon Stock

The quantification of carbon stock was carried out in the forests of BWS and PWS using
allometric equations for Above Ground Biomass (AGB) and Below Ground Biomass
(BGB). The overall biomass of the forests of BWS and PWS was estimated at 381.37+£60.94
t/ha. The biomass in BWS was estimated at 449.55+£101.67 t/ha and PWS at 329.24+74.01
t/ha respectively. The biomass varied from 31.40 t/ha at 1500 m to 1346.69 t/ha at 100 m in
BWS and 10.87 t/ha at 1700 m to 909.72 t/ha at 1200 m across the elevational gradients in
PWS.

The total AGB in BWS and PWS was estimated at 161.25+32.90 t/ha. The AGB was
estimated at 362.44+83.85 t/ha and 264.67+60.95 t/ha in BWS and PWS respectively. The
AGB ranged between 23.54 t/ha at 1500 m and 1113.09 t/ha at 100 m and 7.88 t/ha at 1700
m and 743.79 t/ha at 1100 m across the elevational gradients in BWS and PWS respectively
(Fig 53). In BWS, Hopea parviflora (866.81 t/ha) contributed the highest AGB whereas
Bridelia retusa (0.09 t/ha) contributed the lowest AGB and Ficus nervosa (78.36 t/ha)
contributed the highest AGB whereas Cinnamomum sulphuratum (0.06 t/ha) contributed the
lowest AGB in PWS.

The AGB of 362.44+83.85 t/ha and 264.67+60.95 t/ha in BWS and PWS respectively is
comparable with 324 Mg/ha in the natural forest of Northeast India (Baishya et al., 2009),
275.46£96.15 t/ha in the tropical rain forest of Thailand (Terankupisut, 2017) but it is
higher than the tropical rain forest of Uttara Kannada district 124.84 + 29.05 (Bhat &
Ravindranath, 2011) and 119.24 t/ha in the montane forest in West Malaysia (Jeyanny et
al., 2014) and lower than the value of 607.7 Mg/ha in the tropical wet evergreen forest (Rai,
1981), 402.22+83.43 in the Western Himalaya (Bhat et al., 2013) and 468 Mg/ha in the

tropical semi ever-green forest of Western Ghats of India (Swamy, 1989).

The total BGB in BWS and PWS was estimated at 38.96+7.20 t/ha. The BGB was estimated
at 87.12+17.89 t/ha and 64.56+£13.09 in BWS and PWS respectively. The BGB ranged
between 7.86 t/ha at 1500 m and 236.60 t/ha at 100 m in BWS and between 2.98 t/ha at
1700 m and 170.11 t/ha at 1200 m across the elevational gradients of PWS. Hopea
parviflora (177.41 t/ha) had the highest value of BGB and Bridelia retusa (0.04 t/ha) had
the lowest value of BGB in BWS. Ficus nervosa (15.10 t/ha) had the highest BGB value
and Cinnamomum sulphuratum (0.03 t/ha) had the lowest BGB value in PWS.
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A total carbon stock of 6006 t and a standing biomass of 12011 t were estimated from 1708
individual trees covering an area of 3.72 ha from the forests of BWS and PWS. The mean
carbon stock in each elevation gradient was estimated at 193.73+31.09 t/ha and the standing
biomass was estimated at 387.46+62.19 t/ha respectively. The overall carbon stock was
found to be higher in BWS than PWS (Fig 54).
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The carbon stock in BWS was estimated at 224.77+£50.83 t/ha out of which 181.21+41.92
t/ha contributed to AGC and 43.55+8.94 t/ha contributed to BGC. The minimum carbon
stock of 15.68 t/ha was recorded at 1500 m and the maximum carbon stock of 673.33 t/ha
was recorded at 100 m in BWS. Whereas in PWS, carbon stock was estimated at
164.62+37.00 t/ha out of which 132.33+30.47 t/ha contributed to AGC and 32.28+6.54 t
C/ha contributed to BGC. The minimum carbon stock of 5.43 t/ha was recorded at 1700 m
and the maximum carbon stock of 454.85 t/ha was recorded at 1200 m in PWS. There was a
strong negative correlation between carbon stocks with elevation in BWS whereas there was

a weak correlation between carbon stock with elevation in PWS (Fig 55).

Species and Family Wise Carbon Stock

A total of 94 species was recorded in BWS out of which Ficus virens (21.53 t/ha) with two
individuals had the highest carbon stock which is due to its large girth size. It was then
Hopea parviflora (17.40 t/ha) with 30 individuals (Fig 56). Bridelia retusa (0.07 t/ha) stored
least carbon followed by Zanthoxylum rhetsa (0.08 t/ha) with 1 individual each. In PWS, 84
species was recorded and Ficus nervosa (46.74 t/ha) with 4 individuals had the highest
carbon stock followed by Hydnocarpus petandra (31.74 t/ha) with two individuals and
Messua ferrea (30.73) with three individuals (Fig 57). Cinnamomum sulphuratum (0.05
t/ha) followed by Schefflera wallichiana (0.07 t/ha) with one individual each had the least
carbon stock. The mean carbon stock for each species in BWS was 3.81+0.40 t/ha whereas
it was 3.19+0.34 t/ha in PWS.

In both the landscapes, Ficus species was found to be the major species which stored more
carbon. The carbon stock of 224.77+50.83 t/ha in BWS and 164.62+37.00 t/ha in PWS are
comparable with 216.2+26.4 and 206.6+19.9 Mg C/ha from two grassland ecosystems in
the Western Ghats (Subashree & Sundarapadian, 2017), but lower than 258.05+53.01
Mg/ha in the Western Himalaya (Bhat et al., 2013) and 241.3+37.5 Mg C/ha in the tropical
forest of Columbia (Philips et al., 2019). The carbon stock decreased with elevation in both
BWS and PWS which is similar to the result recorded by Liu & Nan (2018) The variations
in the carbon stock may be due to differences in age structure, species composition, storage
potential, stage of development and site characteristics (Kumar et al., 1998), terrain
characteristics, edaphic factors (Subashree & Sundarapandian, 2017), leaf traits,

microclimate, edaphic characters (Pragasan, 2016).
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The family with the highest biomass was recorded for Melastomaceae (10.70%) in BWS
followed by Callophyllaceae (8.32%) whereas Combretaceae (0.18%) followed by
Asteraceae (0.24%) had the least biomass in BWS. In PWS, Flacourtiaceae (16.18 %) had
the highest biomass followed by Callophyllaceae (15.67%) and the least biomass was
recorded for Araliaceae (0.07%) followed by Rutaceae (0.12%) in PWS. The average

biomass for each family was 6.88+1.17 t/ha and 10.22+2.41 t/ha in BWS and PWS
respectively.

The family Melastomaceae had the highest carbon stock in BWS and contributed to 10.70
% of the carbon stock (14.35 t/ha) (Fig 56) whereas in PWS, Flacourtiaceae had the highest
carbon stock and contributed to 16.18 % of the carbon stock (31.74 t/ha) (Fig 56). The

average carbon stock for each family was 86.45+20.01 t/ha and 69.31+18.34 t/ha in BWS
and PWS respectively.
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Carbon Stock according to Girth Size Class

The trees were categorised into ten classes based on their Girth at Breast Height (GBH) viz.,
30-60 cm, 60-90 cm, 90-120 cm, 120-150 cm, 150-180 cm, 180-210 cm, 210-240 cm, 240-
270, 270-300, >300 cm. A significant variation in the distribution of C stock was observed
between the ten tree size classes and the maximum C stock was observed for the highest
girth class i.e., >300 cm (33.01%) followed by 240-270 cm (8.98 %) in BWS and in PWS,
the girth class >300 cm (31.64%) had the highest carbon followed by 120-150 cm (12.05%)
(Fig 58). The AGC contributed to 930.35 t/ha and BGC contributed to 27.97 t/ha of the total
carbon in the class >300 cm in BWS and in PWS, AGC contributed to 696.18 t/ha and
BGC 137.14 t/ha contributed to the total carbon in the class >300m .

The carbon stock of a tree is directly proportional to its stem size and hence total carbon
stored in a forest is mostly influenced by the number of trees in larger stem size category
rather than total tree density (Pragasan, 2016). The girth class >300 cm contributed the
highest in the total carbon stock in both BWS and PWS. A higher proportion of carbon
storage in the higher diameter classes in natural forest does indicate the important role of
large trees in carbon storage but does not undermine the role of small trees (<60cm) which
would enhance the future carbon stock because of their high carbon sequestration potential
(Baishya et al., 2009).
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About 33 % of the biomass was present in > 300 cm GBH trees in the forest of BWS and
32% in the forest of PWS. Even though the number of individuals in 30-60 cm girth class
was higher in both BWS and PWS, the carbon stock was greater in >300cm girth class. The
contribution of trees to carbon stock was greater in >300 cm girth class trees in both BWS
and PWS.
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Fig 58. Carbon Stock across Girth Classes in Protected Areas of BWS and PWS of Kodagu
District, Karnataka.

Carbon Sequestration

The carbon sequestration potential of the forests of BWS and PWS was estimated at
710.98+£114.12 t/ha. The carbon sequestration potential varied among the different
elevational gradients and ranged between 57.61 t/ha at 1500 m to 2471.16 t/ha at 100 m in
BWS and 19.94 t/ha at 1700 m to 1177.68 t/ha at 200 m in PWS (Fig 59). The mean carbon
sequestration potential across the elevational gradients in BWS was 824.93+£181.56 t/ha and
604.15+£135.81 in PWS. Ficus virens (79 t/ha) in BWS and Ficus nervosa (171.52 t/ha) in
PWS were the species which had the highest carbon sequestration potential. The average
carbon sequestration potential for a single species in BWS and PWS was 13.99+1.47 t/ha
and 11.73+1.26 respectively. The carbon sequestration potential was found to be higher in
BWS than in PWS (Fig. 60).
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The carbon sequestration potential of the forests of BWS and PWS was recorded at
824.93+181.30 t/ha and 604.15+135.81 respectively which is higher than the evergreen and
moist deciduous forests of Kodagu (Hareesh & Nagarajaiah, 2019). Carbon sequestration
potential varies on forest type, forest age and size of trees (Terakunpisut et al. 2007). The
forests of BWS and PWS thus act as carbon sinks and and can assist in the mitigation of

climate change.
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Chapter - 7
CONCLUSIONS & RECOMMENDATIONS

7.1 Conclusions

The spatio-temporal analysis indicated decrease in land cover and a little increase in areas
having habitat with vegetation in the past two decades. The NDVI analysis indicated the
same, hence continued efforts are necessary to protect these Protected Areas, Eco-Sensitive
Zones and adjoining Reserve Forests. The vegetation across two landscapes showed
presence of a diverse flora with maximum species diversity occurring in lower elevations
and decreased diversity in higher elevations. However, endemic tree species was found to
be more abundant in higher elevations. BWS and PWS have shown relatively healthy
regeneration of population, which will help in balancing different species in different strata
and girth class. The forest structure and composition of the vegetation changed along the
elevational gradients with a decrease in tree height and girth size of the trees with increase

in elevation.

The study concludes that elevation plays a major role in vegetation pattern and composition
of species. The grassland ecosystem in BWS dominated by Ageratina adenophora, an
invasive weed spread to a vast area and is a threat for other species. It can also alter the
ecological communities of the grasslands and adjoining shola forests. There have also been
occurrences of forest fires in the grassland ecosystems, which can also affect the growth of
trees as well as other herbs and shrubs. PWS had an abundance of Strobilanthes kunthiana
along the edge of the forest in the higher elevations which grew tall and suppressed the
regeneration of other species. BWS and PWS also showed great potential for carbon
sequestration with BWS having higher potential than PWS. These forests thus act as carbon

sinks, which is helpful in climate change mitigation.

The green cover in Kodagu district is decreasing with the increase in the expansion for
coffee plantations and other commercial activities. Hence Protected Areas are important not
only for the conservation of the species but also to regulate climate. Protected Areas are also
important as they are the origin of many tributaries. And so without these forests, the

livelihood of the people in downstream will be affected. The freshwater from the mountains
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sustains many natural habitats and contributes to biological diversity. The montane
ecosystems are therefore very important for the survival of the species in the Protected
Areas. The study also recorded the presence of a large number of endemic species, the
habitat of which needs to be protected.

7.2 Recommendations

e The Protected Areas give birth to many rivers such as Kabini, Hemavathi, Harangi,
Laxmanthirtha and main Cauvery. These areas need to be protected by undertaking
watershed measures such as gully plugging and check dams to enhance the water
availability in streams to improve riparian forest, aquatic biodiversity and serve as
water source for faunal species in the Sanctuary.

e Shola forests are the tropical evergreen forest patches found in depressions amidst
the high altitude grassland. These forests are threatened due to fire and invasive
species. Hence, it is proposed to have effective fire prevention measures all along
the periphery of important shola forest coming in BWS as top priority. It is therefore
suggested to use remote sensing techniques in fire detection and dissemination
measures to fire fighter personals to prevent damage.

e The landscapes of these Protected Areas have panoramic view, scenic location with
beautiful waterfalls, hillocks, grasslands embedded with sholas which attracts
tourist. These Protected Areas have many trekking paths and it will damage the
ecology of the area. Hence, eco-tourism should be restricted in fire and monsoon
seasons and regulated in other period. Many illegal home-stays in Eco-Sensitive
Zones should be restricted and regulated with appropriate ecotourism policy to
protect fragile mountain forests.

e These three Protected Areas were declared as UNESCO sites recently. Hence proper
coordination is necessary from global to local stakeholders to protect these beautiful
landscapes of Western Ghats.

e These three contagious sanctuaries are corridors for Elephants, Tigers and other
animals. These big mammals move out of the Protected Areas to coffee plantations
in summer in search of food and water creating human wildlife conflict. Hence it is
proposed to undertake bamboo plantation on the buffer areas of the adjoining

Reserve Forest region to reduce conflicts.
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Our observations in these Protected Areas also reveal that coffee has been
introduced upto the fringes of the sanctuary including the Eco-Sensitive Zones and
adjoining Reserve Forest. Hence coffee expansion to higher elevation should be
restricted to outside Eco-Sensitive Zones of Protected Areas.

Most of the boundaries of these Protected Areas run along the adjacent agriculture
land with scattered settlements. Hence, the forest fringe experiencing grazing and
Non-Timber forest products collection need to be regulated to promote regeneration.
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Appendix 1: Tree Species across the Elevational Gradients of Brahmagiri Wildlife Sanctuary, Kodagu, Karnataka

Elevation (m)

SI.No Name of the species Family 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
1 Acrocarpus fraxinifolius Arn. Fabaceae + + + +
2 Actinodaphne bourdillonii Gamble* Lauraceae + +
3 Aglaia simplicifolia (Bedd.) Harms* Meliaceae + + +
4 Agrostistachys borneansis Becc. Euphorbiaceae
5 Alstonia scholaris (L.) R. Br. Apocynaceae +
6 Antiaris toxicaria (Pers.) Leschen. Moraceae
7 Antidesma menasu (Tul.) Mig. ex Muell.-Arg. Phyllanthaceae +
8 Aphanamixis polystachya (Wall.) R. N. Parker Meliaceae +
9 Aporosa cardiosperma (Gaertn.) Merr. Phyllanthaceae +
10 Artocarpus hirsutus Lam.* Moraceae +
11 Atalantia monophylla (Roxb.) A. DC. Rutaceae +
12 Baccaurea courtalensis Muell.-Arg. Phyllanthaceae +
13 Bischofia javanica Blume Phyllanthaceae + + + +
14 Bridelia retusa (L.) A.Juss. Phyllanthaceae
15 Calophyllum apetalum Willd.* Calophyllaceae + + +
16 Canarium strictum Roxb. Bursearaceae + +
17 Carallia brachiata (Lour.) Merr. Rhizophoraceae +
18  Caryota urens L. Arecaceae
19 Chukrasia tabularis A. Juss. Meliaceae +
20 Cinnamomum riparium Gamble* Lauraceae + + + +
21 Cinnamomum sulphuratum Nees* Lauraceae + + +
22 Dalbergia latifolia Roxb. Fabaceae + +
23 Dillenia pentagyna Roxb. Dilleniaceae +
24 Dimocarpus longan subsp. longan Sapindaceae + + + +
25  Diospyros assimilis Bedd. Ebenaceae
26 Diospyros ebenum J.Koenig ex Retz. Ebenaceae + + + +
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27
28
29
30
31
32
33
34
35
36
37
38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Diospyros nilagirica Bedd.*

Diospyros pruriens Dalzell*

Diospyros sylvatica Roxb.

Dipterocarpus indicus Bedd.*

Drypetes venusta (Wight) Pax & K.Hoffm.*
Dysoxylum malabaricum Bedd. ex C. DC. *
Elaeocarpus serratus L.

Elaeocarpus tuberculatus Roxb.

Ficus virens W. T. Aiton

Garcinia gummi-gutta (L.) Robs.*
Garcinia indica (Thouars) Choisy.*

Glochidion candolleanum (Wight & Arn.)Chakrab.

& M.Gangop

Glochidion malabaricum (Mull.Arg.) Bedd.*
Glycosmis macrocarpa Wight*

Harpullia arborea (Blanco) Radlk.

Heynea trijuga Roxb.

Holigarna arnottiana Wall. ex Hook. f.*
Holigarna grahamii (Wight) Kurz.*

Hopea parviflora Bedd.*

Hopea ponga (Dennst.) D.J. Mabberley*
Hopea utilis (Bedd.) Bole*

Humboldtia brunonis Wall.*

Ixora brachiata Roxb.*

Kingiodendron pinnatum (DC.)Harms*
Knema attenuata (Hook. fil. & Thoms.) Warb.*
Lagerstroemia microcarpa Wight

Lannea coromandelica (Houtt.) Merr.
Ligustrum perrottetii A.DC*

Litsea floribunda (Bl.) Gamble*

Litsea spp.

Ebenaceae
Ebenaceae
Ebenaceae
Dipterocarpaceae
Putranjivaceae
Meliaceae
Elaeocarpaceae
Elaeocarpaceae
Moraceae
Clusiaceae
Clusiaceae

Euphorbiaceae

Euphorbiaceae
Rutaceae
Sapindaceae
Meliaceae
Anacardiaceae
Anacardiaceae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Fabaceae
Rubiaceae
Fabaceae
Myristicaceae
Lythraceae
Anacardiaceae
Lauraceae
Lauraceae
Lauraceae
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57
58
59
60
61

62

63
64
65
66
67

68
69
70

71
72
73
74
75
76
77
78
79
80
81

82
83

Lophopetalum wightianum Arn.
Macaranga indica Wt.

Persea macrantha (Nees) Kosterm.
Mangifera indica L.

Meliosma simplicifolia (Roxb.) Walp. ssp.
Simplicifoli

Memecylon randeriana S.M. Almeida & M.R.
Almeida*

Mesua ferrea L.

Mimusops elengi L.

Murraya paniculata (L.) Jacg.

Myristica malabarica Lam.*

Nothapodytes nimmoniana (J. Grah.) D.J.
Mabberley*

Nothopegia beddomei Gamble*
Nothopegia travancorica Bedd. ex Hook. f.*
Nothopegia heyneana (). Hk.) Gamble var.
heyneana*

Olea dioica Roxb.

Palaquium ellipticum (Dalzell) Baill.*

Phyllanthus emblica L.

Polyalthia fragrans (Dalzell) Hook. f. & Thomson*
Psydrax umbellata (Wight) Bridson

Pterygota alata (Roxb.) R. Br.

Sapindus emarginata Vahl

Scolopia crenata (Wight & Arn.) Clos

Semecarpus auriculata Bedd.*

Sterculia guttata Roxb.

Stereospermum colais (Buch.-Ham. ex Dillw.) D. L.

Mabberley
Symplocos cochinchinensis var laurinia
Symplocos racemosa Roxb.

Celastraceae
Euphorbiaceae
Lauraceae
Anacardiaceae

Sabiaceae

Melastomaceae

Calophyllaceae
Sapotaceae
Rutaceae
Myristicaceae

Stemonuraceae

Anacardiaceae
Anacardiaceae

Anacardiaceae

Oleaceae
Sapotaceae
Phyllanthaceae
Annonaceae
Rubiaceae
Malvaceae
Sapindaceae
Salicaceae
Anacardiaceae
Malvaceae

Bignoniaceae

Symplocaceae
Symplocaceae
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84
85
86

87
88
89
90
91
92
93
94

Syzygium gardneri Thw.
Syzigium spp.

Tabernaemontana gamblei Subramanyam & A.N.

Henry*

Terminalia coriacea (Roxb.) Wight & Arn.
Toona ciliata M. Roem.

Vateria indica L.*

Vepris bilocularis (Wight & Arn.) Engl.*
Vernonia arborea Buch.-Ham.

Vitex altissima L.f.

Xanthophyllum arnottianum Wight*
Zanthoxylum rhetsa (Roxb.) DC.

*Endemic Species

Myrtaceae
Myrtaceae

Apocynaceae

Combretaceae
Meliaceae
Dipterocarpaceae
Rutaceae
Asteraceae
Lamiaceae
Xanthophyllaceae
Rutaceae
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Appendix 2: Tree Species across the Elevational Gradients of Pushpagiri Wildlife Sanctuary, Kodagu, Karnataka.

Elevation (m)

SI.No Species name Family 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
1 Actinodaphne bourdillonii Gamble.* Lauraceae + + + +
2 Aglaia elaeagnoidea (A. Juss.) Benth.* Meliaceae + +
3 Aglaia simplicifolia (Bedd.) Harms.* Meliaceae + + +
4 Agrostistachys borneansis Becc. Euphorbiaceae + +
5 Antidesma menasu (Tul.) Mig. ex Muell.-Arg. Phyllanthaceae +
6 Antidesma montanum Blume. Phyllanthaceae
7 Aporosa lindleyana (Wight) Baill. Euphorbiaceae + + + + + +
8 Archidendron bigeminum (L.)I.C.Nielsen Mimosoideae +
9 Artocarpus heterophyllus Lam. Moraceae + +
10 Artocarpus hirsutus Lam.* Moraceae + + + +
11 Calophyllum apetalum Willd.* Callophyllaceae +
12 carallia brachiata (Lour.) Merr. Rhizophoraceae +
13 Caryota urens L. Arecaceae + +
14 Celtis philippensis wightii (Planch.) E.
Soepadmo Cannabaceae +
15 chionanthus mala-elengi (Dennst.) P.S.Green Oleaceae + o+ o+ + +
16 Chukrasia tabularis A. Juss. Meliaceae +
17 cinnamomum malabatrum (Burm. f.) Pres|* Lauraceae + + + + + +
18 Cinnamomum sulphuratum Nees* Lauraceae +
19 Cinnamomum verum J. S. Presl| Lauraceae +
20 croton laccifer L. Euphorbiaceae + +
21 Cryptocarya wightiana Thw. Lauraceae + + +
22 Dillenia pentagyna Roxb. Dilleniaceae +
23 Dimocarpus longan subsp. longan Sapindaceae + + + + + + + +
24 Diospyros assimilis Bedd. Ebenaceae
25 Diospyros ebenum J.Koenig ex Retz. Ebenaceae + + +
26 Diospyros paniculata Dalzell* Ebenaceae + +
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Diospyros spp.

Dipterocarpus indicus Bedd.*

Drypetes oblongifolia (Bedd.) Airy Shaw*
Dysoxylum malabaricum Bedd. ex C. DC.*
Erythroxylum spp.

Ficus nervosa B.Heyne ex Roth.

Garcinia gummi-gutta (L.) Robs.*
Garcinia indica (Thouars) Choisy.*
Glochidion ellipticum Wight

Gordonia obtusa Wall. ex Wight & Arn.*
Grewia tiliifolia Vahl. var. tilifolia
Holigarna arnottiana Hook.f. *

Holigarna grahamii (Wight) Kurz*

Hopea canarensis Hole

Hopea parviflora Bedd.*

Hopea ponga (Dennst.) Mabb.*
Humboldtia brunonis Wall. *
Hydnocarpus pentandra (Buch.-Ham.) Oken*
Ixora brachiata Roxb.*

Kingiodendron pinnatum (DC.)Harms*
Knema attenuata (Hook. fil. & Thoms.) Warb.*
Ligustrum perrottetii A.DC.*

Litsea bourdillonii Gamble*

Litsea floribunda (Bl.) Gamble *

Litsea mysorensis Gamble*
Lophopetalum wightianum Arn.
Macaranga indica Wight

Mallotus philippensis (Lam.) Mll.Arg.
Mangifera indica L.

Meiogyne pannosa (Dalzell) J. Sinclair*

Ebenaceae
Dipterocarpaceae
Putranjivaceae
Meliaceae
Erythroxylaceae
Moraceae
Clusiaceae
Clusiaceae
Phyllanthaceae
Theaceae
Malvaceae
Anacardiaceae
Anacardiaceae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Fabaceae
Flacourtiaceae
Rubiaceae
Fabaceae
Myristicaceae
Oleaceae
Lauraceae
Lauraceae
Lauraceae
Celastraceae
Euphorbiaceae
Euphorbiaceae
Anacardiaceae
Annonaceae
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57
58
59
60
61
62
63
64

65
66
67
68
69
70
71
72
73
74
75
76
77

78
79
80
81
82
83
84
85

Memecylon umbellatum Burm. f.
Mesua ferrea L.

Mimusops elengi L.

Murraya paniculata (L.) Jacq.
Miyristica dactyloides Gaertn.
Myristica malabarica Lam.*

Neolitsea zeylanica (Nees & T. Nees) Merr.
Nothapodytes nimmoniana (J. Grah.) D.J.
Mabberley

Nothopegia beddomei Gamble

Nothopegia travancorica Bedd. ex Hook. f.*
Olea dioica Roxb.

Palaquium ellipticum (Dalzell) Baill.*
Persea macrantha (Nees) Kosterm.
Psychotria spp.

Psydrax umbellata (Wight)Bridson

Rapanea wightiana (Wall. ex DC.) Mez
Schefflera spp.

Schefflera wallichiana (Wight & Arn.) Harms
Semecarpus travancorica Bedd.*

Spondias pinnata (L. f.) Kurz

Symplocos cochinchinensis (Lour.) S.Moore ssp.

lauriana (Retz.) Noot.

Syzygium cumini (L.) Skeels

Syzygium densiflorum Wall. ex Wt. & Arn.*
Syzygium gardneri Thw.

Syzigium spp.

Terminalia bellirica (Gaertn.) Roxb.
Terminalia travancorensis Wight & Arn.*
Vateria Indica L.*

Vitex altissima L.f.

Melastomataceae
Calophyllaceae
Sapotaceae
Rutaceae
Myristicaceae
Myristicaceae

Lauraceae
Stemonuraceae

Anacardiaceae
Anacardiaceae
Oleaceae
Sapotaceae
Lauraceae
Rubiaceae
Rubiaceae
Myrsinaceae
Araliaceae
Araliaceae
Anacardiaceae
Anacardiaceae

Symplocaceae

Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Combretaceae
Combretaceae
Dipterocarpaceae
Lamiaceae

+ + 4+ +

+ +
+ +
+
+ +
+ + +
+ +
+
+ + + + +
+
+
+
+
+
+
+ + +
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Annexure 3: Species list of Brahmagiri Wildlife Sanctuary

BA

SI.LNo Name of the species Family Total (m?/ha) \Y]] Ct/ha
1 Acrocarpus fraxinifolius Arn. Fabaceae 9 2.27 4.87 153.390
2 Actinodaphne bourdillonii Gamble Lauraceae 3 0.04 1.46 0.445
3 Aglaia simplicifolia (Bedd.) Harms Meliaceae 26 1.94 7.16  106.652
4 Agrostistachys borneansis Becc. Euphorbiaceae 6 0.07 1.48 1.418
5 Alstonia scholaris (L.) R. Br. Apocynaceae 1 0.01 0.48 0.390
6 Antiaris toxicaria (Pers.) Leschen. Moraceae 1 0.08 0.55 1.245
7 Antidesma menasu (Tul.) Miqg. ex Muell.-Arg. Phyllanthaceae 4 0.29 1.12 4.954
8 Aphanamixis polystachya (Wall.) R. N. Parker Meliaceae 1 0.03 0.50 0.419
9 Aporosa cardiosperma (Gaertn.) Merr. Phyllanthaceae 1 0.02 0.49 0.195
10  Artocarpus hirsutus Lam. Moraceae 10 2.78 5.17 86.835
11  Atalantia monophylla (Roxb.) A. DC. Rutaceae 17 0.22 3.59 5.602
12 Baccaurea courtalensis Muell.-Arg. Phyllanthaceae 9 0.13 2.23 4.002
13 Bischofia javanica Blume Phyllanthaceae 20 2.85 7.45 106.721
14  Bridelia retusa (L.) A.Juss. Phyllanthaceae 1 0.01 0.48 0.069
15 Calophyllum apetalum Willd. Calophyllaceae 10 1.71 5.11  84.789
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
44

Canarium strictum Roxb.

Carallia brachiata (Lour.) Merr.

Caryota urens L.

Chukrasia tabularis A. Juss.
Cinnamomum riparium Gamble
Cinnamomum sulphuratum Nees
Dalbergia latifolia Roxb.

Dillenia pentagyna Roxb.

Dimocarpus longan subsp. longan
Diospyros assimilis Bedd.

Diospyros ebenum J.Koenig ex Retz.
Diospyros nilagirica Bedd.

Diospyros pruriens Dalzell

Diospyros sylvatica Roxb.

Dipterocarpus indicus Bedd.

Drypetes venusta (Wight) Pax & K.Hoffm.
Dysoxylum malabaricum Bedd. ex C. DC.
Elaeocarpus serratus L.

Elaeocarpus tuberculatus Roxb.

Ficus virens W. T. Aiton

Garcinia gummi-gutta (L.) Robs.

Garcinia indica (Thouars) Choisy.
Glochidion candolleanum (Wight & Arn.)Chakrab. &

M.Gangop

Glochidion malabaricum (Mull.Arg.) Bedd.
Glycosmis macrocarpa Wight

Harpullia arborea (Blanco) Radlk.

Heynea trijuga Roxb.

Holigarna arnottiana Wall. ex Hook. f.

Holigarna grahamii (Wight) Kurz.

Bursearaceae
Rhizophoraceae
Arecaceae
Meliaceae
Lauraceae
Lauraceae
Fabaceae
Dilleniaceae
Sapindaceae
Ebenaceae
Ebenaceae
Ebenaceae
Ebenaceae
Ebenaceae
Dipterocarpaceae
Putranjivaceae
Meliaceae
Elaeocarpaceae
Elaeocarpaceae
Moraceae
Clusiaceae

Clusiaceae

Euphorbiaceae
Euphorbiaceae
Rutaceae
Sapindaceae
Meliaceae
Anacardiaceae

Anacardiaceae

12
18

NN 0NN W

= N U1 0 =

0.26
0.54
0.09
0.82
1.34
1.60
0.25
0.14
5.25
0.06
1.18
0.20
2.12
0.45
1.56
0.90
1.58
0.22
0.10
1.58
0.19
0.39

1.19

0.95
0.02
0.41
3.11
0.12
0.04

1.45
2.79
1.04
2.85
5.30
5.54
1.21
1.09
11.73
0.65
6.03
1.75
4.47
2.82
5.36
4.18
4.25
1.30
0.69
2.27
1.84
2.28

2.78

3.00
0.49
2.78
4.96
1.07
0.52

2.852
18.975
1.003
30.660
49.904
13.214
8.647
3.334
191.064
3.069
53.535
6.647
139.739
9.997
70.752
45.847
61.087
3.275
1.363
43.056
4.445
12.637

15.691

13.666
0.275
12.356
140.792
3.934
0.648
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

Hopea parviflora Bedd.

Hopea ponga (Dennst.) D.J. Mabberley

Hopea utilis (Bedd.) Bole

Humboldtia brunonis Wall.

Ixora brachiata Roxb.

Kingiodendron pinnatum (DC.)Harms

Knema attenuata (Hook. fil. & Thoms.) Warb.
Lagerstroemia microcarpa Wight

Lannea coromandelica (Houtt.) Merr.

Ligustrum perrottetii A.DC

Litsea floribunda (Bl.) Gamble

Litsea spp.

Lophopetalum wightianum Arn.

Macaranga indica Wt.

Persea macrantha (Nees) Kosterm.

Mangifera indica L.

Meliosma simplicifolia (Roxb.) Walp. ssp. Simplicifoli
Memecylon randeriana S.M. Almeida & M.R. Almeida
Mesua ferrea L.

Mimusops elengi L.

Murraya paniculata (L.) Jacg.

Myristica malabarica Lam.

Nothapodytes nimmoniana (J. Grah.) D.J. Mabberley
Nothopegia beddomei Gamble

Nothopegia travancorica Bedd. ex Hook. f.
Nothopegia heyneana (J. Hk.) Gamble var. heyneana
Olea dioica Roxb.

Palaquium ellipticum (Dalzell) Baill.

Phyllanthus emblica L.

Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Fabaceae
Rubiaceae
Fabaceae
Myristicaceae
Lythraceae
Anacardiaceae
Lauraceae
Lauraceae
Lauraceae
Celastraceae
Euphorbiaceae
Lauraceae

Anacardiaceae
Sabiaceae

Melastomaceae

Calophyllaceae
Sapotaceae
Rutaceae
Myristicaceae
Stemonuraceae
Anacardiaceae
Anacardiaceae
Anacardiaceae
Oleaceae
Sapotaceae

Phyllanthaceae

[any

8.55
0.60
0.08
0.46
0.02
2.58
0.41
4.79
0.47
2.05
0.96
0.77
5.57
0.62
2.50
0.33
0.34
1.99
1.88
1.14
0.06
1.19
0.32
0.05
0.36
0.08
3.88
2.03
0.31

14.68
2.62
0.56
3.64
0.61
6.54
4.27

10.15
2.15
6.19
3.35
1.63

11.38
3.94
4.18
1.88
1.52
3.52
4.24
2.95
0.54
6.95
221
1.00
1.31
1.01

15.96
4.15
0.80

522.112
25.957
3.783
14.597
0.469
81.835
14.760
169.605
8.399
25.586
42.461
5.759
118.304
12.251
84.857
9.542
3.439
86.119
104.878
17.706
1.772
29.988
4.931
1.037
1.868
11.506
93.106
44.168
15.100
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74
75
76
77
78
79
80

81
82
83
84
85
86
87
88
89
90
91
92
93
94

Polyalthia fragrans (Dalzell) Hook. f. & Thomson
Psydrax umbellata (Wight) Bridson

Pterygota alata (Roxb.) R. Br.

Sapindus emarginata Vahl

Scolopia crenata (Wight & Arn.) Clos

Semecarpus auriculata Bedd.

Sterculia guttata Roxb.

Stereospermum colais (Buch.-Ham. ex Dillw.) D. L.

Mabberley

Symplocos cochinchinensis var laurinia
Symplocos racemosa Roxb.

Syzygium gardneri Thw.

Syzigium spp.

Tabernaemontana gamblei Subramanyam & A.N. Henry
Terminalia coriacea (Roxb.) Wight & Arn.

Toona ciliata M. Roem.

Vateria indica L.

Vepris bilocularis (Wight & Arn.) Engl.

Vernonia arborea Buch.-Ham.

Vitex altissima L.f.

Xanthophyllum arnottianum Wight
Zanthoxylum rhetsa (Roxb.) DC.

Annonaceae
Rubiaceae
Malvaceae
Sapindaceae
Salicaceae
Anacardiaceae

Malvaceae

Bignoniaceae
Symplocaceae
Symplocaceae
Myrtaceae
Myrtaceae
Apocynaceae
Combretaceae
Meliaceae
Dipterocarpaceae
Rutaceae
Asteraceae
Lamiaceae
Xanthophyllaceae

Rutaceae

0.15
0.19
0.52
0.44
0.32
0.43
0.19

0.31

0.18
0.16
0.63
0.78
0.35
0.07
0.51
0.37
1.27
0.48
2.01
0.74
0.01

0.74
2.07
2.87
1.17
1.51
1.15
0.68

2.18

0.78
0.99
3.47
3.89
1.32
0.88
1.49
1.45
9.52
2.36
4.60
3.83
0.48

2.440
3.490
19.617
10.869
8.174
10.933
8.409

4.385

1.629
1.449
13.206
31.653
8.581
0.956
14.272
12.314
36.294
3.236
87.522
16.663
0.078
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Annexure 4: Species list of Pushpagiri Wildlife Sanctuary

SI.LNo Name of the species Family Total BA (m?/ha) Y] Ct/ha
1 Actinodaphne bourdillonii Gamble.* Lauraceae 5 0.11 2.18 3.130
2 Aglaia elaeagnoidea (A. Juss.) Benth.* Meliaceae 7 0.23 1.88 10.140
3 Aglaia simplicifolia (Bedd.) Harms.* Meliaceae 14 0.49 3.79 12126
4 Agrostistachys borneansis Becc. Euphorbiaceae 3 0.51 1.77  15.544
5 Antidesma menasu (Tul.) Mig. ex Muell.-Arg. Phyllanthaceae 0.02 0.50  0.285
6  Antidesma montanum Blume. Phyllanthaceae 0.04 0.53  1.033
7 Aporosa lindleyana (Wight) Baill. Euphorbiaceae 14 0.47 4.48 9.680
8 Archidendron bigeminum (L.)I.C.Nielsen Mimosoideae 0.33 1.89 5.426
9 Artocarpus heterophyllus Lam. Moraceae 0.32 1.52 13.476
10 Artocarpus hirsutus Lam.* Moraceae 11 1.57 5.63 39.636
11 Calophyllum apetalum Willd.* Callophyllaceae 8 0.98 3.03 50.142
12 Carallia brachiata (Lour.) Merr. Rhizophoraceae 1 0.24 0.81 20.987
13 Caryota urens L. Arecaceae 3 0.26 1.44 5.831
14  Celtis philippensis wightii (Planch.) E. Soepadmo Cannabaceae 2 0.16 0.82 5.295
15  Chionanthus mala-elengi (Dennst.) P.S.Green Oleaceae 21 0.47 497  8.989
16  Chukrasia tabularis A. Juss. Meliaceae 1 0.02 0.50 0.240
17 Cinnamomum malabatrum (Burm. f.) Pres|* Lauraceae 28 0.74 6.91 17.966
18 Cinnamomum sulphuratum Nees* Lauraceae 1 0.01 0.49 0.048
19 Cinnamomum verum J. S. Presl| Lauraceae 1 0.32 0.91 10.343
20 Croton laccifer L. Euphorbiaceae 3 0.04 1.13 0.287
21 Cryptocarya wightiana Thw. Lauraceae 4 0.13 1.73 3.863
22 Dillenia pentagyna Roxb. Dilleniaceae 1 0.17 0.71 4.502
23 Dimocarpus longan subsp. longan Sapindaceae 28 2.31 9.78 77.623
24  Diospyros assimilis Bedd. Ebenaceae 1 0.08 0.59 4.211
25  Diospyros ebenum J.Koenig ex Retz. Ebenaceae 3 0.08 1.54 2.685
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Diospyros paniculata Dalzell*

Diospyros spp.

Dipterocarpus indicus Bedd.*

Drypetes oblongifolia (Bedd.) Airy Shaw*
Dysoxylum malabaricum Bedd. ex C. DC.*
Erythroxylum spp.

Ficus nervosa B.Heyne ex Roth.

Garcinia gummi-gutta (L.) Robs.*
Garcinia indica (Thouars) Choisy.*
Glochidion ellipticum Wight

Gordonia obtusa Wall. ex Wight & Arn.*
Grewia tiliifolia Vahl. var. tilifolia
Holigarna arnottiana Hook.f. *

Holigarna grahamii (Wight) Kurz*

Hopea canarensis Hole

Hopea parviflora Bedd.*

Hopea ponga (Dennst.) Mabb.*
Humboldtia brunonis Wall. *
Hydnocarpus pentandra (Buch.-Ham.) Oken*
Ixora brachiata Roxb.*

Kingiodendron pinnatum (DC.)Harms*
Knema attenuata (Hook. fil. & Thoms.) Warb.*
Ligustrum perrottetii A.DC.*

Litsea bourdillonii Gamble*

Litseq floribunda (Bl.) Gamble *

Litsea mysorensis Gamble*
Lophopetalum wightianum Arn.
Macaranga indica Wight

Mallotus philippensis (Lam.) Mull.Arg.
Mangifera indica L.

Meiogyne pannosa (Dalzell) J. Sinclair*

Ebenaceae
Ebenaceae
Dipterocarpaceae
Putranjivaceae
Meliaceae
Erythroxylaceae
Moraceae
Clusiaceae
Clusiaceae
Phyllanthaceae
Theaceae
Malvaceae
Anacardiaceae
Anacardiaceae
Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Fabaceae
Flacourtiaceae
Rubiaceae
Fabaceae
Myristicaceae
Oleaceae
Lauraceae
Lauraceae
Lauraceae
Celastraceae
Euphorbiaceae
Euphorbiaceae
Anacardiaceae
Annonaceae

24

10
10
25

23
30

35
19
13
11

0.22
0.52
0.57
0.53
0.13
0.02
5.43
0.78
0.52
0.27
0.14
0.73
4.22
0.24
3.26
1.36
1.89
0.02
2.14
0.83
233
0.06
0.16
0.06
0.39
1.45
2.69
0.54
0.59
0.27
0.52

1.86
3.35
2.94
1.44
1.62
0.50
9.37
5.40
3.23
3.72
1.76
1.47

12.27
1.53
6.40
4.51
7.41
0.50
3.89
5.71
8.97
1.04
1.67
0.56
2.33
8.38
7.08
4.81
2.50
0.84
2.14

9.592
15.397
15.299
28.046

3.642

0.416

186.950
18.627
20.879

6.238

1.998

5.559

135.525
7.942
183.096
105.514
65.060

0.623
63.481
12.798
88.076

5.727

2.990

0.508
23.911
25.586
67.479

8.500
12.904

9.215
23.830
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

77

78
79
80
81
82
83
84
85

Memecylon umbellatum Burm. f.

Mesua ferrea L.

Mimusops elengi L.

Murraya paniculata (L.) Jacq.

Miyristica dactyloides Gaertn.

Myristica malabarica Lam.*

Neolitsea zeylanica (Nees & T. Nees) Merr.
Nothapodytes nimmoniana (). Grah.) D.J. Mabberley
Nothopegia beddomei Gamble

Nothopegia travancorica Bedd. ex Hook. f.*
Olea dioica Roxb.

Palaquium ellipticum (Dalzell) Baill. *

Persea macrantha (Nees) Kosterm.
Psychotria spp.

Psydrax umbellata (Wight)Bridson

Rapanea wightiana (Wall. ex DC.) Mez
Schefflera spp.

Schefflera wallichiana (Wight & Arn.) Harms
Semecarpus travancorica Bedd.*

Spondias pinnata (L. f.) Kurz

Symplocos cochinchinensis (Lour.) S.Moore ssp. lauriana (Retz.)

Noot.

Syzigium spp.

Syzygium cumini (L.) Skeels

Syzygium densiflorum Wall. ex Wt. & Arn.*
Syzygium gardneri Thw.

Terminalia bellirica (Gaertn.) Roxb.
Terminalia travancorensis Wight & Arn.*
Vateria Indica L.*

Vitex altissima L.f.

Melastomataceae

Calophyllaceae
Sapotaceae
Rutaceae
Myristicaceae
Myristicaceae
Lauraceae
Stemonuraceae
Anacardiaceae
Anacardiaceae
Oleaceae
Sapotaceae
Lauraceae
Rubiaceae
Rubiaceae
Myrsinaceae
Araliaceae
Araliaceae
Anacardiaceae
Anacardiaceae

Symplocaceae

Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Combretaceae
Combretaceae

Dipterocarpaceae

Lamiaceae

14

32
22
19

20
25

14
10
37

0.28
1.00
1.45
0.03
1.77
1.22
0.46
0.54
0.09
0.33
1.40
10.93
1.02
0.02
0.20
0.11
0.11
0.01
0.67
0.16

0.11

0.81
0.51
243
0.04
0.84
0.78
1.06
1.43

3.15 5.205
245 92.188
486 85.964
0.63 0.475
9.17 56.157
7.56  29.227
4.00 4.691
3.14 17.239
1.20 3.521
201 12371
8.53  44.633
20.92 474.452
6.53  26.006
0.50 0.149
1.84 3.010
1.95 1.480
0.99 0.609
0.49 0.071
3.09 12.879
1.30 2.075
0.63 4.354
219 27.299
3.83 4.681
9.22  74.098
1.60 0.689
2,59  50.063
419 38.386
4.09 33.348
8.59  49.718
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Appendix 5: Regeneration species across Elevational Gradients of Brahamagiri Wildlife Sanctuary, Kodagu, Karnataka

Elevation(m)

SI.No Name of the speceis Family 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 Density
1 Acrocarpus fraxinifolius Arn. Fabaceae + 1
2 Aglaia simplicifolia (Bedd.) Harms* Meliaceae + + + 4
3 Aporosa lindleyanaa (Wight) Baill. Euphorbiaceae + 2
4 Atalantia monophylla (Roxb.) A. DC. Rutaceae + + + + + 48
5 Baccaurea courtalensis Muell.-Arg.* Phyllanthaceae + 1
6 Calophyllum inophyllum L. Calophyllaceae +
7 Caryota urens L. Arecaceae + + + 3
8 Cinnamommum spp. Lauraceae + + + + + + 28
9 Cinnamomum riparium Lauraceae + + + + + 21
10 Coffea arabica L. Rubiaceae + 2
11 Dalbergia spp. Fabaceae +
12 Dimocarpus longan subsp. longan Sapindaceae + + + + + + + 38
13 Diospyros ebenum J.Koenig ex Retz. Ebenaceae + + 8
14 Diospyros spp. Ebenaceae + + + + + + + + 57
15 Dipterocarpus indicus Bedd. Dipterocarpaceae + + +
16  Elaeocarpus serratus L. Elaeocarpaceae +
17  Garcinia gummi-gutta (L.) Robs. Clusiaceae + + +
18  Glochidion ellipticum Wight Euphorbiaceae +
19 Drypetes venusta (Wight) Pax & K.Hoffm.  Putranjivaceae + + + + + + 51
20  Hopea parviflora Bedd. Dipterocarpaceae + 12
21 Humboldtia brunonis Wall. Fabaceae + + + 7
22 Ixora spp. Rubiaceae + + 14
23 Kingiodendron pinnatum (DC.)Harms Fabaceae + + + + + + + + + + 47
24 Lagerstroemia lanceolata Wall. Lythraceae + 3
25 Litsea floribunda (Bl.) Gamble Lauraceae + +
26 Lophopetalum wightianum Celastraceae + 20
27 Persea Macrantha (Nees) Kosterm Lauraceae +
28  Mangifera indica L. Anacardiaceae + + 3
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29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Mimusops elengi L.
Murraya paniculata (L.) Jacq.
Myristica malabarica Lam.

Nothopegia travancorica Bedd. ex Hook.

f.

Olea dioica Roxb.

Palaquium ellipticum (Dalzell) Baill.
Phyllanthus emblica L.

Pittosporum tetraspermum Wight & Arn.

Psychotria spp.

Scolopia crenata (Wight & Arn.) Clos
Sterculia alata Roxb.

Symplocos cochinchinensis var laurinia
Syzygium gardneri Thw.

Syzigium spp.

Toona ciliata M. Roem.

Unknown

Vernonia arborea Buch.-Ham.

Vitex altissima L.f.

Sapotaceae
Rutaceae
Myristicaceae

Anacardiaceae

Oleaceae
Sapotaceae
Phyllanthaceae
Pittosporaceae
Rubiaceae
Salicaceae
Malvaceae
Symplocaceae
Myrtaceae
Myrtaceae

Meliaceae

Asteraceae
Lamiaceae
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Appendix 6: Regeneration tree species across Elevational Gradients of Pushpagiri Wildlife Sanctuary, Kodagu, Karnataka

Elevation(m)

SI.No Name of the species Family 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 Density
1 Actinodaphne bourdillonii Gamble.* Lauraceae + + + + + 20
2 Chionanthus mala-elengi (Dennst.) N N 5

P.S.Green Oleaceae

3 Cinnamomum riparium Gamble Lauraceae + + + + + + + 12
4 Cinnamomum spp. Lauraceae + 3
5 Cinnamomum sulphuratum Nees* Lauraceae + 16
6 Dimocarpus longan subsp. longan Sapindaceae + 43
7 Diospyros ebenum J.Koenig ex Retz. Ebenaceae + + + + + + + 64
8 Garcinia gummi-gutta (L.) Robs.* Clusiaceae + 6
9 Glochidion ellipticum Wight Phyllanthaceae + +
10 Holigarna arnottiana Hook.f. * Anacardiaceae + + + + + + + + 43
11 Hopea parviflora Bedd.* Dipterocarpaceae + + 3
12 Hopea ponga (Dennst.) Mabb.* Dipterocarpaceae + + 7
13 Ixora brachiata Roxb.* Rubiaceae + + + 11
14 Kingiodendron pinnatum (DC.)Harms* Fabaceae + + o+ o+ o+ o+ 4 62
15 [itsea mysorensis Gamble* Lauraceae + + + 27
16 Memecylon randeriana Melastomataceae + + + + + 10
17 Mimusops elengi L. Sapotaceae + + + 4
18 Murraya spp. Rutaceae + + + + 17
19 Myristica dactyloides Gaertn. Myristicaceae + 1
20 Myristica malabarica Lam.* Myristicaceae + + 12
21 Neolitsea zeylanica (Nees & T. Nees) Merr.  Lauraceae + + 6
22 Nothopegia spp. Anacardiaceae + + + + + + 45
23 Olea dioica Roxb. Oleaceae + 1
24 palaquium ellipticum (Dalzell) Baill.* Sapotaceae + 8
25 Raphanea striata Myrsinaceae + 1
26 Symplocos cochinchinensis (Lour.) S.Moore

Symplocaceae + 1

ssp. lauriana (Retz.) Noot.
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27
28
29
30

Syzygium cumini (L.) Skeels
Syzygium gardneri Thw.
Terminalia spp.

Vitex altissima L.f.

Myrtaceae
Myrtaceae
Combretaceae
Lamiaceae
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