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CHAPTER 1 

GENERAL INTRODUCTION 

1.1. Tropical Forests 

Tropical forests are equatorial and characterised by closed canopy of 40-50 m heighted 

vegetation stratified into trees, shrubs, woody climbers and herbs that experiences variable 

temperatures, high humidity and more than 100 cm of annual rainfall. These forests are an extra 

ordinary repository of biodiversity and releases 40% of earth’s oxygen (Champion 2006). This 

is directly proportional to the amount of world carbon sink. These forests regulate and nourish 

the river systems and agrobiodiverse regions of the major population on earth. In brief, the 

amenities provided by the tropical forests are classified into productive (timber, fibre, fuelwood 

and nontimber forest products), environmental (climate regulation, carbon sequestration and 

storage, reserve of biodiversity, soil and water conservation) and social (subsistence for local 

populations and cultures) services (Montagnini and Jordan 2005). 

The factors behind the high diversity in the tropical forests has always raised several 

questions that intrigue ecologists. Community is assemblage of many groups of interbreeding 

individuals (or populations) that live in the same place at the same time (Stiling 2012) and 

community ecology focuses on factors that influence the number of species in an area. Among 

major hypotheses that explain the species diversity, Ecological time theory (Birks 1980) 

assumed that all communities likely to diversify in time and that older communities therefore 

have more species than younger ones. According to Rosenzweig (1995) and Terborgh (1973) 

the availability of widespread tropics explains the richness. Strong (1974) supported this 

‘species area hypothesis’ by recording high insect species richness with larger host tree range 

in Britain. The theory of climatic stability (Klopfer 1959) presumes in similar direction that 

because of the relative constancy of resources, tropics with stable climates allow finer 

specializations and adaptations than regions with erratic climate. This results in developing 

diverse smaller niches with a greater number of species occupying in unit habitat area. 

Competition for resources turn to be the most important factor that presumably drives evolution 

in the tropics, whereas, natural selection at higher latitudes are controlled by drought and cold, 

as per the competition hypothesis (Dobzhansky 1950). Fischer (1960) argued that the high 

diversity of species in the tropics are due to high availability of “ecologic niches”. The spatial 
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heterogeneity theory or niche-assembly theory (Hubbell 2001; Tilman 2004; Chase 2005; 

Mutshinda 2009) suggests that, in the tropics, the environment is more physically complex and 

heterogeneous to support diverse plant animal communities. This heterogeneous nature may 

be interpreted as patterns of rainfall, temperature, humidity and biological interactions in the 

ecosystem. But, based on ‘dispersal theory’ (Hubbell 2001), seeds happened to reach a 

particular location rather than microhabitat (niche) determines distribution of species. Conditt 

et al. (2002) contradicted this by arguing only early and mid- successional species that do not 

require particular environment may be distributed this way. The predation hypothesis (Paine 

1966), however, suggests that the high number of predators and parasites in tropics could keep 

the prey base lower in such a way that reduces competition between and among them. This 

would in turn allow addition and co-existence of new predators in the system. Based on the 

‘Productivity hypothesis’ (Connell and Orias 1964) that explains the apparent correlation 

between high primary productivity and high diversity in ecosystems, greater primary 

production results in greater diversity. The intermediate disturbance hypothesis (Connell 1978) 

suggests maximum diversity is in ecosystems that are subjected to intermediate disturbances. 

Molino (2001) found that diversity in the forests of French Guiana was higher in places where 

tree falls and selective cuts occurred. However, studies on the high species diversity in the 

tropics is not thoroughly addressed and convincingly explained. Further, any mechanism that 

makes species abundances distribution more even or spatial pattern more regular also 

contributes towards species coexistence (He and Legendre 2002). 

The performance or the stability of the community thought to be influenced by species 

diversity (richness). A stable community changes little with time and, therefore, is more stable 

with higher species richness (Elton 1958). Tilman (1996) successfully established a link 

between plant species richness and community biomass stability. As an alternative to this 

diversity-stability hypothesis proposed by Elton, redundancy hypothesis (Walker 1992) gained 

more supportive evidences from recent studies. In this case, species can compensate for each 

other in a community and loss of species affects community performance only when the species 

is of critical importance (for example, keystone or flagship species). This argument 

interestingly becomes a base for recent “Anthropocene enthusiasts” in embracing 

Anthropocene transformation and claiming associated change is not equivalent to loss. Human 

assisted dispersal of non-native species does not brake ecological processes and in turn 

increases diversity according to this hypothesis by Thomas (2017). In light of these hypotheses, 

species is the basic unit used to study interactions in a community. 
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1.1.1. Spatial pattern of Species Diversity 

‘Numbers of species’ are one out of several definitions of biodiversity. The term 

biodiversity is organized into three levels based on characteristics in space and time 

(Beierkuhnlein 1999) and they are species, structures and functions. A realistic number of total 

numbers of all species on earth is 10 million but the figure may be a factor by ten greater 

(Groombridge 1992; Heywood and Watson 1995).  The Biodiversity is mostly quantified using 

the well-known and well used Shannon-Weiner Index (Shannon and Weaver 1949). With the 

help of this diversity index, H’ abundance and dominance characteristics of plant communities 

can be understood but not the characteristics of individual species. Pileou (1966) introduced 

evenness to describe the uniformity of species distribution in a habitat. However, a spatial 

inclusive concept was derived by Whittaker (1962, 1972 and 1977) and according to this, the 

measures of diversity are: Alpha (α) diversity (discrete number of species within habitats of 

limited area), beta (β) diversity (also called species turnover because dimensionless 

comparative number of species in different units of vegetation and habitats and it may also be 

used to measure number of species in the same habitat over time), gamma (γ) diversity (a 

discrete number of species in a larger space) and delta (δ) diversity (the functional equivalent 

of beta diversity but at higher organizational level of landscape). The diversity of species may 

be described in terms of distribution in available space as well, for example, cosmopolitan or 

endemic. Those species occupying large spaces and act as a cover or protection for others are 

called umbrella species (e.g. Tiger) and those that are particularly favoured over a space are 

called flagship species (e.g. Orchids).  The structural diversity of landscapes, geodiversity 

(diversity of abiotic systems, Leser and Nagel 1998) are also important for biodiversity. The 

regional properties and local process (for example, dispersion, competition etc) vary along 

environment gradients (for example, slope aspect) and creates locally regulated patterns of 

species diversity (Huston 1999). The natural heterogeneity or man-made fragments 

contributes to diversity, and in transitional areas (ecotones) diversity changes for species as 

well as for structures. In a tropical forest, diversity of structures is very wide with life forms 

(Figure 1.1). Important structural characteristics of a plant are leaf form and branching. Mostly, 

trees in tropical forests have straight boles with branches starting near the crown to favour 

sunlight (Turner 2004). In a vegetation with closed canopy, diversity of structural ensemble is 

high depending upon the number of layers or strata, type of canopy or intertwining with liana 

occurs.  Functional diversity/groups are species with comparable physiological behaviour 

(e.g. C3 and C4 plants), similar morphology (e.g. stem succulent bottle trees, lianas) 
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temporal niches (e.g.  spring geophytes, pluviotherophytes), similar distribution syndromes 

(e.g. anemochory, zoochory) and form similar patterns of spatial distribution (e.g. dominant 

species, marginal species). However, it is not easy to identify and study such functional 

groups of plants in natural habitats (Beierkuhnlein and Schulte 2000). But, comparatively, 

fauna is rather easily grouped into guilds and based on demands on resources or their effect 

in system, plants are grouped into plant functional types. On a temporal scale, diversity of 

species, structures and functions can be influenced by type, intensity and frequency of 

disturbance. 

 
Figure 1.1. Structural complexity of tropical rainforest (Source: Rainforest explorer). 

Species in their habitats may be distributed with respect to several structural or 

functional parameters. The difference in this would be distinct for different species in a 

community and known as pattern or ‘a distinctive form’ (Webster 1989) in a community. The 

pattern of species distribution in geographical or spatial and temporal scale is dynamic, 

evolving and changing. The establishment of a species is the outcome of dispersal of 

propagules and the growing site that is geographically limited is called area, i.e., spatial 

distribution (Schulze et al., 2002) of species. Spatial pattern is important as far as species is 

concerned as they are single realization of a process or a combination of process at a given time 

(Fortin et al., 2003). Two goals of the science of spatial distribution are: to recognise types, 

characteristic patterns of distribution and to define their organisation (Merxmuller 1952, 1953 

and 1954; Meusel et al., 1965 and 1978); secondly, to explain the development of patterns of 

distribution (Walter and Straka 1970). Developing patterns in an area may depend on dispersal 
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mechanisms of participating species, rates of reproduction, competitiveness etc. Connor and 

Simberloff (1979) argued the establishment of a species occurs stochastically without 

competition but influenced by factors of dispersal. However, Grime (1979) and Tilman (1988) 

explained time would be the most important factor that direct the course of strategies of plant 

establishment. An initial stochastic but later deterministic establishment of species regulated 

by environment was proposed in the island of Rakata (Whittaker and Jones 1994). Ecologists 

need to identify how many species (and individuals) can live in a certain space and what if any 

interactions exist between number of species and size of the area (species area interaction). 

Due to isolation and restricted area, limited habitats and similar climate, islands have been a 

lab to test the development of patterns of distribution. The Island Biogeography steady state 

theory (Preston 1962; MacArthur and Wilson 1963, 1967) proposed that ‘small islands have 

smaller numbers of species than large islands; islands near to the mainland (source pool) have 

more species than those further away and a faster turnover rate; an island near the mainland 

returns faster to the steady state after the interferences than one further away’. Most tropical 

forests are highly fragmented and with minimum anthropogenic disturbance, Porembski et al., 

(1995) confirmed increase in number of species with increasing area. In the tropical rainforest 

of Malaysia species area curve showed saturation of species with increasing area as big as 50ha 

(May and Stumpf 2000). Rosenzweig (1995) and Condit et al. (1996) recorded accumulation 

of species with area beyond 50ha in tropical forests. Therefore, this model explained island 

habitats or forest fragments with sharp borders from its surroundings. Simberloff and Wilson 

(1969) primarily proved the hypothesis in islands of the Florida Keys but disagreed only on the 

high turnover rate. 

1.1.2. Spatial distribution of Biodiversity in Ecological research 

Spatial characteristics of biodiversity are patterns of distribution of individuals, species, 

genera, communities and ecosystems (Schulz et al., 2002). Species richness is the best measure 

to determine biodiversity of an area (Gaston 1996). The number of species per unit of area may 

be termed as species richness. It is not uniform across spatial scales such as altitude, latitude 

or longitude, landscape and regional heterogeneous habitats. The general pattern for species 

richness is reported to be increasing from polar to tropical regions (Willig et al., 2003; 

Hillebrand 2004) regardless of taxonomic affiliation or geographic position. The increasing 

trend of species richness with decreasing latitude is observed at three spatial scales: broad 

climatic zones, arbitrary geographic subdivision such as quadrats or bands of the earth’s surface 

(Kaufman 1995) and local ecological communities. The vast geographic area with more 
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homogeneous environment (temperature and incident solar radiation) allows more speciation 

and less extinction rates. Moreover, large geographic extent not only permits species to have 

more populations or populations of larger size to reduce the chances of extinction by 

environmental disturbances. These areas also experience more geological events thus create 

geological barriers and hence allopathic speciation (Terborgh 1973; Rosenzweig 1995). On the 

other hand, Rohde (1992) suggested a mechanism wherein temperature, a latitudinal correlate 

actually promotes diversification and speciation rate. Recently, speciation rate has been 

combined with extinction rates explained by the diversification rate hypothesis, which posits 

that speciation rates will be greater and that extinction rates will be lower in the decreasing 

latitudes or tropics. In concert, these mechanisms result in greater diversification rates (i.e., 

speciation rate minus extinction rate) in the tropics and result in the tropics being both a 

“cradle” and a “museum” of diversity (Chown and Gaston 2000; Fine 2015). For planktonic 

foraminiferans, temperature affects speciation rates, contributing to the latitudinal gradient of 

species richness (Escarguel et al., 2008). Similarly, diversification rates of swallowtail 

butterflies increase with temperature (Condamine et al., 2012). In addition, gradients of 

swallowtail species richness have closely tracked changes in temperature through evolutionary 

time regardless of latitude. However, there was no relationship (direct or indirect) found 

between latitude and speciation rates in birds (Bromham and Cardillo 2003). Based on meta-

analysis of 111 phylogenies from mammals, birds, insects and flowering plants, climatic 

dynamics through evolutionary time and effective evolutionary time, rather than evolutionary 

speed per se, may contribute to latitudinal gradients of species richness (Fine 2015). According 

to Rapoport-rescue hypothesis (Stevens 1989, 1992), rescue effect is a phenomenon whereby 

local extinction of a population, often in sink or marginal habitats, is prevented because of 

immigration of individuals from high quality or source habitats. Since species range size 

decrease from high to low latitude, they are pre-disposed to having greater rescue effect areas 

relative to range areas. This inflates species richness in tropical areas, generating the latitudinal 

gradient of diversity. However, Rohde et al. (1993), Roy et al. (1994), Willig and Lyons (1998) 

observed this pattern is far from universal. One of the newer ideas to explain latitudinal 

gradients in biodiversity is the geographic constraints hypothesis (Colwell and Hurtt 1994; 

Willig and Lyons 1998). Geographic constraints may affect patterns of species distribution 

within a domain, creating modal patterns of biodiversity in the middle of the domain (i.e., the 

mid-domain effect; Colwell and Lees 2000). Within the context of latitudinal gradients, this 

hypothesis would consider peak biodiversity in the tropics to be a consequence of the bounded 
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nature of terrestrial and aquatic habitats.  General latitudinal patterns for aspects of biodiversity 

other than species richness have not been well established (Willig and Presley 2017). 

Generally, species richness declines with increase in altitude that claimed to mirror the 

latitudinal gradient effect (MacArthur 1972; Brown and Gibson 1983; Brown 1988; Begon et 

al., 1990; Rohde 1992; Stevens 1992). In recent years, diversity patterns against altitudes have 

been categorized into four major patterns. The most common pattern is a unimodal curve with 

high richness at intermediate altitudes, which accounts for about 50% of previous studies. 

Another common pattern is a monotonically decreasing curve with increasing elevation, found 

in about 25% of previous studies. Monotonically increasing or no obvious trend with increasing 

elevation accounts for another 25% of previous studies. In a close examination of 204 data sets 

on elevation and species richness Rahbek (2005) classified patterns into monotonically 

decreasing; horizontal, then decreasing; hump shaped; increasing or other. An upward shift 

along altitude has been predicted for species diversity with increase in temperatures (Bertrand 

et al., 2011; Dullinger et al., 2012; Kulonen et al., 2018). Furthermore, Steinbauer et al. (2018) 

recently found that across Europe, the increase in species richness in the mountains is 

accelerated five times between 2007 and 2016 compared to 1957 and 1966, synchronized with 

accelerated global warming. In terms of ecosystem patterns of diversity, forests are by far the 

most frequently studied system (49 %), followed by agricultural systems (16 %), prairie, steppe 

or grassland ecosystems (11 %) and scrub/shrublands (6 %) (Tews et al., 2003). While the term 

‘habitat’ is usually defined as a dominant vegetation formation, e.g. forest, meadow or wetland 

(Ricklefs and Miller 1999), the definition and meaning of ‘habitat heterogeneity’ varies 

considerably. ‘Habitat diversity’ has been more widely used in the literature of the 1960-1970s, 

whereas ‘habitat heterogeneity’ was more common in the 1980-1990s. On the smallest spatial 

scale, the diversity of a species measured is the result of individual behaviour, i.e., habitat 

selection, and of course sampling chance. Here, rarefaction is a widely used statistical method 

to scale down to the same number of individuals between habitats (Sanders 1968; Hurlbert 

1971). On larger spatial scales species diversity depends on, e.g. the size of the regional species 

pool and evolutionary history. Considering these aspects, the measurement of species diversity 

is always a snapshot and results may vary even for similar habitats. Environmental 

heterogeneity in the form of spatial variation in habitat and local climate can affect species 

distribution and hence species turnover/beta diversity (Bazzaz 1975). Furthermore, correlations 

between species diversity and habitat heterogeneity in different locations are subject to 

equilibrium and non-equilibrium dynamics. For example, if species diversity patterns show 
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year-to-year variations this will have great implications for across study comparison (Wiens 

1994). The type of correlation between species diversity and habitat heterogeneity will vary 

according to the species group and the spatial scale where habitat heterogeneity is measured. 

Further, the finesse of handling the scale effects such as, grain i.e., size of the common 

analytical unit (Scheiner 2003) and extent i.e., the geographical space over which comparisons 

are made (Willig et al., 2003) can make patterns that are fundamentally different from actual 

patterns of species richness. When the spatial scale is too large, even a high value of habitat 

heterogeneity measured for a certain area will not indicate the presence of a structural aspect 

occurring on a smaller scale (e.g. a deadwood). As a consequence, the effects of high habitat 

heterogeneity for a species may vary at specific spatial scales.  Tews et al. (2004) observed 

many such peaks for species and infer that these peaks indicate a ‘keystone structure’ of the 

vegetation, a distinct spatial structure providing resources, shelter or ‘goods and services’ 

crucial for other species. For example, canopy epiphytes. Small-scale (vertical or horizontal) 

architectural complexity /heterogeneity shown to be important in studies of arboreal arthropods 

(Halaj et al., 2000), web spiders (Greenstone 1984), grasshoppers (Davidowitz and Rosenzweig 

1998), epigaeic beetles (Romero-Alcaraz and Avila 2000) and Drosophilids (Tanabe et al., 

2001). The spatial heterogeneity of, specifically, canopy in the tropics is rather a new subject 

and may easily be addressed with the help of a specific group such as Orchids. Bird studies 

largely confirmed that vegetation physiognomy positively influences species diversity. Poulsen 

(2002) suggest that particularly in forests, vertical partitioning of resources and nesting sites 

facilitates guild diversity. The spatial pattern of faunal or floral diversity in a vertical scale may 

corresponds to the architectural heterogeneity of the vegetation or canopy. Structural diversity 

of canopy received little attention until 1950’s and forest canopy still remained as the last 

frontier of biological research on the planet (Wilson 1991) to be explored. 

1.1.3. Canopy as a scale- Spatial structure and diversity patterns 

Forest Canopy, a structurally complex and ecologically critical sub system of the forest 

may be defined as the “blend of all foliage, twigs, fine branches, their joining flora and fauna, 

the interstices (air) and their environment” (Parker 1995; Moffett 2000). The spatial structure 

of canopy and resultant diversity patterns are not yet understood in detail. The canopy change 

in structure and function at different time scales and, remains dynamic. The structure of canopy 

which is a result of spatial heterogeneity of a stand may be attributed to different ages of trees, 

succession events, gaps (Bourgeron 1983), predation of dispersed seeds (Janzen 1970), recent 
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and historic land use practices (Jordon 1987; Saldarriaga 1987; Scott 1987; Unruh 1991) or 

topographic heterogeneity (Lieberman and Lieberman 1994). Vertical stratification (Richards 

et al., 1996) proposes predictable vertical components such as forest leaves, branchlets, 

epiphytes and other structures, species or individual organisms into distinct horizons, layers or 

gradients (Smith 1973; Johansson 1974). However, Moffett (2000) defined it as any non-

uniform vertical distribution within vegetation, which can be continuous or discontinuous. In 

discontinuous, various layers may be called strata. Stratification augments light utilization, Co2 

concentration, pollination and dispersal. This reduces predation on flowers, fruits and leaves 

by herbivores; and increases structural integrity of the forest (Smith 1973). The structural 

complexity of canopies makes a diverse array of ‘microenvironments’ for the biota that are 

directly or indirectly associated with them (Parker 1995). Natural forest gaps and edges are 

usually associated with long term forest dynamics (Hartshorn 1978; Pickett and White 1985; 

Lertzman et al., 1996) as well. Height of the canopy and tree size adds more to vertical 

organization of structure and diversify the microclimate therein. Typical tree structures that are 

vertically organized are leaves, flowers, fruits, branches, trunks, butts, roots and deadwood. 

Each contributes to the formation of microhabitats at different levels. Increasing branch and 

specialization into primary, secondary, tertiary branches to twigs increases size and more 

complex structure, so linked with higher diversity and abundance of fauna and flora (Clement 

and Shaw 1999; Nieder et al., 2001). 

The formation of a highly advanced micro environment has to be examined to depict 

the associated diversity in the canopy. Leaf characteristics such as size, shape, mass, 

inclination, chlorophyll content, nitrogen content, carbon content and photosynthetic rate may 

vary within a tree crown along micro environmental gradients (Cermak 1998). Two end points 

of the gradient are, sun (exposed) leaves which are denser, compact and with high 

photosynthetic rate whereas lower end has shade leaves which are thin, large with lower 

photosynthetic capacity. These leaves are characterised by having a smaller number of stomata 

and are more horizontally oriented to maximize light reception (Holbrook and Lund 1995; 

Kozlowsky and Pallardy 1997). The three-dimensional micro environment/climate (light, 

humidity, temperature and wind) is spatially heterogeneous in a vertical gradient. Whereas, 

little spatial variation exists in the amount of solar radiation received over a defined horizontal 

surface. The average intra-canopy temperature falls within 24° C to 27°C (Lauer 1989) and 

ground-level temperatures remain about 0.5° C and 2.5°C cooler than the canopy (Szarzynski 

and Anhuf 2001) for undisturbed equatorial forests. Relative humidity (RH) tends to be higher 
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near the forest floor of evergreen forest with closed canopy where temperatures are lowest 

(Madigosky and Watnick 2000). The spatial and temporal distribution of relative humidity near 

the upper boundary layer of canopy is highly variable. The difference in RH at upper boundary 

and forest floor varies by 5 to 20 % percent (Windsor 1990) depending on individual site 

characteristics such as canopy architecture, leaf density and other related features. The 

roughness or irregularity of upper boundary layer is important in determining the extent of air 

flow into the lower reaches of the canopy (Madigosky and Vatnick 2000). Light gaps by tree 

fall or topographic erosion may cause small scale temperature anomalies resulting in horizontal 

pressure difference and effect air movement or wind. Formation of gaps plays an important 

role in resource allocation, altering microclimate dynamics and determining how resources are 

distributed in the canopy. The events that follows a gap formation in the canopy is important 

and may vary with structural complexity or architectural tree models (Halle 1978). Further, 

canopy trap, use and transport precipitation on both temporal and spatial scales. In a rainforest, 

much of the rainfall, even during the monsoons, never reaches the forest floor. Instead, it is 

intercepted or reserved on leafy vegetation for short duration, absorbed by plants, or evaporated 

from the intra-canopy thus creating a microclimate. 

Arboreality is particularly well developed among vertebrates in tropical rainforest 

where three out of four species are fully or partly arboreal (Kays and Allison 2001).  In tropical 

forests vertical stratification by birds are more prominent than temperate forests (Winkler and 

Preleuthner 2001) and structure emerges as a key feature in forest avian ecology and habitat 

selection (Karr 1989). Amongst mammals, few studies on bats says, their canopy stratification 

is related to density of vegetation, food type and location, foraging behaviour, time of day, and 

roost locations (Wilson 1989; Wunder and Carey 1996; Kalcounis et al., 1999; Hayes and 

Gruver 2000; Kalko and Handley 2001). Large primates use higher forest layers eating fruits 

and leaves, being less susceptible to aerial predators. Whereas smaller monkeys stay in lower 

canopy and understory which provides insects, vertical support such as lianas and protection 

from aerial predators (Youlatos and Gasc 2001). Vertical stratification in the canopy was 

mostly studied for arthropods (Papageorgius 1975; De Vries 1988; Sutton 1989; Schulze et al., 

2001). An explanation for invertebrate diversity is that, due to the growth of mechanically 

dependent plants in the canopy, capture of organic materials and nutrients increases and thereby 

development of canopy soil and this becomes a habitat for invertebrates (Nadkarni 1994). This 

points towards the vast diversity of epiphytes (plants depend on ‘phorophytes’ solely for 

mechanical support) in the tropical canopy. Further, most mechanically dependent plants 
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exhibit strong vertical stratification along environmental and substrate gradients (McCune et 

al., 2000). Mendez Castro et al. (2018) discussed biogeographical theory on epiphyte islands 

in canopy and emphasized size of epiphytic plants (canopy islands), spatial position and 

isolation influenced the diversity and composition of spider communities in Central Veracruz, 

Mexico. This highlights the importance of pattern and size of epiphytes in the canopy. The 

potential to, regulate the intra canopy environment, support arboreal faunal diversity, show 

spatial pattern with respect to vertical stratification, become an indicator group of climate 

change due to high specificity towards microenvironment makes epiphytes an interesting 

subject of research in canopy spatial ecology. Nadkarni (1994) aptly called epiphytes as 

‘keystone resources’ due to their functional diversity in the forest canopies. 

1.2. Present study in the context of Epiphytes of the Western Ghats 

1.2.1. The Western Ghats 

The Western Ghats has been identified as one of the biodiversity hotspots along with 

Sri Lanka (Mittermier et al., 2004) with dominant biome tropical moist broadleaf forests. The 

high species diversity and endemism in these evergreen forests are due to favourable climate, 

its origin, geological past, climate, impact of monsoon, anthropological activities and 

topographic heterogeneity (Pascal et al., 2004; Krishnan and Ramesh 2005). Nayar (1996) 

attributes high endemism among plants to formation of mosaic of ecological islands, niches 

and habitat heterogeneity due to latitudinal positions and altitudinal gradients with its rainfall 

patterns of south-west and north-east monsoons, changes of climate due to the number of dry 

months on the leeward side of the mountain, the Deccan Plateau, the presence of mosaic soil 

types and soil nutrients. However, the conservation status of only less than 32 % of endemic 

woody plants has been assessed (Page 2017). High endemism of amphibians (80 %), reptiles 

(62 %), fish (53 %) and mammals (12 %) also contributes to high diversity in the Western 

Ghats (Daniels 2001). A number of research (Vahid 1927; Richards et al., 1939; Richards 1952; 

Krishnaswamy et al., 1957; Khan 1961) enquired influence of topographical, climatic gradients 

on patterns of vegetation prior to Champion and Seth (1968). A couple of studies on the 

vegetation of the Western Ghats attempted detailed classification, based on climatic conditions 

(Champion and Seth 1968) or plant composition (Richards et al., 1939; Subramanyam and Nair 

2001) or types of evergreen forests (Pascal 1988). The affinity of flora and fauna of the Western 

Ghats to Indo-Malayan elements (Lakshminarayana et al., 2002) supported Satpura hypothesis 
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(Hora 1949) which stated once continuous corridor of tropical evergreen forests from Eastern 

Himalaya to Vindhya-Satpura range of hills acted as a bridge for species. 

The Western Ghats first came under human influences during the Palaeolithic or old 

stone age some 12000 years ago ex. mesolithic sites (12,000-5000 YBP) around the river 

Mandovi, Goa. Charcoal beds dating back to 5000 YBP in Thenmalai (southern Western Ghats) 

suggest that humans burnt forests around this time. During the new Stone Age (5000-3000 

YBP) there were domesticated cattle, sheep and goats in and around the Western Ghats. With 

the expansion of shifting cultivation primary forests declined in the Western Ghats in 3000-

2000 YBP. It was towards 400 YBP trade of forest resources became well organized, most 

likely with the colonization. But people in different places identified the need of conservation 

and started setting up more community conservation areas in the recent past (200-100 YBP) 

(Chandran 1997). Extended arid periods and human interference starting 12,000 years before 

present, led to slow but extensive transformation of habitats in and around the Western Ghats. 

Unique landscape elements such as the Myristica swamps gave way to cultivation of rice. The 

first teak plantation in Kerala was established in Nilambur in 1844. The impact of monocultures 

(Eucalyptus, Coffee, Tea, Wattle, Rubber, Clove and Oil Palm) on natural forests and the 

biodiversity of the Western Ghats has been little understood. Apart from the introduction of 

commercially important plants, there have been invasions by a number of aggressive alien plant 

species. Those hills that have been preferred locations of British colonialists (e.g. Palani hills, 

Nilgiri hills) have around 400-500 introduced species. In selectively logged evergreen forests, 

the woody plant species diversity has declined. This has been accompanied by the selective 

loss of certain plant species of greater economic value and an overall reduction in forest 

biomass (Chandran 1997). 

At present, the Western Ghats have the highest protected area coverage on the Indian 

mainland (15%) in the form of 20 National Parks and 68 Sanctuaries (ENVIS 2017). Effective 

management of native forests requires information on the type of vegetation, extent, 

evolutionary history, ecological processes and functional role in a larger scale (Parkes et al., 

2003). Information on these aspects with species richness, interactions, habitats and utilization 

of resources, structure of community, economic and ethno-botanical prospects are important in 

setting up Conservation areas. National Parks (NP) are any area, whether within a sanctuary or 

not, can be notified by the state government to be constituted as a National Park, by reason of 

its ecological, faunal, floral, geomorphological, or zoological association or importance, 

needed to for the purpose of protecting and propagating or developing wildlife therein or its 
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environment; strictly protected areas with no human activity, sometimes to preserve a 

population of single species, with tourism, buffer and core zones. Whereas, Wildlife 

Sanctuaries (WLS) are any area other than area comprised with any reserve forest or the 

territorial waters can be notified by the State Government to constitute as a sanctuary if such 

area is of adequate ecological, faunal, floral, geomorphological, natural or zoological 

significance, for the purpose of protecting, propagating or developing wildlife or its 

environment. Some restricted human activities are allowed inside the Sanctuary (ENVIS 2017). 

Although large area under protection, these forests are highly fragmented, water resources are 

depleted and species abundances is declined due to damming, mining, exploitation of resources 

for crops, medicines, industrial products and expansion of population and agriculture. Further, 

global warming likely to increase rainfall up to 15 % in most of the Western Ghats but in erratic 

patterns (Aggarwal 2008; Chaturvedi et al., 2010). Ravindranath et al. (2006) predicts the wet 

vegetation of the Western Ghats would change to tropical dry forests by 2085. Because, the 

tropical rain forests on the windward side of the Western Ghats have no marked summer and 

winter seasons but wet and dry seasons and seasonal changes of temperature are quite 

insignificant in relations to variations in rainfall (Richards 1952). It is obvious that man made 

changes coupled with global warming increases threats to the diversity of the Western Ghats. 

Therefore, it is important to study the function and structure of tropical forests at different 

scales to develop effective conservation practices. 

1.2.2. Significance of research on epiphytes 

Most tropical forests support many tons of suspended vegetation per hectare, up to, one-

third of the local vascular flora (Gentry and Dodson 1987a; Freiberg and Freiberg 2000; Hsu 

et al., 2002). The Western Ghats also supports epiphytes that may diverse in form and structure 

but share ecological characters. For example, groups such as pteridophytes, mosses, fungi, 

lichens, algae and Orchidaceae may find grow in the same region sharing same niche space 

with different resource harvest mechanisms. Since, no comprehensive study has ever been 

made, data is lacking on available epiphytes from the Western Ghats. Orchidaceae is well 

studied in terms of taxonomy and endemism (Grant 1895; Pradhan 1976, 1979; Rao 1979; 

Abraham and Vatsala 1981; Kumar and Sasidharan 1986; Joseph 1987; Kumar and Manilal 

1994; Banerji 1996; Kumar et al., 2001). Observations on the epiphytic flora of the Silent 

Valley (Kumar and Sequiera 1999), mycorrhizae of epiphytic and terrestrial orchids of 

Kodaikanal Tropical forest (Raman and Nagarajan 1999), diversity and distribution of 

herbaceous vascular epiphytes in a tropical evergreen forest at Varagalaiar (Annaselvam and 
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Parthasarathy 2001), a pioneer work on seed morphometry of epiphytic orchids from the 

Western Ghats (Swamy et al., 2004), epiphyte host relationship of macrolichens in Silent 

Valley (Sequiera and Kumar 2008), eiphytic orchid diversity in farmer managed Soppinabetta 

forests (Sinu et al., 2011),  are the available ecological studies on epiphytes of the Western 

Ghats. Apart from these, minor research reports on pteridophytes, Balsaminaceae and fungi 

were also found. It points towards a deep void in the understanding of the ecology of epiphytes 

in the Western Ghats. 

Global research on vascular epiphytes shows that they are extra ordinarily adaptive, 

unique to forest canopy habitat, and occur in great abundances. This representation is usually 

related to variations in the local environment, climate (Johansson 1974) and resultant high 

niche diversification (terSteege and Cornelissen 1989). Therefore, the selection of habitat and 

climate by epiphytes may closely be interconnected. In the tropics, climate is the most reliable 

predictor for epiphyte diversity according to Vandunne (2002). Thus, Influence of 

environmental factors including climate and topographic features on epiphytes in different 

spatial scale is a question of importance. Champion and Seth (1968) had observed that 

epiphytes have a characteristic type of development for each forest types. They further suggest, 

this results from their water economy featured by xeromorphic features, dependency on light 

intensity for pollination and dispersal, utilization of atmospheric humidity and absorption of 

precipitation in the canopy or through stem flow. The evergreen forests in the Western Ghats 

are more or less homogeneous from south to 15° 30’N but, further structural complexity 

decreases in order to adapt to the prolonged dry period in the north (Pascal 1988). In the 

southern most region floristic richness is the highest with species to low tolerance to dryness. 

So, the wet evergreen forests may offer the most valuable conditions for epiphytes as regards 

moisture but light intensity is low. Or semi evergreen might be favourable in respect of both 

requirements (Champion and Seth 1968). Therefore, the question of diversity, distribution and 

habitat preference of epiphytes across different spatial scale is too relevant to be explored. 

In a horizontal or vertical scale (or larger habitat type or vertical stand), the combined 

effects of disturbance, scattered substrates, and high seed mobility probably foster coexistence 

of mixed populations of epiphytes (Benzing 1981; Catling and Leftkovitch 1989). In an 

epiphyte community, species-specific need for rooting media, tolerances for exposure and 

humidity, differences in the wettability of bark, the patchwork distributions of rain shadows 

and stem flow channels, uneven physical/chemical conditioning by weather or previous 

occupants may form habitat heterogeneity. Epiphytes also vary in their capacity to moderate 
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canopy substrates for other users. Bromeliads accumulate wet humus thereby creating rooting 

media and root mass of orchid, Immatophyllum palmatum provide nest site for new ant colony 

(Catling 1995). Epiphytes maintain interactions with other fauna for dispersal, herbivory or by 

providing space and humidifying the canopy atmosphere (Frieberg 2001; Stuntz et al., 2002) 

and increasing the number of connections among nutrient-containing compartments to 

influence forest structure and function. Co-occuring epiphytes often employ different 

mechanisms for shared lifestyle and sort themselves in space accordingly. The interactions a 

group may maintain with other group of epiphytes (at community level) therefore becomes a 

question to be addressed. On a vertical scale, vertical stratification of vascular epiphytes is 

documented in tropics (Pittendrigh 1948; Richards 1952; Kelly 1985; Benzing 1990; Nieder et 

al., 2000, 2001) but not in the Western Ghats. Forest age, site environmental factors such as 

slope, aspect, proximity to streams, overall moisture availability have an influence on the 

vertical position of epiphytes. Canopy epiphytes tend to make a set of micro habitat and micro 

climatic conditions within the canopy. Epiphytes show specificity not for host species 

(Tremblay et al., 1998) but for host characteristics such as tree architecture (Zotz and Andrade 

2002), bark relief, water retention capacity (Castro Hernandez et al., 1999; Callaway et al., 

2002) and allelopathic components (Frei and Dodson 1972; Benzing 1990). Pittendrigh (1948) 

classified epiphytes into three vertically stratified communities: the exposure, sun and shade 

tolerant groups. Nieder et al.  (2000) revealed vertical stratification of epiphytes could be 

attributed to plants physiological requirement and adaptations. However, horizontal 

distribution is governed by availability of substrates. Epiphyte-host specificity and vertical 

stratification is still a subject to be addressed with the help of empirical data. If epiphytes in 

the Western Ghats followed similar advanced mechanism for their vertical and horizontal 

pattern of distribution characteristics of host, habitat and climate would be extremely important 

in conservation of canopy epiphytes. 

1.2.3. Why study Epiphytic orchids in the Western Ghats? 

A well-developed community of epiphytes can enhance the nutrient trapping capacity 

of a forest ecosystem, increase its storage volume and can act as a nutrient capacitor. In brief, 

epiphytes can vastly increase the functional diversity and complexity of the ecosystem they 

inhabit. Also, the hosting forest becomes more mesophytic with more epiphytes (Benzing 

1990). Studies proved that epiphyte species richness declines (Hietz 1999; Barthlott et al., 

2001; Kromer and Gradstein 2003; Adhikari et al., 2012) and community composition changes 

(Flores-Palacios and Garcia-Franco 2004; Werner et al., 2005) with anthropogenic or other 
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disturbances. In the Western Ghats, functioning of evergreen forests are found similar to semi 

evergreen forests (Pascal 1988). Therefore, some of these forests are in a narrow equilibrium 

with environment. Intense exploitation of any nature would have serious impact and natural 

dynamism to climax formations will be prevented. With increasing threats, large tracts of these 

evergreen forests have already been replaced by secondary deciduous formations if not 

plantations. Since some species of orchids have exhibited a strong response to local 

environmental disturbances and climatic changes (Coates et al., 2006), they have been used as 

biological indicators of an ecosystem’s health (Sydes 1994; Wotavova et al., 2004; Bergman 

et al., 2006; Kull and Hutchings 2006). With the predicted changes in rainfall, temperature 

patterns in the Western Ghats (Ravindranath et al., 2006; Chaturvedi et al., 2011; Sundaresan 

and Patel 2011) the potential of epiphytic orchids to serve as an indicator for health of the 

Western Ghats and specifically, climate change or anthropogenic disturbances is enquired. 

Amongst epiphytes, orchids alone account for more than half of the vascular epiphytes, 

and the family is over two-thirds epiphytic. Orchids are well adapted to epiphytic lifestyle with 

modifications in roots, stems, leaves and seeds. Being a major family in the tropical forests, 

orchids makes major contributions to the forest community they inhabit. The study area is home 

to 310 orchid taxa of which, 118 species are seen nowhere else in the World (Kumar et al., 

2001). In Silent Valley NP, 50 % of total epiphytes recorded are Orchids (Kumar and Manilal 

1992). Orchids are also valued for their horticultural purpose, medicinal value, ethical and 

edible prospects. Therefore, Orchids becomes an interesting group to be studied representing 

epiphytes in the Western Ghats. However, still confusion on the taxonomy of endemic taxa, 

species and sub-species from the region persists. This is also due to the scarcity of detailed 

research in plant taxonomy and expertise. The extensive forests of the Western Ghats become 

a challenge for an ecologist when groups such as Orchids with -thought to be- random 

distribution becomes group in focus. Jalal and Jayanthi (2012) reviewed endemic orchids of 

Peninsular India and claimed 123 species of endemic orchids in the Western Ghats. Apart from 

taxonomic explorations, epiphytic orchid diversity from farmer managed forests in the Western 

Ghats (Sinu et al., 2011), habitat studies of medicinal orchids (Jalal and Rawat 2009), and 

conservation strategies for orchids of Western Himalayas (Jalal 2012) are only existing orchid 

ecology works from India. Due to the over exploitation of natural resources, habitat 

degradation, habitat loss, encroachment etc this diversity is being degraded before even 

identified. Recently, it has been witnessed that the orchid populations have been decreasing 

due to habitat loss and selective removal of certain species for ornamental and medicinal 
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purposes (Huang 2011). In order to have a conservation strategy for specific species or group, 

it is important to know their ecology. In the case of Orchids, ecology is not seriously studied 

from the Western Ghats or even from India.  The Western Ghats accommodates almost fifty 

million people with its resources. This has resulted in huge transformation in landscapes. Most 

humid forests that enjoy significant epiphytes especially, epiphytic orchids have undergone 

irrevocable changes. Since the epiphytes are keystone structures in influencing the dynamics 

and function of a forest community through location and structure and function in the canopy, 

it is important to know the functioning of these systems. The spatial distribution of epiphytic 

orchids in the canopy or in a vertical column on a host could throw light to wide distribution 

of Orchidaceae in the tropics. It is expected that patterns of endemic orchids would be revealed 

as well. The enormous diversity, structural and distribution aspects of epiphytic orchids may 

be explained with the vast microclimatic conditions (rainfall, temperature gradients with 

respect to topographic reliefs) that prevail over the northern, central and southern Western 

Ghats. However, a detailed study of the entire Western Ghats was not feasible during the study. 

Therefore, influence of habitat, host and climate on diversity, spatial distribution and 

community structure of epiphytic orchids was studied in major vegetation types from the 

Western Ghats in Kerala. 

1.2.4. Objectives of the study 

1. To study the pattern of diversity, spatial distribution and community structure of 

epiphytic orchids of southern Western Ghats 

2. To study the Phorophyte specificity of orchids 

3. To assess the influence of selected environmental variables on epiphytic orchids in 

different spatial scale by using suitable empirical models 

4. To investigate the community level ecological interactions of epiphytic orchids with 

other epiphytic plants those are associated 

1.3. Organization of the thesis 

The thesis is organized into six chapters. Chapter 1 presents detailed background to the 

relevance of the research subject by literature survey with national and international relevance 

and statements of significance of the study in the Western Ghats. 

Chapter 2 presents detailed description and introduction of the study area including 

geographic and topographic features, climate, flora and fauna of the Western Ghats and its sub 

divisions in Kerala. It also details development of method and study design. 
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Chapter 3 covers two sessions, A and B. 3A details literature review on diversity, 

distribution and structure of epiphytes, field characterization of scale, analytical methods and 

results of the spatial pattern of diversity, distribution and community structure of epiphytic 

orchids of the Southern Western Ghats. 3B presents literature review on relationship between 

epiphyte and host tree characteristics, field characterization of scale, analysis and results of the 

phorophyte specificity of the orchids. 

Chapter 4 covers literature review on effect of selected environmental factor-climatic 

factors on epiphytes, field characterization of scale, analysis and results of the effects of 

climatic variables on epiphytic orchids in different spatial scale. 

Chapter 5 presents literature review on community network of different groups of 

epiphytes, field classification of units, analytical methods and results of the community level 

ecological interactions of the epiphytic orchids with other associated plants. 

Chapter 6 discuss all major findings and proposes limitations and conservation 

strategies for management of orchids. 
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CHAPTER 2 

STUDY AREA AND METHODS 

2.1. The Western Ghats 

The Western Ghats originally dates back to 250 million years. The geological history 

of the Western Ghats goes back to the time when the earth’s crust was being formed (Mohan 

2005). The 1600 km stretch of the Western Ghats starts from Gujarat, Dangs district known for 

Dang (Bamboo) forests and run extensively (Latitude:8 °-21 ° N; Longitude:73 °-78 ° E) up to 

Cape Comorin in the south passing through many passes such as Tamhini Ghat, Naneghat, 

Tasaraghat and Palakkad Gap. Geologically, two categories of rock: Pre-cambrian and Basaltic 

lava flows of the Deccan are found. Of pre-cambrian rocks that are devoid of fossils, Dharwar 

system is well represented on the Karnataka Plateau. Peninsular gneiss, a mixture of gneiss and 

intrusive granites is dominant only between 11 °N and 14 °N. The reliefs of the Palnis and 

Nilgiris, southern border of Coorg (13 °N) are formed of charnockites and further extended up 

to Shencottah (9 °N). It is followed by Khondalites to the south of 9°N. Secondly, Deccan trap 

an area of 500,000 sq. km extends remarkably horizontally to the north of Goa with trapped 

basaltic lava. Further, recent sedimentary rocks such as Quilon beds and Warkalli beds are seen 

in Coastal Kerala. The soil types of the Western Ghats broadly fall into laterite and alluvial 

with vast array of variations in form and structure across western belt and southern coasts 

(Gunnell and Radhakrishna 2001). The Western Ghats covers a total of 1.6 lakhs kilo meter 

spanning across six states of India. The total geographical area of the Western Ghats represents 

4% of India’s region with torrential rainfall 2000-6000 mm/year which experiences monsoon 

and tropical climate with high variation in wind speed. The climate shows two rainfall gradients 

and a temperature gradient (Ramesh 2001). There is a distinct transition between hot, humid 

coastal zone to the more elevated, wet, cooler, less humid edge of the Decca Plateau (Bourgeon 

1989). A major portion of the Wet evergreen, Semi evergreen and Littoral and swamp forests 

lies in the windward (Puyravaud et al., 2003) whereas Dry deciduous and Thorny scrub are 

major forest types (Champion and Seth 1968) in the leeward or eastern side of the Western 

Ghats. The climatic gradients are characterized by monsoon patterns, thermic convectional 

rainfall and influence of reliefs. Furthermore, vegetation is influenced by Incident light 

intensity-and with-it temperature, wind- which depends on aspect (facing slope) and gradient 

of the micro relief just as major topography. The altitude gradient ranges between 35 and 2680 



35 
 

above Mean Sea Level (MSL). Pascal (1988) categorized Western Ghats into three regions: 

The Northern Western Ghats, the Central Western Ghats and the Southern Western Ghats 

(Figure 2.1). 

i) Northern Western Ghats (Tapti to Goa): The northern Western Ghats of 600km are 

popularly known as Sahyadris (21 °N-14 °N). The most homogeneous aspects of the Ghat 

(steps of a staircase) found in this region. Erosion acted upon the Basaltic outpourings and 

created slopes into steps. The northern portion of the narrow coastal plain between the Western 

Ghats and the Arabian Sea is known as the Konkan Coast. The major peaks in Northern 

Western Ghats are Kalsubai (1645 MSL), Mahabaleshwar (1438 MSL) and Harishchandragad 

(1424 MSL). On these slopes, insolation is highest on easterly and SE aspects in the morning 

whereas westerly and SW aspects receive maximum in the afternoon. In higher latitudes, 

steepness of slope calls off the effects of the lower altitude of the sun on a south aspect but 

accentuates it on a north aspect. All these differences affect vegetation in the form of soil 

moisture. Soil is shallow and quickly dries and the forest type carried becomes drier. The major 

vegetation is identified as scrub forest, dry and moist deciduous forest (Karthikeyan 1996). The 

intensity of several factors (microclimate) may vary over a given area and result a mosaic of 

different vegetation. For example, on the slopes of Mahabaleswar rare patches of semi 

evergreen forests are found. The mean annual rainfall varies from 2000 - 7000 mm. The 

humidity is 70 – 90 % during the monsoons and 10 – 30 % during dry periods. The mean annual 

temperature varies from 20° - 24 °C. 

ii) Central Western Ghats (Goa to Nilgiri Mountains): The southern sector of Goa (14 

°N-11 °N) is composed of Pre-cambrian, crystalline hard rocks formed of granites, schists, 

gneisses, quarzites etc (Pascal 1988; Vajravelu and Vivekannanthan 1996). The Ghats becomes 

steeper with irregular heights with Kudremukh (1892 MSL) Agumbe (600 MSL) and 

Banasuram (2060 MSL) towards the edge of the Wayanad Plateau. The Western Ghats in this 

section are very close to the coast and at once touches the shore (Karwar) and called Kanara. 

Annual rainfall varies from 4000 mm to 8000 mm. Annual rainfall is highest in the Western 

Ghats section and lowest in the eastern parts of Chitradurga towards the leeward side. Agumbe 

receives highest rainfall (8270 mm) in this sector followed by Bhagamandala (6032 mm). The 

mean annual temperature varies from 18° - 20 °C. The vegetation occurring along the Central 

Western Ghats can be classified as: tropical evergreen forest, semi-evergreen forest, moist 

deciduous forest and the sholas (on the hills of Kudremukh and Pushpagiri ranges). 
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Figure 2.1. Map showing Western Ghats in India showing three regions (Joshi and Karanth 
2013). 

The orographical rainfall gives heavier precipitation near the foot of the hills than on 

coastal plain. The elevation from 400 MSL to 800 MSL, is covered with Dry deciduous, Moist 

deciduous with longer dry season with less than 1500m rainfall. The higher altitudes, 

emphasize the climatic effects of aspect such as differences in incident light, moisture relations, 

soil temperature and wind exposure and results more moister climates with shorter dry season 

that supports evergreen forests especially along stream courses and rich grasslands in between. 

The eastern foothills of the central Karnataka state are known as Malanadu and meets the 

Eastern Ghats at Biligirirangan Hills in Karnataka. 

Towards 11° 30’N, the Western Ghats rise abruptly in the Nilgiri following Biligiri 

hills. Based on floral composition (Subramanyam and Nair 1974), Nilgiris makes an additional 

subdivision of the Western Ghats. Nilgiri Mountains constitute elevated plateau with Dodda 

betta (2637 MSL), Mysore plateau (700-900 MSL) and tectonic reliefs at Bababudan hills 

(1928 MSL). The altitude variations with small range of monthly means of temperature (12.5 

°C to 17.5 °C) lengthens the moist season where the effect of both rainy periods is felt and end 
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up influencing the evergreen and shola (on Bababuden hills) vegetation. The south of Coorg, 

Malabar is as wide as 30km up to Kozhikode and opens up to 60 km in width up to Palghat 

gap. 

iii) Southern Western Ghats- Palghat gap separates the Nilgiri massif from equally high 

and precipitous massif of Anamalai to the south.  The Palghat gap (at 11 °N) is about 30 km 

wide with maximum altitude 300 MSL. Then the Ghats reappear as Anamalai-Palani block 

with the highest point at Anamudi (2695 MSL) followed by Periyar-Elamalai block known as 

Cardamom hills because of plantations. The crest of these hills forms the boundary between 

Kerala and Tamil Nadu. Devar malai (1922 MSL) peaks in the central region and terminated 

to the east creating SW-NE oriented Varushanadu massif. South of Devar malai at about 9 °N, 

the Ghats are once again interrupted at Shencottah pass (at altitude 160 MSL) and continue up 

to 20km before Cape Comorin (Kanyakumari) with highest peak Agasthyamalai (1869 MSL). 

The Southern Western Ghats with the most favourable climatic conditions with high, but not 

excessive, rainfall and short dry season, are the ones with the highest biodiversity and contain 

the highest number of endemic species (Pascal 1988; Ramesh et al., 1991). The rivers at this 

part of the Western Ghats follow straight courses and drainage pattern is straight. Wet 

evergreen forest makes unique types such as dipterocarp forest and Myristica swamps (in 

poorly drained flat terrain inundated throughout the year) in the low elevation. Medium 

elevation evergreen forests differ in species adapted to lower temperatures (16 °-23 °C). The 

crests of the high elevation Ghats constitute grassy rounded tops and forested slopes. The PH 

is 5 (Bourgeon 1989) and the slopes descending from the grass top hills are covered by 

evergreen forests of medium and high elevations. The short heighted forests considered as a 

sub group of Tropical Montane evergreen forest (Meher-Homji 1965) with highly packed 

branched trees and dense undergrowth surrounded by grasslands is called Shola-Grassland 

ecosystem. However, due to the wide distribution of Southern Hilltop/Montane evergreen 

forest that sometimes closely resemble Shola forests, ecologically shola is defined from 1700 

m to upwards stunted forest with distinct profusely branched trees and physiognomy (Bunyan 

et al., 2012). Dry evergreen forest types are seen between Varushanadu and Mahendragiri and 

it is where wet and dry species of the Peninsula meet. Dry deciduous forests are confined to 

the leeward side and types varies with micro topographic features. The first historical and 

biogeographical study from the Western Ghats (Joshi and Karanth 2013) posited that the 

Southern Western Ghats most likely served as refuge during Cretaceous volcanism from which 

species later dispersed northwards. 
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The flow of the 81 rivers in the Western Ghats is significant as the direction of flow 

determined the land use pattern. The west flowing rivers discharges its water into Arabian Sea 

at a quicker flow rate because of the short distance and steepness of land gradient. Whereas, 

the east flowing rivers go through the Deccan Plateau and the plains in Tamil Nadu that nurtures 

several sq. kms of agriculture land. In Kerala, the Ghats retreat inland leaving a fertile coastal 

plain. 

2.2. The Western Ghats in Kerala 

The southernmost state, Kerala comes under the Southern Western Ghats. Kerala with 

a total area of 38,870 sq. km falls in three biogeographic zones, Coast (70 sq. km or .2 % of 

the state), Malabar plains (23500 sq. km or 60.5 %) and the Western Ghats (15300 sq. km or 

39.3 % of the state) (Rodgers and Panwar 1988). Though the state is a narrow stretch of land, 

the forests in its 28 % of land (ISFR 2017) supports great ecological diversity with high rate of 

endemism. The Malabar coasts consist mangrove forests. However, plains are almost 

deforested and the Ghats in Kerala may be divided into sub-divisions based on Rodgers and 

Panwar (1988), (on which classification of India’s ecosystem has been based) for convenience. 

These sub-divisions have physical differences in geology, land form and climate which are 

reflected in differing communities of evergreen forests with distinctive assemblages of endemic 

taxa. 

Wayanad Plateau: 

Wayanad in the northern Kerala is an elevated plateau in the Western Ghats, between 

11°58 'N and 1 I" 30 'N and 75" 45 'E and 76" 28 'E (Antoney 2005). This fair plain is 

surrounded by isolated hills in the southwestern corner and Brahmagiri hills in the northeastern 

corner. But north-eastern sides are flat and open (Wayanad wildlife sanctuary). The name, 

Wayanad is said to be derived from different names like ‘Waynad’ (upper land), ‘Vayalnadu’ 

(land of paddy fields) and ‘Vananad’ (land of forests) (Nair 1911). It is an extension of the 

Deccan plateau to the west, bounded by Coorg and Mysore in the north and east; Nilgiri in the 

south and Malappuram and Calicut in the south west (Antoney 2005). This region is the 

transition zone between the southern Cullenia dominated forest and the drier Dipterocarpus of 

the north (KFD Report 2012). Floristically very rich, the tract has two small Sanctuaries: while 

Aralam Wildlife Sanctuary (WLS) with an extent of 55 sq. km is in Kerala, the Brahmagiri 

WLS is in Karnataka. It is also an integral part of the Nilgiri Biosphere Reserve. The Low (0-

800 MSL) Medium (800-1450 MSL) evergreen forests of Aralam Sanctuary not only harbour 
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the unique Dipterocarpus- Messua-Palaquium vegetation sub-type but also have semi 

evergreen, shola grassland system and wild palms such as Aranga wightii and Pinanga 

dicksonii and an abundance of Calamus spp. Moist deciduous forests are also seen in the lower 

reaches probably developed from degradation of original evergreen forests. Altitude varies 

from 650 m to 1150 m. And temperature varies from 13 °C to 32 °C. Average rainfall is 2000 

mm (KFD Report 1995). 

Upper Nilgiris: 

The Nilgiri landscape is one characterized by marked gradients ranging from the stark 

brown scrub forests of Attapadi in the Palghat Gap to the higher reaches of the Nilgiri 

mountains, evergreen forests of the hill slopes, making way for rolling plateaus of wind-beaten 

sholas and grasslands perched at a height of 2,000 m in the higher reaches of the Nilgiri 

mountains. Further west and to the south, this tableland plunges dramatically into vast 

unbroken stretches of lowland rainforest in the Nilambur Valley, Malabar WLS and Silent 

Valley (Suresh and Sukumar 1999). Only 89 sq. km core zone and 148 sq. km buffer in extent, 

the Silent Valley NP is the Core of the Nilgiri Biosphere Reserve and claims a long unbroken 

ecological history. The flora of the valley is about a 1000 species of flowering plants, 107 

species of orchids, 100 ferns and fern allies, 200 liverworts, 75 lichens and about 200 algae 

(KFD Report 1995). A good majority of plants in Nigiris is endemic to the region and this 

could be due to climatic fluctuations that the plateau has experienced (Sukumar et al., 1995). 

Silent Valley NP can be classified under four forest types viz., Low, Medium and High (>1450 

MSL) evergreen forest and grassland (Ramesh 2001). Average minimum temperature varies 

from 8º to 14ºC and average maximum temperature varies from 23 ºto 29 ºC. Annual average 

rainfall is 2717 to 4543 mm. The terrain is generally undulating with steep escarpments and 

many hillocks. The elevation ranges from 900 to 2,300 above MSL with the highest peak at 

2,383 MSL (Anguinda peak). 

Anamalai hills: 

The Anamalai Hills, an endemic stronghold, face the Nilgiri plateau across the Palghat 
Gap. The topography is complex and causes a great diversity of climate and vegetation type. 
Anamudi (2700 MSL) is the highest peak in the entire Western Ghats. The Palghat Gap has 
isolated the Anamalai Hills resulting in extensive speciation in several plant and animal groups. 
Elevation ranges between 150 and 2500 MSL. Forests extending from lowland Dipterocarp 
communities, medium and high elevation evergreen to wet shola forests to moist and dry 
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deciduous (in Chinnar WLS) formations contain the most varied set of habitats and animal and 
plant species of any region in peninsular India (KFD report 1995). The Upper Pooyankutty 
forest, in the Eravikulam-Chinnar area, comprising part of Malayattor and Anamudi RFs, is in 
one of the highest rainfall areas of Kerala, and has the only extensive low altitude forests (200-
500 MSL) in the Malabar Ghats. The existing Protected Area covers Eravikulam NP, 
Pambadum shola NP, Mathikettan shola, Anamudi shola NP, Chinnar WLS, Parambikkulam 
TR, Peechi-Vazhani WLS and Chimmony WLS. 

Periyar - Cardamom Hills: 

Periyar Tiger Reserve spans the Cardamom Hills around Kumily in the northern 
boundary. To the south of Periyar Tiger Reserve are the Reserved Forests of the Ranni, Konni 
and Achankovil Forest Divisions. On the eastern rain shadow side are the drier forests of 
Srivilliputtur Wildlife Sanctuary and the Reserved Forests of the Tirunelveli Forest Division, 
Tamil Nadu. The Periyar Tiger Reserve with an extent of 777 sq. km is the most well-known 
Protected Area in Kerala in this belt. It has a core area of 350 sq. km. There are vast tracts of 
tropical evergreen Forests (305 sq. km) in addition to semi-evergreen forests, moist deciduous 
forests and savannah grasslands. At the higher altitude’s tropical montane evergreen forests 
with remnants of shola grassland ecosystem are also seen. The altitude varies from 900 to over 
2000 MSL. The area receives abundant rainfall, the average being 2500 mm. The reserve is the 
only known home for the ground orchid Habenaria periyarensis and also shelters many more 
endemic plants. 

Agastyamalai Hills: 

The Agastyamalai Hills are the extreme south of the Western Ghats. Covered with 
typical tropical and sub-tropical evergreen forests, the hills are separated from the northern hill 
forests by the Shenkottah Gap and thus the flora and lesser fauna have many endemic taxa. 
There is a strong biological link to the Sri Lankan forests (Rodger and Panwar 1988). At least 
150 endemic species have been noted in the area. The altitude varies from 100 to 2000 MSL. 
There are several small Sanctuaries in the region; some are contiguous and some are isolated. 
In the Tamil Nadu part, there are two WLS and in the Kerala part there are three. Agasthyamalai 
Biosphere Reserve includes protected areas, WLS such as Neyyar, Peppara and Shenduruney 
and Thenmala forests. The high altitudes possess rich evergreen, shola, grassland systems with 
highly endangered plant wealth like orchids, Paphiopedilum druryi, Pachystoma hirsutum, 

Aenhenrya rotundifolia etc. Mostly semi-evergreen forests, moist deciduous forests, savannah 
grasslands and Myristica swamp forests are also seen in the lower reaches. 
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In Kerala, 3213.24 sq. km is under Protected Area (PA) network comprising 5 National 

Parks, 17 Wildlife Sanctuaries and 1 Community Reserve for Mangroves and 9107.3 sq. km 

under Reserved Forests (Figure 2.2). Kerala possess 5103 species of fauna and 4600 flowering 

plants. Syzygium travancoricum, Gluta travancorica, Trichopus zeylanica are only few of the 

344-endemic floral taxa (Reddy et al., 2007). Wild animals that are found in Kerala include 

elephant, tiger, leopard, gaur, sambar deer, muntjac, lion tailed macaque, slender loris, sloth 

bear, etc. None of the mammal species so far reported is endemic to Kerala. However, birds, 

reptiles and amphibians represent high endemism. 

 

Figure 2.2. Protected Area (PA) network in the Western Ghats of Kerala (Source: WII ENVIS 

2016). 
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2.3. Selected Study sites 

Due to the limited seasonal access and logistics during the study period study sites were 

further narrowed down within the Western Ghats of Kerala. The study sites/PA from above 

discussed geographic subdivisions was selected on the basis of the availability of continuous 

stretch of natural forests with different vegetation types in a gradient of elevation, less 

anthropogenic disturbance, representation of orchids in the forested areas, security and 

heterogenous representation of the Western Ghats in Kerala. The selected study sites are given 

in Table 2.1. 

Table 2.1. Details of the selected study sites in the Western Ghats of Kerala 

Sub divisions 
of Western 

Ghats in 
Kerala 

Name of 
Protected 

Area studied 

Area 
(sq.km) 

Latitude, 
Longitude; 

Altitude 

Climate 

Temp ° 
(C) 

Rainfall 
(mm) 

Wayanad 

Plateau 

Aralam WLS 55 

N 11º54’- 11º59’ 

E 75º47’- 75º57’; 

50-1145 MSL 

8-40 3700-5000 

Paithalmalai 

forests 
1.51 

N 12º09’-12º10’ 

E 75º33’-75º32’; 

1100-1371.6 

MSL 

19-35 NA 

Meppadi 

Forest Range 

(W south) 

 

347.5 

 

N 11º55’ -11º57’ 

E 76º13-76º11’; 

840-900 MSL 

12-35 1500-3000 

Upper Nilgiri 

Hills 

Silent Valley 

NP 
237.52 

N 11º4’ - 11º13’ 

E 76º24’ -76º29’; 

900-2383 MSL 

11-26 2717-4543 

Malabar WLS 74.22 

N 11º75’-11º76’ 

E 76º20’-75º38’; 

2000-3000 MSL 

16-38 

 
2000-3000 

Dhoni 

Reserve 

forests 

(Palakkad) 

235.57 

N 10º51’-10º54’ 

E76º39’-76º42’; 

450-1020 MSL 

20-42 1500-2200 
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Anamalai Hills 

Eravikulam 

NP 
97 

N 100º10’-

100º20’ 

E 77º00’ - 

77º10’; 

1200-2695 MSL 

6-30 2000-2500 

Mathikettan 

Shola NP 
12.817 

N 10º00’ -9º58’ 

E 77º14’-77º14’; 

1500-2400 MSL 

6-30 2000-2500 

Periyar-

Cardamom 

Hills 

Goodrikal 

range (Ranni 

FD) 

NA 

N 9º26’-9º25’ 

E 77º08’- 77º09’; 

921-1050 MSL 

15-31 2500-3000 

Agasthyamalai 

Hills 

Neyyar WLS 128 

N 8º 29’ - 8º37’ 

E 77º8’ - 77º17’; 

90-1100 MSL 

16-35 1200-2800 

Peppara WLS 53 

N 8º34’ -8º 41’ 

E77º6’ -77º14’; 

100-1869 MSL 

16-35 1200-2500 

Shendurunny 

WLS 
171 

N 8º 44 ‘- 9º14’ 

E 76º59’ - 

77º16’; 

100-1550 MSL 

17-35 2600-3000 

Kulathupuzha 

range 

(Thenmala 

FD) 

131.17 

N 8º49’- 8º46’ 

E 77º02’- 77º06’; 

165-600 MSL 

23-35 2600-3000 

 

Further, semi natural or altered forests (Coffee and cardamom plantations) in the 

Wayanad evergreen forests was also studied for the specific objective, ecological interactions 

of epiphytic orchids with other associates. The selection of semi natural habitat is justified 

because the tree species present in these habitats were similar to that of evergreen forests 

(EVEG) with less anthropogenic disturbances and the micro-habitat conditions provided to 

orchids are thought to be same. 
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2.4. Methodology 

2.4.1. Background to the Development of Method 

The major purpose of the present study was to address the ecological aspects of 

diversity, spatial distribution and community structure of epiphytic orchids. Because such an 

attempt was first of its kind in the region a complete lacuna was felt in the area of designing a 

methodology. A massive attempt of literature study yielded 96 peer reviewed ecological 

researches on distribution, diversity patterns of epiphytic orchids across the world. Of which, 

only six research papers are from India indicating huge gap in the ecology of Orchids in the 

subcontinent. Shaw and Bergstrom (1997) suggested a rapid assessment technique for vascular 

epiphytes at forest and regional levels. The survey of oldest trees is representative and can be 

compared. Most of the reviewed researches employed random plots of variable size (Solis-

Montero et al., 2005; Zotz and Bader 2011; Rosa-Manzano et al., 2014), sampling of mature 

trees (O’Malley 2009; Hundera et al., 2013), line transect (Jacquemyn et al., 2007), gradient 

directed transect or gradsects (Evans et al., 2013) or belt transect (Sinu et al., 2011) depending 

on objectives of the study. Further, 232 peer reviewed research works on the structure, 

distribution and community of epiphytes were also studied in detail. In order to address 

different aspects of epiphyte ecology, a variety of approaches are required (Gradstein et al., 

1996; Nieder and Zotz 1998). In a review on methods analysing the structure and dynamics of 

vascular epiphyte communities, Nieder and Zotz (1998) recommended Johansson zonation 

scheme for vertical spatial analysis of epiphyte distribution. They also advised documentation 

in permanent plots on Phorophyte specific epiphyte spectra, relative abundance of epiphytes, 

representative sampling as epiphytes occur clumped. Generally, canopy epiphytes are accessed 

using ladders (McClure 1966), canopy walkways (Lowman and Bouricius 1995), Single Rope 

Technique (SRT) since Perry 1986, sled or skimmer (Lowman et al., 1993) or expensive 

canopy cranes (Parker et al., 1992). Epiphytes are well studied for their vertical stratification 

for specific habitat or specific species of phorophyte/host tree but network of epiphyte-host 

community in a broad spatial scale is seldom addressed. A detailed review of literature is given 

in respective chapters of each study objectives. Following the most used methods in literature 

on ecology of epiphytes, field experiments was carried out to develop a methodology. 

The study started with randomly laid 100X10 m2 quadrats to study the species diversity 

and community organisation of orchids and their phorophytes. The data generated from these 

plots were analysed to standardise the methodology. Although the size was enough to cover 
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maximum number of species of phorophytes, especially in the evergreen forests, orchids 

species recorded from these quadrats were very meagre. This was considered as an indicator 

that orchid species are distributed spatially far apart in their communities. This enforced to 

either increase the sample size (number of quadrats) or modify the quadrat size to increase the 

probability of getting more orchid species and phorophyte species. In the following experiment, 

five quadrates of 10X10 m2 (clustered) have been preferred over single quadrat of 100X10  m2 

covering 0.1 ha. This ensured more accuracy in the data. One 10X10 m2 quadrat was laid at a 

place with a phorophyte supporting at least one individual of orchid and the subsequent 

quadrats were placed at 50m distance in four cardinal directions from the four corners of the 

first quadrat. Site for the next quadrat was selected at least 250 m away from the previous 

quadrat. Plots of 100 x10 m2 (0.6ha) quadrats yielded less data (22.5% Phorophyte) but took 

more effort whereas, Clustered 10x10 m2 (0.42ha) quadrats provided 54.4 % of phorophytes 

with less effort. Since the study sites were distributed in five biogeographic subdivisions of the 

Western Ghats in Kerala, the sampling effort had to be done in favourable months. Due to the 

time-consuming nature of clustered quadrats a new method was tested. Thus, selective tree 

scanning (to ensure representation of vertical distribution and diversity of orchids) on linear 

line transects (to enable spatial scaling of orchids in heterogeneous habitats) was developed 

based on Sampling of vascular epiphyte richness and abundance (SVERA) (Wolf et al., 2009) 

and line transects (Jacquemyn et al., 2007). The initial analysis showed that species diversity 

and abundance of orchids were well recorded in a gradient by this method compared to previous 

methods. 

2.4.2. Linear Line Transect with Selective Tree Scanning Method (LLTSTS) 

The selective tree scanning method is based on line transects across spatial units in a 

linear direction. The line transects plaid in linear direction avoided repetition in sampling units. 

Sampling was on a plotless basis as performed based on the presence of epiphytic orchids.  A 

line transect was laid after finding a host tree with at least three individuals of orchids on it. 

This approach was to explore relationship between phorophyte characteristics and epiphytic 

orchid diversity. The host tree was treated as another habitat or unit and within tree distribution 

(Ochsner 1935; Johansson 1974) was also studied. Then, the next tree/neighbour was selected 

at the 10th meter point from the first individual and the data pertaining to orchids and 

phorophyte characteristics were noted down. This assured the randomness in sample selection. 

This was repeated until data collected from a total of 10 individual trees from each line transect 

(Fig 2.3). Although this may slightly bias the sample (Clark and Evans 1954), it requires less 
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time than truly random choice and is practical for mapping purposes (Cottam and Curtis 1956). 

Data on three levels of sampling were taken from each transect. Data on habitat characteristics 

such as the habitat type based on major vegetation associations, the degree of slope and its 

aspect (face), proximity to water sources were collected. The host tree characteristics such as 

species, height, size (girth at breast height GBH), bark type and crown cover have been 

recorded.  Data on the substrate (immediate surrounding) characteristics of orchids were 

recorded such as orchid species, abundance, position on tree and substratum, height (H’) at 

which orchid grows on its phorophyte, girth of substratum, orientation and canopy soil. 

 

Figure 2.3. Schematic representation of LLTSTS method 

2.4.3. Design – Sampling Strategy 

Different sites were visited for data during December 2014 to December 2017. The 

study area has been treated as zones for convenience and each zone was extensively sampled 

with the assistance of consultant, forest guards or tribal watchers. 

Epiphytic orchids are defined as ‘orchids that are strictly epiphytic, that exist non-

parasitically, living on any above ground surface and growing either partly or entirely into the 

air, into suspended soil, or in woody debris (Richards 1996; Moffett 2000). Lower altitude class 

(0-800 MSL), Mid altitude class (801-1600 MSL), and High-altitude class (1601-2400 MSL) 

were the zones of altitude and 8° N- 10° N, 10° 01’N°-12° N, and 12° 01’ N-12°50’ N were 

the latitude zones, which cover the entire area of the Western Ghats in Kerala. Evergreen 

 

Host tree 1

Linear line transects with 
selective tree scanning 

         10m 

Min 100m

Transect 1 
Transect 2 

Host tree 10 
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(EVEG), Montane/Southern Hilltop EVEG (MEVEG-EVEG between 1400 MSL to 1700 

MSL), Semi-Evergreen (SEVG), Shola (SHLA), Moist Deciduous (MDEC), Savannah 

(SVNA) and Semi-natural Plantations (SNPL) were the habitats identified (Plate 2.1 and 2.2) 

for the study henceforth habitats will be mentioned with abbreviations. Selective tree scanning 

was carried out in these spatial units by laying line transects of at least 100 m from each other 

(Figure 2.3). Due to limitations in canopy access, orchid Species were identified with a pair of 

binoculars (VORTEX 8X42) from ground, using the field key (Pradhan 1976, 1979; Rao 1979; 

Abraham and Vatsala 1981; Kumar and Sasidharan 1986; Joseph 1987; Kumar and Manilal 

1994; Banerji 1996; Kumar et al., 2001). A couple of specimens have been collected for species 

only wherein orchids became unidentifiable in the field. Specimens of tree species were either 

collected or photographed for consultation with expertise. The standard authentic literatures 

such as An interpretation of Van Rheede’s Hortus Malabaricus (Nicolson et al., 1988); Icons 

Plantarum Indiae Orientalis (Wight 1853), etc gave taxonomic basics and different floras like 

Flora of the Presidency of Madras (Gamble 1935); additions to the Flora of Kerala since 

Gamble 1935 (Manilal and Raveendrakumar 1998) Forest Trees of Kerala (Sasidharan 1997); 

‘Field key to the trees and lianas of the evergreen forests of the Western Ghats, India (Pascal 

and Ramesh 1987);  Flowering Plants of The Western Ghats (Nayar et al., 2014), India and 

digital resource ‘Biotik’ Western Ghats version 1.0 (IFP) were used for identification of 

floristic components. Other than these experts were consulted for confirmation of identification 

of some species. The field sampling details with characterisation of units for each objective is 

given in respective chapters. 
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Plate 2.1. Habitats identified in the Western Ghats of Kerala during the study 

 

 

Lower altitude wet evergreen forests 

 

Montane wet evergreen forests 

 

Shola forests 

 

Interior of Shola forests 
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Plate 2.2. Habitats identified in the Western Ghats of Kerala during the study 

 

 

 

Semi evergreen forest 

 

Moist deciduous forests 

 

Savannah with scattered trees 

 

Semi natural plantations 
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CHAPTER 3 

A. DIVERSITY, DISTRIBUTION AND COMMUNITY STRUCTURE 
B. HOST SPECIFICITY 

 

3A.1. Review of literature 

This chapter aims to address diversity and distribution of epiphytic orchids with respect 

to altitude, latitude, habitat, tree and substrate. Also, the community structure of epiphytic 

orchids is attempted with respect to habitat, tree and substrate characteristics. Major research 

available in these aspects is reviewed here. 

Mid altitude effect has been a subject of discussion in epiphyte ecology. Wolf and 

Flamenco (2003) found a belt of high diversity of epiphytes largely of orchids in Chiapas, 

Mexico. He agreed with Gentry and Dodson (1987a) and hypothesised that most species on 

Neotropical mountains are present in a mid-elevational belt between 500-2000 MSL. This has 

traditionally been explained as environmental factors (Gentry and Dodson 1987b; Kuper et al., 

2004) or ‘source sink population dynamics’ (Kessler 2000), on the understood assumption that 

richness would be constant over elevational gradients in the absence of such factors. Gentry 

and Dodson (1987a) explains it as habitat diversity, finer niche partitioning and evolutionary 

explosion in neotropics.  Cardelus et al. (2006) also suggested the richness pattern of epiphytes 

to be influenced by mid domain effect in Costa Rica. Jacquemyn et al. (2005) found that 

environmental conditions associated with altitude exert an influence on orchid species 

composition and distribution of orchid breeding systems in Reunion Island. In general, local 

orchid species richness decreased significantly with increasing altitude but, agreed with highest 

species richness in the mid altitudes. Again in 2007, they suggested high altitude orchid species 

in Reunion Island displayed a wider altitudinal range. High altitude species have wider 

autogamy compared to low and mid altitude species (Jacquemyn et al., 2005). Also, mid 

altitude sites contain more species than high-altitude areas. Stevens (1992) argued that 

continued immigration of highland species into the lower zone may explain the higher species 

richness in mid altitudes. Kumar and Sequiera (1999) reported a change in composition of 

epiphytes on altitudinal gradients in Silent Valley NP of the Western Ghats. Nieder et al. (1999) 

argued different distribution pattern gives rise to difference in epiphyte diversities in montane 

and lowland forests. In montane forests with high alpha diversity of epiphytes, species turnover 
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between sites separated by a small geographic distance is considerable. Whereas, in lowlands 

such as Amazonian, alpha diversity is low, but number of epiphyte species increases gradually 

with area to vast areas. This is an altitude response. Freiberg and Freiberg (2000) says biomass 

of vascular epiphytes does not significantly change with altitude. Wolf (1994) studied vascular 

and non-vascular epiphytes on mature trees along altitude in Andes and found that altitude 

explains more of the variation in species data. Kromer et al. (2005) studied diversity patterns 

of epiphytes along elevational gradient in the Andes and suggested decline of richness at high 

elevations is a result of low temperatures but not confirmed. A study from the Himalayas, found 

maximum orchid species in sub-tropical zone, 500-1500msl (Jalal 2012). Epiphytic 

composition also differed significantly among the three latitudes in Spain, and the similarity 

decreased when the latitudinal span was greater. In addition, high species turnover was driven 

by the increased rainfall at higher latitudes. It suggested that epiphytic communities suffer a 

great impoverishment in species richness at lower latitudes (Aragon et al., 2012). 

Epiphyte composition in different habitats has been well documented. In the Western 
Himalayas of Uttarakhand, Jalal and Rawat (2009) identified Banj-Oak forest type as the most 
suitable habitat for orchids preferable because of the diversity of microhabitats. McCune et al. 
(2000) discussed non vascular epiphytes in old conifer forest in Western Washington and found 
that species richness of epiphytes was highly variable within habitats. Kumar and Sequiera 
(1999) identified shola forests in Silent Valley National Park in the Western Ghats with high 
number of epiphytes. Epiphyte density was greater in deciduous trees than evergreen forests at 
Varagalaiar in the Western Ghats (Annaselvam and Parthasarathy 2001). Zapfack and Engwald 
(2008) found no significant differences in epiphyte diversity between two biotopes of semi-
deciduous rain forest in Cameroon. Orchidaceae was found to be the species rich family in both 
these biotopes. Habitat isolation reduces species turnover and alpha diversity in forest habitats 
(Flores-Palacios and Garcia-Franco 2008). Disturbed or isolated habitats mostly affects the 
pattern of diversity of epiphytes. In farmer managed forests of the Western Ghats, Sinu et al. 
(2011) found out high species richness compared to disturbed and reserved forest fragments. 
This study also discussed the possibility of landscape and environmental factors to explain 
epiphyte diversity with varying habitat type and anthropogenic disturbances. Compositional 
variation of phorophyte trees had little effect on orchid diversity of the forest fragments. 
Adhikari and Fischer (2012) accurately predicted the distribution pattern of the orchid species, 
Rhyncostylis retusa, influenced by land use patterns. The preferences for habitats could be a 
result of many associated factors. For example, various habitat preference by Bromeliads in 
Colombian Amazonia was related to levels of exposure to cloud cover which in turn depend 
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upon aspect and altitude (Sugden and Robins 1979). Sugden (1981) discussed microclimatic 
differences between various habitats with habitat preference of epiphytic bromeliads. 

In a review on what constrains the distribution of orchid populations McCormick and 
Jacquemyn (2014) discusses mycorrhizae, landscape and local scale dynamics. In few cases, 
orchids are spatially segregated with strong mycorrhizal associations. Bartels and Chen (2012) 
discussed patterns of epiphyte species diversity in relation to host tree characteristics and stand 
structural characteristics. Inherent mechanisms are identified as constrained dispersal, slow 
growth rate and establishment limitation. Local mechanism may include substrate, resource 
availability and heterogeneity and host tree mortality. Stand and landscape level mechanisms 
that regulate epiphyte diversity are nature and severity of disturbances and global climate 
change. Nieder et al. (2001) argued that vertical ecological gradients (insolation and humidity 
differences from floor to canopy surface) are important for strict epiphytes whereas ecological 
differences between distinct forest habitats (horizontal gradients) are relevant for hemi 
epiphytes. Benavides et al. (2011) discussed that the structure of phorophyte assemblage 
provides a wide spectrum of epiphyte habitats and influences the composition of different 
species. These creates microhabitats (Freiberg 2001) and substrate conditions exploited by 
specific set of epiphytes (Benavides et al., 2005). Therefore, epiphyte composition is not 
restricted by any dispersal limitation at the between plot scale (Benavides et al., 2005). In 
lowlands of Panama, orchids made most in individual and species numbers and composition 
of epiphytes was influenced by position of a tree in the forest (space) to some extent (Zotz and 
Schultz 2007). The distribution of epiphytes was highly clumped and not random in a lowland 
Amazonian rainforest (Nieder et al., 2000). Here, the dispersal modes of epiphytes did not 
explain their distribution patterns. Structural characteristics such as stand age and tree species 
composition increases epiphyte diversity (Neitlich and McCune 1997; Price and Hochachka 
2001; Cleavitt et al., 2009; Woods 2013). For example, old growth forests with high epiphytes 
(Lesica et al., 1991, McCune1993, Esseen et al., 1996). Mixed composition of trees in a stand 
provides diverse substrates (Cleavitt et al., 2009). Areas become heterogenous by the presence 
of canopy gaps, trees with large diameter and lower branches; old-growth remnant trees are 
considered hotspots of epiphyte diversity (Neitlich and McCune 1997). Freiberg (1996) 
identified microhabitats for species that are considered to be generalists and specialists. Here, 
vertical and horizontal distribution has been used to explain spatial distribution. Also, 
distribution patterns are partly explained by life-form of the plants. The young trees have to 
mature and become large to get saturated by epiphytes (Flores-Palacios and Garcia-Franco 
2005).  By comparing average longevity of individual trees with epiphyte colonization rates, 
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Laube and Zotz (2006) suggested most trees are likely to die before epiphyte assemblages ever 
become saturated. 

A number of researchers studied distribution and community structure of epiphytes as 
a response to tree and substrate characteristics. A phorophyte can be divided into different 
zonation as in Johansson (1974). Nieder et al. (2000) described a horizontally clumped 
distribution and a clear vertical structure of epiphytes in Surumoni plot, Southern Venezuela. 
More precision was given among twig epiphytes by Chase (1987) by identifying obligate twig 
epiphytes that are strictly restricted to extreme environmental conditions. Orchidaceae in the 
palaeotropics and Orchidaceae and Bromeliaceae in the neotropics are mostly restricted to this 
zone. Spatial pattern of reproductive adults is important in seed dispersion patterns such as seed 
output, seed shadows whereas seedling recruitment depends on probability of seed arrival and 
suitability of microsite (Jacquemyn et al., 2007; Jersakova and Malinova 2007). O’Malley 
(2009) tested relationship between tree characteristics and epiphytic orchid diversity and 
abundance but found no significant relationship. Quaresma and Jardim (2014) recorded 
maximum species richness and abundance in the coastal forest of Brazil, on trunk than in the 
upper or lower crown. This trunk preference was seen specifically in some host trees such as 
Agathis australis in New Zealand forests (Wyse and Burns 2011). terSteege and Cornelissen 
(1989) identified role of microhabitats in structural assemblages of epiphytes. Lyons et al. 
(2000) also documented plots close to tree trunk and lower in the crown with greatest 
abundance of non-vascular epiphytes. A microhabitat, overstory (20-28m) was studied for 
epiphytes (Carlsen 2000) and found Orchids with greatest number of species in tropical 
rainforest in Amazonia, Venezuela. Spatial distribution of epiphytes on trees and zones of 
different ages on every branch is studied (Rudolph et al., 1998). It further emphasized 
microhabitat characteristics of branches. High epiphyte abundance was found to be related to 
combination of micro environmental factors where variation in climate between 
microenvironments was apparent (Rosa-Manzano et al., 2014). Characteristics of the 
microhabitat (height, bark vs wood, degree of sheltering, stem diameter) in the canopy was 
found related to species richness (McCune et al., 2000). Kelly et al., (2004) observed 
environmental variables such as height above ground correlated with community composition 
in epiphytes in the Andes of Venezuela. Vascular epiphyte diversity was greatest at 
intermediate height and non-vascular in upper crowns. Diameter at breast height and bark 
characteristics of the host plants are useful in determining compositions and distributions of 
these epiphytes (Oloyede et al., 2014). 

The increase in microhabitat (environmental conditions and resources) heterogeneity 

within tree crown as trees grow contributes to changes in epiphyte community structure 
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(Woods et al., 2015). In a tropical montane forest in SW China, epiphyte diversity was strongly 

correlated with host size (DBH, diameter at breast height), while within hosts the highest 

epiphyte diversity was in the middle canopy and epiphyte diversity was significantly higher in 

sites with canopy soil or a moss mat than on bare bark. DBH, elevation and stem height 

explained 22 % of the total variation in the epiphyte species assemblage among hosts, and DBH 

was the most important factor which alone explained 6% of the variation. Within hosts, 51 % 

of the variation in epiphyte assemblage composition was explained by canopy position and 

substrate, and the most important single factor was substrate which accounted for 16% of the 

variation (Zhao et al., 2015). Sillett (1999) noted complex crown structure in Sequoia 

sempervirens promoted humus accumulation and vascular epiphyte abundance. But tree to tree 

variation in epiphyte distribution was attributed to differences in tree age, stand level in 

microclimate, tree health and dispersal limitations. According to terSteege and Cornelissen 

(1989) in the lowland rainforest of Guyana bryophyte mats and accumulated debris in the lower 

canopy support vascular epiphytes different from that of upper and middle canopy. 

3A.2. Methodology 

3A.2.1. Hypothesis 

The present study tested the following hypotheses: i) Selected spatial scales such as 

altitude, latitude, habitat and tree zones do not determine the pattern of diversity and 

distribution of epiphytic orchids and 

ii) Community structure of epiphytic orchids in the southern Western Ghats is not 

influenced by habitat differentiation into vegetation type, tree and substrate (mega, macro and 

micro habitats) 

3A.2.2. Field Sampling and Characterisation of Units 

Method of sampling LLTSTS has been discussed in Chapter 2 (see 2.4.2). In epiphyte 

ecology, spatial distribution has been analysed through horizontal distribution of trees and 

vertical distribution within trees. Here, trees are studied but along with major spatial scales 

such as Altitude, Latitude and Habitat heterogeneity (Forest type according to Champion and 

Seth 1968; Bunyan et al., 2012) and finer spatial scale, tree zones such as Trunk Zone (TZ), 

Inner Crown Zone (ICZ), Middle Crown Zone (MCZ) and Upper Crown Zone (UCZ) (Figure 

3A.1 following Wang et al., 2016) for further spatial scales. The TZ denotes to the host trunk 

areas below the first branch; the ICZ covers the area from the first branch to the second branch; 
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the MCZ covers the area from the second branch to the third branch; and the UCZ refers to the 

remaining areas above the third branch. Altitude, Latitude, Habitat classes have been discussed 

(see 2.4.3). 

In order to sample epiphytic orchids, the number of individuals for each species have 

been counted in a sampling unit. Distinguishing true individuals in huge mass of species 

sometimes is difficult. In case of spatially segregated stands of a species, each clump was 

recorded (Wolf et al., 2009) with approximate individuals, to avoid large consumption of time. 

Destructive sampling, estimating biomass, branch percent cover, the possible hidden 

connection of epiphytes via canopy soil or underside branches are not used or addressed due to 

time limitations in sampling. On a transect, data on habitat characteristics such as the habitat 

(forest) type based on major vegetation associations, the degree of slope and its aspect (face), 

proximity to water sources were collected. Riparian vegetation was defined as any vegetation 

type in 10m equally on both sides of the river/stream/swamp/marsh (following Subramanian 

2011). 

 
Figure 3A.1. The smallest spatial scale- tree zonation used; UCZ-Upper Crown zone, MCZ-

Middle Crown Zone, ICZ-Inner Crown Zone, TZ-Trunk Zone. 
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The degree of slope of the area was ocularly measured with respect to the observer in 

0-90-degree scale. The aspect or the direction of the slope were identified as North (N), East 

(E), South (S), West (W), North East (NE), South East (SE), South West (SW) and North West 

(NW). The distance to nearest water source from the linear transects was measured in meter as 

within water course, 1-10m distance and up to 100m distance. The next sampling unit or host 

tree characteristics such as species of trees with ≥ 2.4 cm girth at breast height (GBH), height 

(in meters), size (girth at breast height GBH), bark type (texture of bark) have been recorded. 

The host species was identified up to the species level and in few cases up to the genus level. 

The height of the tree was an ocular measurement with respect to the observer standing at 10m 

from the tree. Tree size was referred to the Girth of the tree at Breast Height, a suggested 

practice of measuring girth in Forestry, at 1.37 m from the ground. The substrate characteristics 

of orchids were recorded. It included the ocular estimation of height of the tree (in meters) at 

which the substratum grows, girth of the substratum (in cm) by both ocular and direct 

measurements, the bark types of phorophyte into four groups from smooth to spiny; the position 

of substratum on the tree such as trunk, primary branch, secondary branch or tertiary branch. 

The position of substratum on the branch was further identified as upper, lower or lateral in 

position. The degree of inclination the substratum makes with the host tree was measured in 

categories of 0-180° was also measured. The orientation of the orchid/s to any direction was 

also measured. 

Structural assemblage of epiphytes was tested with respect to structural characteristics 

of vegetation type, tree and substratum. They are also treated as three levels of habitats, mega-

, macro- and micro- habitats respectively. Mega habitat implies a vegetation type in the 

presence or absence of riparian habitat with topographical features. Macro habitat implies the 

phorophyte/host tree with its characteristics such as host species, bark, height, size (GBH). 

Micro habitat further narrows down to specific substrate of orchid on the phorophyte. Position 

of substratum, height of substratum, girth of substratum, Inclination with the tree and aspect, 

bark type are the characteristics of a microhabitat (Table 3A.1.). 
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Table 3A.1. Classification and characterization of habitats used to address structural 

assemblage of epiphytic orchids in the study 

HABITAT/MEGAHABITAT 

Vegetation type 
Degree of Slope 

(°) 
Slope Aspect 

Proximity to water 

(meters) 

1.Evergreen forest (EVEG) 

2.Montane evergreen forest 

(MEVEG) 

2.Semi evergreen forest 

(SEVG) 

3.Moist deciduous forest 

(MDEC) 

4.Savannah (SVNA) 

5.Shola forest (SHLA) 

6.Seminatural plantation 

(SPLT) 

0 (Plain) to 90° N, E, S, W, 

NE, SE, SW, NW 

 

0 (within) 

1 to 10 

>10 to 25, 

>25 to 50, 

>50 to 75, 

>75 to 100, 

>100 

TREE/MACROHABITAT 

Tree 

species 
Bark type 

Tree height 

(in m) 
Tree girth at breast height (GBH)in cm 

 1(Smooth, 

Dappled, 

Lenticellate, 

Deep 

impressed) 

2(Cracked, 

Fissured, Flaky, 

Scaly and 

Peeled) 

3 (Rough) 

4(Spiny) 

 

0.1-10, 

10.1-20, 

20.1-30, 

>30 

 

1-50, 

50.1-100, 

100.1-150, 

150.1-200, 

>200 
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SUBSTRATE/MICROHABITAT 

Height on 

phorophyte 

(m) 

Position of 

substratum on 

phorophyte 

Position on 

substratum 

Substrate 

inclination 

(Degree) 

Bark type 

Substrate 

girth 

(cm) 

Substrate 

Inclination 

aspect, 

Orientation 

a. 1-5, 

b. 5.1-10, 

c. 10.1-15, 

d.  >15 

 

 

1.Trunk 

2.Primary 

3.Secondary 

4.Tertiary 

5.Quaternary 

 

 

 

1.Upper 

2.Lower 

3.Lateral 

4.All over 

0(vertical) 

1-45° 

46-90° 

91-180° 

1 Smooth 

(Dappled, 

Lenticellate, 

Deeply 

impressed) 

2 Cracked 

(Fissured, 

Flaky, Scaly 

and Peeled) 

3 Rough 

4 Spiny 

 

a. .1-10 

b.10.1-50 

c.50.1-100 

d. 100.1-150 

e. >150 

N, E, S, W, 

NE, SE, SW, 

NW 

(8 Variables) 

 

3A.3. Data Analysis 

Spatial patterns of diversity and distribution 

Spatial pattern of diversity and distribution of epiphytes was analysed and discussed in 

relation to different spatial scales, such as Altitude, Latitude, Habitat and Tree zones based on 

Chapter 1 (1.1.2.) and Chapter 3 (3.A.1). 

Rarefaction, Species and Area 

The number of transects across spatial units was not proportionate due to the extensive 

nature of study area and inaccessibility in some regions.  Due to this variation in number of 

transects from different spatial units, it was difficult to compare diversity and distribution. To 

overcome this, rarefaction of species richness was done using EstimateS software that analyses 

ecological data. Here it calculates the expected species richness if the sampling size was 

similar. Species accumulation curves (SAC) was prepared for species richness against transects 

and abundance. The species observed (Sest) were plotted along predictions Chao1 mean and 

Jack1 mean. 
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Biodiversity Indices 

Species diversity and richness was computed using EstimateS (Colwell 2013) for 
Shannon diversity index, Dominance_D, Simpson 1-D, (Magurran 2004), Fisher's α diversity 
index (Magurran 2004), Chao 1 richness estimator (Chao 1984), respectively. To assess, how 
evenly the species are distributed, evenness (equability index J) was calculated using the 
Pielou’s (1966) equation. The value ranges between zero and 1. If the evenness value is higher, 
the variation in spatial units between the species would be less and vice-versa. 

Rank Abundance dominance (RAD) Models 

Rank abundance dominance (RAD) models, or dominance/diversity plots show 
logarithmic species abundances against species rank order. It was also used as a way to analyse 
types of community distribution across spatial units. RAD models were created and visualized 
using vegan package in R (version 3.6.0). The most suited model with lowest AIC/Akaike 
Information Criteria (Akaike 1969); estimator of the relative quality of model value for each 
spatial unit was portrayed. 

AIC = -2(log-likelihood) + 2K 

Where K is the number of model parameters (the number of variables in the model plus 
the intercept). Log-likelihood is a measure of model fit. 

Comparing Species Richness 

Comparison of species richness across classes of each spatial unit was done in generic 
method with median richness in boxplots and the variance between classes was tested for 
significance was checked using Kruskal-Wallis rank sum test. Species richness was also 
correlated with spatial units and tested with Spearman’s rho test for significance. 

Comparing Species Diversity 

Species diversity, Shannon diversity H’ across spatial units was compared using PAST 
3.14 and significance of variance was tested using Analysis of Variance (ANOVA) and Dunn’s 
post hoc to find out variables significantly different from each other. 

Species Turnover across and within gradients 

Analysis of Similarities (ANOSIM) was used to understand the measure of similarity 
or inverse, overlap. Bray Curtis dissimilarity matrix was prepared based on species richness 
and Whittaker’s measure of beta diversity. The dissimilarities between groups were ranked and 
permutation was used to test the significance of difference between the between and within 
group dissimilarity. 
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Cluster analysis 

Hierarchical clustering was carried out to break down the species composition based on 

Bray Curtis dissimilarity to view similarity between spatial zones of a host tree. The clustering 

of host trees on transects based on species composition was also made to view the structural 

composition of epiphytic orchids. 

Community structure 

Ordination 

Structure of epiphyte community is always discussed based on representative data set 

of trees of specific species, size etc (Nieder and Zotz 1998; Kelly 2004). Because this could 

yield most of the individuals gathered together. Therefore, Classic Multi-Dimensional Scaling 

(MDS) was used to visualise the species abundance of epiphytic orchids as a response to the 

100 trees that contributed more than 60 % towards relative abundance and 66 % of richness of 

orchids. This helped to get clarity in results, this session further used abovementioned 100 trees 

in analysis. In order to evaluate the relationships between vegetation and environmental 

variables at different level of habitats, best model was prepared using Canonical 

Correspondence Analysis (CCA) in vegan package in R (version 3.6.0).  CCA is a direct 

gradient ordination technique to cluster species abundance with environmental variables (ter 

Braak 1986). As required by CCA, the data is set into two distinct matrices: the species matrix 

and the matrix of environmental variables. Interpretation was done based on the weighted 

average of the variables and loading of the component on primary and secondary axes. The 

graphic interpretation of biplot gives a clear frame to understand the distribution of the species 

with respect to different independent environmental variables. 

3A.4. Results 

A total of 18613 identified individuals belonging to 95 epiphytic orchid species were 

recorded during the study from 2030 host trees on 203 transects. Also, 65 confirmed species of 

terrestrial orchids were recorded (Plate 3A.1,2,3 and 4). Of the 2030 trees sampled, 1134 trees 

(55 %) supported epiphytic orchids. Syzygium cumini recorded maximum number of species 

(41, 43 % total species richness) and abundance (1646, 8 % of total abundance) of orchids. 

Around 160 phorophyte taxa have been identified upto species level, 27 species only upto 

genus level and 63 trees remained (25%) unidentified. About 245 individuals of Bulbophyllum 

sp and 249 individuals of Oberonia sp that were not identified upto species were excluded from 
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the analysis. The single records of variants of species such as Gastrochilus acaulis, Kingidium 

niveum and Trias stocksii were exempted due to no additional records. Also, 29% total orchid 

abundance was contributed by species Eria pauciflora, Coelogyne nervosa, Aerides ringens 

and Conchidium braccatum respectively. The mean species richness per transect (N= 203) was 

4.5 ± 0.2 (SE) and mean abundance per transect was 90.79 ± 12.1 (SE). Further, mean species 

richness per tree (N= 1134) was 1.4 ± 0.02 (SE) and mean abundance per tree was 16.4 ± 1.7 

(SE). Species accumulation curves with standard deviation (Fig 3A.2 & 3) suggests that the 

overall trend of species accumulation was same for estimated number of species S(est) and 

predictors. However, according to non-parametric estimator, Jack1 mean the number of species 

for 203 transects would have been 105 if the sampling bias was reduced. The addition of species 

was rather steep against transects in the beginning. Still, the flattening of the curves at same 

points showed sampling was well defining for the epiphyte community of the southern Western 

Ghats. Therefore, transects are identified as efficient tools to record diversity of epiphytic 

orchids. 

 

Figure 3A.2. Species accumulation curve against transects using random method with error 
bars representing standard deviation. 
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Figure 3A.3. Species accumulation curve against abundance using random method with error 
bars representing standard deviation. 

The rarefied species richness was maximum in the mid altitude class (801-1600 MSL), 

mid latitudes (10° 01’N°-12° N) and EVEG habitat (Table 3A.2.). Since the data was rarefied, 

the effect of varying number of transects has been removed. The high diversity in mid altitudes 

matched the findings of mid altitude effect on epiphytes as discussed by Gentry and Dodson 

(1987a) and Wolf and Flamenco (2003). Other indices of diversity and evenness were also 

supported this trend, value of these indices being close to one in these spatial classes. Fisher’s 

alpha, was also the highest in those classes indicating value is independent of the sample size. 

The orchid species have been ranked according to their abundance and log series curve 

prepared (Figure 3A.4) showed a much steeper gradient. It indicates low evenness because the 

high-ranking species have much higher abundance than the low-ranking species. Mid altitudes, 

latitudes probably represented most species diversity due to the availability of finer niche 

partitioning in diverse habitats. The absence of extreme climatic variations could also be very 

favourable for the species diversity in these zones. 
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Table 3A.2. Species Richness and Biodiversity Indices 

Particulars 

ALTITUDE 
(rarefied at 3291 

individuals) 

LATITUDE 
(rarefied at 3601 

individuals) 
HABITAT** 

(rarefied at 1891 individuals) 

Low 
altitude 

Mid 
altitude

High 
altitude

8°-
10°N 

10° 01'-
12°N 

12° 01'-
12° 

50'N* 
EVEG MDEC MEVEG SEVG SHLA SNPL SVNA* 

Number of 
transects 71 114 18 49 146 8 40 40 19 36 13 50 5 

Taxa_S 49 85 25 67 76 5 61 39 44 41 17 58 9 
Rarefied 
species 
richness 

47 80 25 67 70 0 58 37 44 40 17 55 9 

Chao-1 
estimator for 
true species 
richness 

49.5 85.17 25.5 69 76 5 63 40.2 51 46.25 17 58 9 

Individuals 5766 9540 3307 3723 14748 142 3737 3094 1901 2424 2406 4562 489 
Diversity 
Indices 
Dominance_D 0.078 0.050 0.202 0.0496 0.047 0.621 0.108 0.104 0.209 0.101 0.284 0.084 0.658 
Simpson_1-D 0.921 0.949 0.797 0.950 0.952 0.378 0.891 0.895 0.790 0.898 0.715 0.915 0.341 
Shannon_H’ 2.952 3.511 2.009 3.489 3.463 0.770 3.034 2.744 2.369 2.691 1.695 3.051 0.764 
Equitability_J 0.758 0.790 0.624 0.829 0.799 0.478 0.738 0.749 0.626 0.724 0.598 0.751 0.347 
Fisher_alpha 7.35 12.86 3.675 11.6 10.48 1.009 10.35 6.29 8.045 7.01 2.47 9.37 1.566 

*Less sampling size **EVEG-Evergreen, MDEC- Moist deciduous, MEVEG-Montane evergreen, SEVG-Semi evergreen, SHLA-Shola, SNPL-
Seminatural plantations SVNA-Savanna         
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Figure 3A.4. Rank abundance plot showing log series curve of species recorded across 
transects. 

Altitude as a spatial scale 

Rank- abundance dominance (rad) models for altitude classes is showed in Figure 3A.5 

and the various models that explained each community are given in Table 3A.3. In the low 

altitudes, Mandelbrot model showed the lowest AIC value. The model is very steep indicating 

low evenness in the community. Likewise, in the high altitudes, Mandelbrot model produced a 

steep gradient indicating low evenness. Whereas, in the mid altitude, Lognormal model that 

takes plants and environment into consideration prepared a rather shallow model. This indicates 

high evenness and high abundance of species may be similarly ranked in the community. The 

distinction of a diverse community in the mid altitude is supported by the diversity indices as 

well. As discussed before, the influence of environmental factors could be more dominant in 

the low and high altitudes therefore restricting the resource partitioning by epiphytic orchids. 

Species richness was compared between altitude classes (Figure 3A.6.). However, Kruskal 

Wallis rank sum test did not find any significant difference between the classes (Kruskal-Wallis 

(Chi-squared) = 1.023, df = 2, at p = 0.05). 
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Figure 3A.5. RAD models for low, mid and high-altitude classes of epiphytic orchids. Each 
panel shows the RAD model with the lowest AIC. 

Table 3A.3. Basic models of RAD that describes the observed pattern with suitable model with 

lowest AIC value marked in bold. 

Basic Models Low altitude Mid altitude High altitude 

Null 2049.691 3309.865 2587.6712 

Preemption 611.1178 1766.04 722.2812 

LogNormal 632.9407 865.484 583.7913 

Zipf 1459.772 1960.084 752.3017 

Madelbrot 578.6463 976.7335 386.3705 
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Figure 3A.6. Boxplot of species richness across three altitude classes. The vertical stripes show 
median richness, the boxes are interquartile range and whiskers max-min ranges. 

 

Species richness and abundance was plotted against altitude classes to find the amount 

of correlation using altitude as a predictor. The scatterplot correlation (Figure 3A.7) between 

species richness and altitude was tested using Spearman's rank correlation rho. It was found 

that species richness decreases with increasing altitude and produced a negative correlation but 

not significant (S = 1421492, rho= -0.01957259, at p = 0.05). Likewise, abundance was also 

correlated with altitude (Fig 3A.8). The correlation was found to be negative as well            

indicating decrease in abundance with increase in altitude, but not significant (S = 1462195, 

rho= -0.04876697, at p = 0.05). In Fig 3A.9. Shannon index for diversity was compared across 

the altitude classes. The variance in diversity between the altitude classes was found significant 

(Welch’s ANOVA, F= 3.324, df= 185.7, at p= 0.05). Dunn’s post hoc following ANOVA 

found low and high-altitude class significantly different from each other (p= 0.001). 
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Figure 3A.7. Scatter plot for correlation between species richness and altitude for epiphytic 
orchids. 

 

Figure 3A.8.Scatter plot for correlation for species abundance and altitude for epiphytic 
orchids. 
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Figure 3A.9. Shannon index values for low, mid and high altitudes. Error bars are 95% 
confidence intervals. 

Analysis of similarities (ANOSIM) to visualize species turnover/beta diversity (Figure 

3A.10) found that there was significance difference between dissimilarity ranks between and 

within classes based on Whittaker’s beta diversity (p= 0.001 and R = 0.214). Further analysis 

using Bray-curtis dissimilarity also confirmed this result. Though there were significant 

differences, the R value was low or close to zero and therefore factor, altitude have an effect, 

but not very distinct, on the composition of epiphytic orchids. This might change with increase 

in representation of data from vast altitude gradients. 

 
Figure 3A.10. Analysis of similarity. Dissimilarity ranks between and within sampling groups 
for epiphytic orchid communities using Whittaker’s beta diversity. 
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Latitude as a spatial scale 

Rank-abundance dominance (RAD) models for latitude classes produced suitable 

models for each community along latitude (Figure 3A.11). As evident in Table 3A.4, 

Lognormal model described the community in Latitude class 1 (8°-10 °N) with the lowest AIC 

value. Further, Mandelbrot model was the best suited model for Latitude class 2 (10° 01'-12°N) 

with the lowest AIC value suggesting fitness of the model. In both of these classes, the models 

showed more shallow curves representing communities with more evenness and abundances. 

Meanwhile, the data was not sufficient to develop a model in case of class 3 (12° 01'-12° 50'N). 

The Latitude classes 1 and 2 most likely provided diverse habitats or environments for high 

species diversity, abundance and evenness. In comparing species richness between latitude 

classes (Figure 3A.12), it was found that classes were significantly different from each other 

(Kruskal-Wallis chi-squared = 53.805, df = 2, at p = 0.05). The significant differences in 

richness also supported the diverse nature of communities in Latitude class 1 (8°-10° N) and 

Latitude class 2 (10° 01'-12° N). 

 
Figure 3A.11. RAD models for Latitude classes of epiphytic orchids. Each panel shows the 
RAD model with the lowest AIC. 
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Table 3A.4. Basic models of RAD that describes the observed pattern with suitable model with 

lowest AIC value marked in bold. 

Basic Models 
Latitude Classes 

8°-10°N 10° 01'-12°N 12° 01'-12° 50'N 

Null 834.262 3786.056 6.424545 

Preemption 724.192 1218.638 8.424545 

LogNormal 439.6223 1141.157 NA 

Zipf 856.698 3429.914 NA 

Madelbrot 635.8277 966.0927 NA 

 

Figure 3A.12.Boxplot of species richness across three latitude classes. The vertical stripes show 
median richness, the boxes are interquartile range and whiskers max-min ranges. 
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Interestingly, the correlation between latitude class and species richness was found to 

be negative (Figure 3A.13). This negative correlation was significant according to Spearman 

rank correlation rho (S = 1975872, at p = 0.05, rho= -0.4172046). Likewise, correlation 

between abundance and latitude classes (Figure 3A.14) were also found to be significantly 

negative as per Spearman rank correlation rho (S = 1684157, at p = 0.05, rho= -0.2079699). 

There was a decrease in diversity towards the higher latitudes and abundance also varied across 

the same two Latitude classes. However, an equal sampling from the Latitude class3 might 

have changed the correlation pattern. In Fig 3A.15. Shannon index for diversity was compared 

across the latitude classes. The variance in diversity between the latitude classes was found 

significant (Welch’s ANOVA, F= 24.2, df = 128.3, at p = 0.05). Dunn’s post hoc following 

ANOVA found Latitude class 1 and class 2 were significantly different from each other (at p 

= 0.05).  The richness and mostly abundance patterns have contributed into this. Whereas, 

Latitude class 3 was not comparable due to the lack of enough data. 

 

Figure 3A.13. Scatter plot for correlation for species richness and latitude for epiphytic orchids. 
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Figure 3A.14. Scatter plot for correlation for species abundance and latitude for epiphytic 
orchids 

 

Figure 3A.15. Shannon index values for Latitude class 1,2 and 3. Error bars are 95% confidence 
intervals. 
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Figure 3A.16. Analysis of similarity. Dissimilarity ranks between and within sampling groups 
for epiphytic orchid communities using Whittaker’s beta diversity. 

 

Analysis of similarities (ANOSIM) to visualize species turnover/beta diversity (Figure 

3A.16) found that there was no significant difference between dissimilarity ranks prepared 

based on Whittaker’s beta diversity. In further analysis based on Bray-curtis dissimilarity 

between and within classes (p = 0.926 and R = -0.026) this was reconfirmed. The negative R 

value could be hinting at the high variability of data and factor that is not significant. Though 

there were no significant differences, the R value, more conclusive was low or close to zero 

and therefore factor, latitude have an effect, but not very distinct, on the composition of 

epiphytic orchids. 
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Habitat as a spatial scale 

 

Figure 3A.17. RAD models for Habitat classes of epiphytic orchids. Each panel shows the 
RAD model with the lowest AIC (EVEG-Evergreen, MDEC- Moist deciduous, MEVEG-
Montane evergreen, SEVG-Semi evergreen, SHLA-Shola, SNPL-Seminatural plantations 
SVNA-Savanna) 
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Table 3A.5. Basic models of RAD that describes the observed pattern with suitable model with 

lowest AIC value marked in bold. 

Basic 

Models 
EVEG MDEC MEVEG SEVG SHLA SNPL SVNA 

Null 2134.182 1194.428 1894.6039 1161.17 1551.784 2079.13 574.4764

Preemption 1643.634 625.6257 1176.0618 302.3582 477.0912 1140.789 131.636

LogNormal 581.8292 380.5246 333.5012 398.2909 264.5212 511.9914 75.61947

Zipf 791.2748 666.1628 308.8181 740.5577 321.4004 876.6611 50.02265

Madelbrot 793.2748 473.9898 310.8181 306.357 241.3047 606.8857 52.02265

* EVEG-Evergreen, MDEC- Moist deciduous, MEVEG-Montane evergreen, SEVG-Semi 
evergreen, SHLA-Shola, SNPL-Seminatural plantations SVNA-Savanna 

Lognormal models described the communities in habitats EVEG, SNPL and MDEC 

(Figure 3A.17) with lowest AIC values (Table 3A.5). The former two curves were found to be 

rather shallow indicating high abundances and evenness of species. Whereas, in the later, curve 

was rather steep probably due to less evenness. Zipf model that considers physical conditions, 

explained community in habitat MEVEG with an intermediate curve medium abundance and 

evenness. Also, SVNA habitat was also explained by Zipf with a steep curve. Such steep curve 

was also found in SHLA habitat explained by Mandelbrot. These curves showed that the orchid 

community is less even with few dominant species.  Finally, SEVG habitat was best explained 

by resource partitioning model, Pre-emption that suggests, a less even community with most 

competitive species utilizing most of the resources and leaving less for others (Gardener 2014). 

The species richness was compared amongst the habitats (Figure 3A.18). However, the 

difference between them were found to be not significant (Kruskal-Wallis chi-squared = 

8.1414, df = 6, at p = 0.05). When species diversity, Shannon index was compared (Figure 

3A.19), the variance between groups were found significant in Welch’s ANOVA (F= 3.471, 

df= 283.7, at p = 0.05). Further, Dunn’s post hoc following ANOVA revealed that EVEG is 

significantly different from all other habitats except SNPL that showed similarity with EVEG. 

Habitat MDEC is significantly different from habitats SHLA, SNPL and SVNA. MEVEG and 

SEVG habitats also showed the same significant differences as that of MDEC. SNPL and 

SVNA habitats were found to be significantly different from each other. Analysis of similarity 
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(ANOSIM, Figure 3A.20.) produced statistics based on Bray Curtis dissimilarity. There was 

significant difference between dissimilarity ranks between and within classes (p= 0.001 and R 

= 0.26). Though there were significant differences, the R value was low or close to zero and 

therefore factor, Habitat do have an effect, but again not very prominent, on the composition 

of epiphytic orchids. 

 

Figure 3A.18. Boxplot of species richness across three altitude classes. The vertical stripes 
show median richness, the boxes are interquartile range and whiskers max-min ranges (EVEG-
Evergreen, MDEC- Moist deciduous, MEVEG-Montane evergreen, SEVG-Semi evergreen, 
SHLA-Shola, SNPL-Seminatural plantations SVNA-Savanna) 
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Figure 3A.19. Shannon index values for Habitat classes. Error bars are 95% confidence 
intervals (EVEG-Evergreen, MDEC- Moist deciduous, MEVEG-Montane evergreen, SEVG-
Semi evergreen, SHLA-Shola, SNPL-Seminatural plantations SVNA-Savanna) 

 

Figure 3A.20. Analysis of similarity. Dissimilarity ranks between and within sampling groups 
for epiphytic orchid communities using Whittaker’s beta diversity (EVEG-Evergreen, MDEC- 
Moist deciduous, MEVEG-Montane evergreen, SEVG-Semi evergreen, SHLA-Shola, SNPL-
Seminatural plantations SVNA-Savanna) 
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Tree as a spatial scale 

The biodiversity indices across the spatial zones have been discussed in Table 3A.6. 

The number of trees was not similar in different tree zones. Therefore, the rarefied richness at 

3851 individuals showed that Inner Crown Zone (ICZ) had 83 species, followed by Middle 

Crown Zone (MCZ) with 77 species, Trunk zone (TZ) with 66 and Upper Crown Zone (UCZ) 

with 10 species. Lyons et al. (2000) suggested Inner crown as zone with most abundance. 

Figure 3A.21 gives the pattern of species accumulation across these tree zones. ICZ curve 

almost reached asymptote whereas other zones were still growing. UCZ was poorly represented 

probably because of limited access to sampling in UCZ. However, other zones were equally 

sampled for epiphytic orchids. This difference in patterns was further compared amongst 

(Figure 3A.22). Shannon diversity indices were compared and the variance amongst was found 

significant (Welch’s ANOVA, F= 20.96, df= 157.3, at p= 0.05). ICZ was significantly different 

from MCZ (p= 0.005883) and TZ (p= 0.001577). Further, UCZ was significantly different from 

TZ (p= 9.652E-16), MCZ (p= 3.255E-17) and ICZ (p= 4.498E-29). 

Table 3A.6. Orchid diversity in different spatial zones of tree 

Particulars TZ ICZ MCZ UCZ 

Taxa_S 68 87 77 10 

Individuals 5407 9236 3867 103 

Chao-1 species richness 

estimator 
69.5 87.6 81.2 11.5 

Species rarefied at 3851 

individuals 
66 83 77 10 

Biodiversity Indices   

Dominance_D 0.05 0.06 0.05 0.23 

Simpson_1-D 0.95 0.93 0.94 0.76 

Shannon_H 3.33 3.41 3.48 1.72 

Equitability_J 0.79 0.76 0.80 0.74 

Fisher_alpha 10.96 13.29 13.62 2.73 

TZ-Trunk Zone,ICZ-Inner Crown Zone, MCZ-Middle Crown Zone, UCZ- Upper Crwon zone 
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Figure 3A.21. Species accumulation curve per tree spatial zones against orchid abundance (TZ-
Trunk Zone, ICZ-Inner Crown Zone, MCZ-Middle Crown Zone, UCZ- Upper Crwon zone). 

 

Figure 3A.22. Shannon index values for Habitat classes. Error bars are 95% confidence 
intervals (TZ-Trunk Zone, ICZ-Inner Crown Zone, MCZ-Middle Crown Zone, UCZ- Upper 
Crwon zone) 

Correlation between orchid species richness in different tree zones was carried out and 

the correlation matrix with significant correlations (at p= 0.05) are marked bold in the table 

3A.7. All correlations were found positive. The matrix showed significant difference between 

species richness on TZ and other zones indicating a unique species composition of TZ. The 
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ICZ also significantly differed from MCZ. MCZ and UCZ was significantly different from 

each other in species composition. As Nieder et al. (2000) suggests, epiphytes are zone 

separated in vertical distribution. 

Table 3A.7. Spearman’s Rs correlation matrix with correlation coefficients (left diagonal) and 

statistics p uncorrected (right diagonal) where TZ-Trunk Zone, ICZ-Inner Crown Zone, MCZ-

Middle Crown zone, UCZ-Upper crown Zone 

Tree zones TZ ICZ MCZ UCZ 

TZ  1.79E-10* 6.93E-05* 0.02 

ICZ 0.59646 1.51E-10* 0.14661 

MCZ 0.39656 0.59834 0.003 

UCZ 0.23067 0.15008 0.29586   

*scientific notation as value is very small. E-means ‘times ten to the power’ 

 

Figure 3A.23. Hierarchical cluster relationship between different spatial zones of tree via Bray-
curtis dissimilarity. TZ-Trunk zone, ICZ-Inner crown zone, MCZ-Middle crown zone, UCZ-
Upper crown zone. 
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Further, similarity analysis using hierarchical cluster based on Bray Curtis dissimilarity 

between tree spatial zones clearly defined the similarities between zones within crown (Figure 

3A.23).  As agreeing with the above correlations, ICZ and MCZ made a cluster which was 

prominently different from TZ.  However, the tree zone, UCZ was a single cluster different 

from other zones. TZ, ICZ and MCZ are zones in continuum in terms of consistent micro 

environment/habitat conditions. The UCZ was exposed to light and temperature variations and 

accommodated a different and unique assemblage of orchids species that could adapt to such 

unique microhabitat. This unique composition made UCZ stand out as a single cluster. 

Diversity of Endemic Orchids 

Of 95 species recorded, 37 species were found to be endemic to the Western Ghats. 

This made 38 % of total species richness and 39 % of total abundance. The list of endemic 

orchids is given in Table 3A.8. The distribution of richness and abundance of endemic 

epiphytic orchids was plotted across altitude, latitude and habitat. Mid altitude recorded highest 

endemic followed by high altitude and low altitudes (Figure 3A.24). The highest record was 

similar to total diversity. But here, second highest was high altitude unlike before. 

 

Figure 3A.24. Distribution of endemic epiphytic orchids across altitude. 
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Figure 3A.25. Distribution of endemic epiphytic orchids across latitude. 

 

Figure 3A.26. Distribution of endemic epiphytic orchids across habitats (EVEG-Evergreen, 
MDEC- Moist deciduous, MEVEG-Montane evergreen, SEVG-Semi evergreen, SHLA-Shola, 
SNPL-Seminatural plantations SVNA-Savanna). 
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Latitude class 2 (10° 01'-12° N) recorded the highest endemics followed by Latitude 

class1 (8°-10° N) as in total diversity of orchids (Figure 3A.25). Interestingly, In Figure 3A.26, 

EVEG and SNPL habitats recorded similar richness and abundance for endemic orchids. The 

old, large sized native trees in plantations made the habitat competitive with EVEG in the 

southern Western Ghats. Mid altitude class and Latitude class 2 supported abovementioned 

habitats and therefore became the highest in distribution. Further, distribution gradually 

decreased from MEVEG, SHLA, MDEC, SEVG to SVNA. The high representation of 

endemics in the habitat SHLA alone resulted in high altitude class being second highest across 

altitudes. It may be noted that almost species recorded from SHLA vegetation were endemic 

therefore supporting more endemic orchids. 

Table 3A.8. Endemic and non-endemic epiphytic orchids from the study 

Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

ENDEMIC

1 Aerides maculosa 
Lindl.  ✓    ✓ ✓ 

2 Bulbophyllum 
acutiflorum A.Rich. ✓  ✓     

3 
Bulbophyllum 
kaitens (Wight.) 
Rchb.f. 

  ✓     

4 
Bulbophyllum 
mysorense (Rolfe) 
J.J.Sm. 

     ✓  

5 Bulbophyllum 
tremulum Wight. ✓  ✓   ✓  

6 Coelogyne mossiae 
Rolfe. ✓  ✓   ✓  

7 Coelogyne nervosa 
A.Rich. ✓  ✓ ✓ ✓ ✓  

8 Conchidium exile 
Hook.f. ✓   ✓ ✓ ✓  

9 
Conchidium 
filiforme Wight 
(Rauschert). 

✓ ✓   ✓ ✓  

10 
Conchidium 
microchilos Dalzell 
(Rauschert). 

✓  ✓ ✓    
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Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

11 Conchidium nana 
(A.Rich.) Brieger. ✓  ✓   ✓  

12 Dendrobium aquem 
Lindl. ✓   ✓  ✓  

13 Dendrobium 
heyneanum Lindl. ✓   ✓    

14 
Dendrobium 
microbulbon 
A.Rich. 

✓ ✓      

15 Dendrobium nanum 
Hook.f.   ✓     

16 Dendrobium 
nodosum Dalzell. ✓ ✓  ✓  ✓  

17 
Dendrobium 
ovatum (L.) 
Kraenzl. 

 ✓  ✓  ✓ ✓ 

18 
Dendrobium 
panduratum spp 
C.S.Kumar. 

✓  ✓     

19 Eria albiflora 
Rolfe. ✓    ✓ ✓  

20 Eria pauciflora 
Wight. ✓  ✓   ✓  

21 
Eria 
pseudoclavicaulis 
Blatt & McCann. 

✓  ✓     

22 
Gastrochilus 
flabelliformis Blatt. 
& McCann. 

✓       

23 Luisia abrahami 
Vatsala.  ✓    ✓  

24 Luisia evanjelinae 
Blatt & McCann. ✓ ✓    ✓  

25 Luisia macrantha 
Blatt. & McCann.  ✓      

26 Oberonia 
brunoniana Wight. ✓ ✓ ✓ ✓  ✓  

27 

Oberonia 
chandrasekharanii 
V.J.Nair, 
V.S.Ramach. & 
R.Ansari. 

     ✓  
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Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

28 Oberonia 
platycaulon Wight. ✓     ✓  

29 Oberonia santapaui 
Kapadia.    ✓    

30 Oberonia 
verticillate Wight.   ✓   ✓  

31 
Pinnalia  
mysorensis (Lindl) 
Kuntze. 

✓ ✓ ✓     

32 Pinnalia 
polystachya A.Rich.      ✓  

33 
Rhytionanthos 
indicus C.S.Kumar 
& Garay. 

✓       

34 
Robiquetia 
josephiana Manilal 
& C.S.Kumar. 

  ✓     

35 
Seidenfadeniella 
rosea (Wight) 
C.S.Kumar. 

✓  ✓     

36 
Smithsonia 
straminea 
C.J.Saldanha. 

 ✓  ✓    

37 
Xenikophyton 
smeeanum (Rchb.f.) 
Garay. 

✓  ✓ ✓ ✓   

NON-ENDEMIC 

38 Acampe ochracea 
(Lindl.) Hochr.  ✓    ✓  

39 
Acampe praemorsa 
(Roxb.) Blatt & 
McCann. 

 ✓  ✓   ✓ 

40 Aerides crispa 
Lindl. ✓ ✓  ✓  ✓  

41 
Aerides ringens 
(Lindl.) 
C.E.C.Fisch. 

✓ ✓  ✓ ✓ ✓ ✓ 

42 
Bulbophyllum 
aureum (Hook.f.) 
J.J.Sm. 

  ✓   ✓  
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Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

43 Bulbophyllum 
fischeri Seidenf.   ✓  ✓ ✓  

44 
Bulbophyllum 
fuscopurpureum 
Wight. 

✓  ✓   ✓  

45 
Bulbophyllum 
neilgherrense 
Wight. 

 ✓  ✓  ✓  

46 
Bulbophyllum 
sterile (Lam.) 
Suresh. 

✓     ✓  

47 Chiloschista pusilla 
Schlechter. ✓ ✓ ✓ ✓    

48 
Cleisostoma 
tenuifolium (L.) 
Garay. 

✓ ✓  ✓  ✓  

49 Coelogyne 
breviscapa Lindl. ✓   ✓  ✓  

50 Coelogyne 
odoratissima Lindl.     ✓   

51 
Conchidium 
braccatum (Lindl.) 
Ormerod. 

✓  ✓  ✓   

52 
Cottonia 
peduncularis 
(Lindl.) Rchb.f. 

✓ ✓  ✓  ✓  

53 Cymbidium 
aloifolium (L.) Sw.  ✓ ✓ ✓  ✓  

54 
Dendrobium 
heamoglossum 
Thw. 

✓     ✓  

55 Dendrobium 
herbaceum Lindl. ✓ ✓ ✓ ✓  ✓  

56 
Dendrobium 
heterocarpum Wall. 
ex Lindl. 

✓   ✓  ✓  

57 Dendrobium 
jerdonianum Wight. ✓    ✓   

58 
Dendrobium 
macrostachyum 
Lindl. 

✓ ✓ ✓ ✓  ✓  
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Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

59 Dendrobium nutans 
Lindl. ✓  ✓     

60 
Dendrobium 
nutantifolium 
J.J.Sm. 

✓       

61 Diplocentrum 
recurvum Lindl.   ✓   ✓  

62 Eria reticosa 
Wight. ✓ ✓  ✓  ✓  

63 
Gastrochilus 
acaulis (Lindl.) 
Kuntze. 

✓ ✓ ✓ ✓  ✓  

64 Kingidium 
deliciosum Rchb.f.    ✓    

65 Kingidium niveum 
C.S.Kumar. ✓ ✓ ✓ ✓ ✓ ✓  

66 Liparis elliptica 
Wight. ✓  ✓   ✓  

67 Liparis viridiflora 
(Blume) Lindl. ✓ ✓ ✓ ✓  ✓  

68 Luisia birchea 
Blume.   ✓   ✓  

69 Luisia zeylanica 
Lindl.  ✓ ✓ ✓  ✓  

70 Oberonia bicornis 
Lindl. ✓ ✓ ✓    ✓ 

71 
Oberonia 
ensiformis (Sm.) 
Lindl. 

   ✓  ✓  

72 Oberonia tenuis 
Lindl.  ✓  ✓ ✓ ✓  

73 
Papilionanthe 
subulate (Willd.) 
Garay. 

✓  ✓   ✓  

74 Pholidota imbricate 
Hook. ✓ ✓  ✓  ✓  

75 

Polystachya 
concreta (Jacq.) 
Garay & H.R. 
Sweet. 

✓ ✓  ✓  ✓ ✓ 
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Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

76 Pomatocalpa 
spicata Breda.   ✓     

77 Porpax jerdoniana 
(Wight) Rolfe.  ✓  ✓ ✓   

78 Porpax reticulata 
Lindl.  ✓      

79 

Pteroceras 
leopardianum 
(C.S.P.Parish& 
Rchb.f) Seidenf & 
Smitinand. 

✓  ✓  ✓   

80 Rhyncostylis retusa 
(L.) Blume.  ✓  ✓  ✓ ✓ 

81 
Robiquetia aff. 
Virescens Ormerod 
& S.S.Fernando. 

  ✓     

82 Robiquetia gracilis 
(Lindl.) Garay. ✓     ✓  

83 
Schoenorchis 
gemmate (Lindl.) 
J.J.Sm. 

✓     ✓  

84 Schoenorchis 
niveum (Lindl.) ✓  ✓ ✓  ✓  

85 

Seidenfadeniella 
filiformis (Rchb.f.) 
Christenson & 
Ormerod. 

✓    ✓ ✓  

86 
Sirhookera 
lanceolate (Wight) 
Kuntze. 

✓  ✓ ✓  ✓  

87 Sirhookera latifolia 
(Wight) Kuntze. ✓ ✓ ✓  ✓  ✓ 

88 Taeniophyllum 
alwisii Lindl. ✓   ✓    

89 Thelasis pygmaea 
(Griff.) Lindl. ✓  ✓     

90 Trias stocksii 
Benth.ex. Hook.f. ✓ ✓ ✓ ✓  ✓  

91 Trichoglottis tenera 
(Lindl.) Rchb.f. ✓  ✓  ✓   
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Sl 
no. Epiphytic Orchids EVEG MDEC MEVEG SEVG SHLA SNPL SVNA

92 
Vanda tessellate 
(Roxb.) Hook. ex 
G.Don 

✓ ✓  ✓  ✓  

93 Vanda Testacea 
(Lindl.) Rchb.f.  ✓     ✓ 

94 Vanda thwaitesii 
Hook.f.    ✓  ✓  

95 Vanila wightii 
Lindl. ex Wight. ✓       

(EVEG-Evergreen, MDEC- Moist deciduous, MEVEG-Montane evergreen, SEVG-Semi 
evergreen, SHLA-Shola, SNPL-Seminatural plantations SVNA-Savanna) 

Community structure of epiphytic orchids 

Based on the selected data of 100 host trees (as detailed in 3.A.3, community structure), 

structure of epiphytic orchid communities was investigated. The host trees tested for similarity 

in composition using hierarchical cluster analysis (Figure 3A.27.) found that there was cluster 

formation among host trees based on their epiphytic orchid composition. These trees were cut 

into four major groups (k= 4) based on Bray Curtis dissimilarity. If cut at height 700, again 

four clusters could be observed. Each cluster represent host trees that are most similar to one 

another in epiphytic orchid composition. Further, to re test, epiphytic orchids on these trees as 

a whole was tested for structural assemblage as a response to their host trees using classic MDS 

(PCO). There was a distinct cluster of epiphytic orchids explained along the host trees (Figure 

3A.28). The structure of phorophyte assemblage provide a wide spectrum of epiphyte habitats 

and influences the composition. The clustered nature of host trees and assemblage of epiphytes 

as a response to the host trees indicates that epiphytic orchids exhibit assemblages. This 

assemblage among 100 trees was further explored at various levels, such as habitat (mega 

habitat), tree (macrohabitat) and substrate levels (microhabitat) using model building in CCA. 

As Nieder et al. (2000) suggests, epiphytes are clumped in horizontal distribution. 
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Cluster Dendrogram 

 

 

Figure 3A.27. Hierarchical cluster relationship between selected host trees based on epiphyte 
assemblage across habitat types. Tree cut into k=4 groups and distance of split/height depends 
on trees and its composition of orchids. 

 
Figure 3A.28. Classic multidimensional scaling of epiphyte species abundance on selected 
trees. 
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Structural assemblage at habitat level (megahabitat) 

Model building in CCA had considered all variables at habitat level such as 

habitat/vegetation type, degree of slope, slope aspect and distance to water. The initial blank 

model selected variables that were significantly affected the model. Those variables with 

lowest AIC value, largest F value and smallest p value are marked in Table 3A.9. The variables 

with highest significance, (degree of) slope and distance to water have been represented in the 

CCA plot (Figure 3A.29) as most determining of the community of epiphytic orchids at the 

habitat level. The significance of model was tested using ANOVA permutation (N= 999) and 

given in Table 3A.10. Here, habitat variable, distance to water was found not significant.  As 

per model built in CCA, the most effective model of structural assemblage of epiphytic orchids 

at megahabitat level is best explained by the slope of the habitat and distance to water. 

Table 3A.9. Model building using CCA; selection of variables with significance 

Variables Df AIC F Pr(>F) 

<None> - 823.41 - - 

Habitat 6 828.31 1.1408 *0.05 

Slope 1 823.99 1.3956 *0.015 

Slope.aspect 7 828.32 1.2496 0.08 

Distance.to.water 1 823.95 1.438 *0.03 

Significance scale:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 3A.10. Permutation ANOVA test on the most effective model terms produced the below 

Chart of significance. 

Variables Df Chisq F Pr(>F) 

Habitat 6 2.1872 1.1468 *0.047 

Slope 1 0.4437 1.3961 *0.016 

Distance.to.water 1 0.3483 1.0958 0.296 

Residual 91 28.9246 - - 

Significance scale:  0‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure 3A.29. Canonical correspondence analysis of epiphytic orchids at habitat level 
(megahabitat).  Model is significant (permutation test). 

Structural assemblage at Tree level (macrohabitat) 

The structure of epiphytic orchids was plotted along variables at tree level such as 

Height of tree, GBH and Bark. The initial blank model selected all variables that significantly 

affected the model. Those variables with lowest AIC value, largest F value and smallest p value 

are marked in Table 3A.11. The variables with largest effect on the community at tree level 

were bark nature followed by GBH/size and height of tree respectively. These significant 

variables have been plotted in the model using CCA (Figure 3A.30). The significance of the 

model was tested using permutation test ((N= 999); Table 3A.12) and found all variables 

significant. All three variables bark, GBH and height of tree at the level of tree/macrohabitat 

was found determining the assemblage of epiphytic orchids. 
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Figure 3A.30. Canonical correspondence analysis of epiphytic orchids at tree level 
(macrohabitat).  Model is significant (permutation test). 

Table 3A.11. Model building using CCA; selection of variables with significance 

Variables Df AIC F Pr(>F) 

<None> - 815.94 - - 

Height.of.tree 1 816.54 1.3875 *0.05 

GBH 1 815.86 2.0609 *0.04 

Bark.nature 1 816.43 1.493 **0.01 

Significance scale:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Table 3A.12. Permutation ANOVA test on the most effective model terms produced the below 

Chart of significance. 

Variables Df Chisq F Pr(>F) 

Height.of.tree 1 0.2878 1.4145 *0.016 

GBH 1 0.4903 2.4098 *0.034 

Bark.nature 1 0.3041 1.4948 **0.009 

Residual 96 19.532 - - 

Significance scale:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Structural assemblage at substrate level (microhabitat) 

The structure of epiphytic orchids was plotted along variables at substrate level such as 

orientation, substrate inclination with tree, inclination aspect of substratum, substrate girth, 

position of substratum on tree and height on phorophyte. The initial blank model selected all 

variables that significantly affected the model. Those variables with lowest AIC value, largest 

F value and smallest p value are marked in Table 3A.13. The variables with largest effect on 

the community at substrate level were inclination aspect, substrate girth and position on tree 

according to the model. These variables have been selectively plotted in the CCA (Figure 

3A.31). The significance of the model was tested using permutation test ((N= 999); Table 

3A.12). Interestingly, the significant variables from the model did not match with the 

significant variables in permutation. Substrate girth, substrate inclination, orientation and 

height on phorophyte were found significant in permutation. Still, the tools could reveal distinct 

assemblage of epiphytic orchids at substrate/microhabitat level. 
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Figure 3A.31. Canonical correspondence analysis of epiphytic orchids at substrate level 
(microhabitat).  Model is significant (permutation test). 

Table 3A.13. Model building using CCA; selection of variables with significance 

Variables Df AIC F Pr(>F) 

<None> - 815.94 - - 

Orientation 1 816.54 1.3875 *0.05 

Substrate.inclination 1 816.32 1.6038 **0.01 

Inclination.aspect 1 816.26 1.6633 **0.005 

Substrate.girth 1 815.36 2.5659 **0.005 

Position.on.tree 1 815.93 1.987 **0.005 

Height on 

phorophyte 1 816.37 1.5491 *0.015 

Significance scale:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Table 3A.14. Permutation ANOVA test on the most effective model terms produced the below 

Chart of significance. 

Variables Df Chisq F Pr(>F) 

Orientation 1 0.2878 1.4373 *0.024 

Substrate.inclination 1 0.3322 1.6589 **0.003 

Inclination.aspect 1 0.2561 1.2792 0.077 

Substrate.girth 1 0.4799 2.3966 ***0.001 

Position.on.tree 1 0.303 1.513 0.051 

Height on phorophyte 1 0.3343 1.6695 *0.021 

Residual 93 18.621 - - 

       Significance scale:   0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

3A.5. Discussion 

The study resulted in finding 95 species of epiphytic orchids (54 % of epiphytic orchids 

in the Western Ghats) from 1134 trees across seven different habitat types, three latitude classes 

and altitude ranging from 30 MSL to 2400 MSL. Of 13445 trees sampled in Varagalaiar, 4.3 

% trees supported epiphytes; of which 54 % were orchids (Annaselvam and Parthasarathy 

2001). This study found 55 % of sampled trees supporting epiphytic orchids. This is in accord 

with earlier reports from tropics (Richards 1996). The pattern of species accumulation across 

transects supported the efficiency of the sampling effort. Therefore, the integrated method, 

LLTSTS was found to be effective for recording the diversity and distribution of epiphytic 

orchids. 

Mid altitude (800-1600msl) was found having Shannon diversity index, H’ 3.5 

followed by low altitude (2.9) and high altitude (2). The difference between Shannon index 

across classes was found significant (p < 0.05). However, the comparison between classes for 

richness was not significant. Further, there was no significant correlation between altitude and 

species richness/abundance. Still, mid altitude had a more even and diverse community 

according to the RAD model when compared with low and high altitudes. But the negative 

correlation indicated that with increasing altitude species richness/abundance decreases. 

ANOSIM also confirmed that altitude has an effect on epiphytic orchid composition. 

Nonetheless, the pattern in richness of epiphytic orchids may be discussed in the light of mid 
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altitude effect for orchids as seen in Mexico and Reunion islands (Wolf and Flamenco 2003; 

Jacquemyn et al., 2007). Mid altitude supports more species. This is probably as Gentry and 

Dodson (1987a) explains, a function of habitat diversity, finer niche partitioning and 

evolutionary explosion. On the scale of latitude, latitude class 10° 01'-12° N had high species 

richness (70, H’= 3.4, latitude class 8°-10°N recorded high Shannon index for diversity (67, 

H’= 3.48). The variance in diversity indices was found significant (ANOVA and post hoc test). 

Likewise, comparison of richness also found both classes to be significantly different from one 

another (p < 0.05). Interestingly, both these classes showed RAD models with more even 

community with high abundance. A comparison found these classes significantly different 

from each other owing to the abundance patterns (p< 0.05). Correlation between latitude and 

species richness and abundance was found to be negative and also significant (Spearman rank 

correlation rho). R statistic of ANOSIM (0.02) indicated the small negative effect latitude has 

on species diversity and distribution. Latitude class above 12°N was not sampled enough due 

to limited sampling area. Though there are patterns to observe as a result of latitude (Aragon 

et al., 2012), this could be a combined effect of different habitat availability and opportunity 

for niche partitioning or vast climatic gradients. (Gentry and Dodson 1987a). The distribution 

of epiphyte orchids mostly centred around mid-altitude, lower latitude classes(here) mirrors 

the effect discussed by Stevens (1992); Colwell and Lees (2000) and many others. ANOSIM 

seemed to be sensitive of outliers and other factors so it is not considered as a conclusive tool. 

The highest Shannon diversity was observed for habitat SNPL (3.05) followed by 

EVEG (3.03) though highest species richness was in EVEG (58) and least in SHLA (17). When 

these diversity indices were compared, all habitats were found significant from each other 

except SNPL and EVEG. This indicates they offer very similar structural support for epiphytic 

orchids. Sinu et al. (2011) suggested this high richness in similar farmer managed forests. 

However, epiphyte density was greater in deciduous trees than evergreen forests in eastern part 

of the Western Ghats (Annaselvam and Parthasarathy 2001). Also, Lognormal RAD models 

showed communities with high evenness and high abundance. Whereas, in other habitats it was 

steeper with few species as dominants. The comparison between richness across habitats was 

however, not found significantly different. The diversity of microhabitats in different habitats 

could be highly diverse as suggested by Jalal and Rawat (2009) and McCune et al. (2000). 

ANOSIM complemented the analysis confirming that habitat effect on epiphytic orchid 

composition is positive but small. Tree, had spatial zones in itself such as TZ, ICZ, MCZ and 

UCZ. ICZ had highest species richness (83, H’= 3.41) and MCZ had second highest species 
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richness but higher Shannon index (3.48) owing to abundance. This reflected patterns as 

discussed in Lyons et al. (2000). It is probably due to the deposition of nutrients and other 

organic matter. Further, other substrate characteristics like angle of substrate and orientation 

could also augment this. The comparison of diversity indices and correlation matrix affirms 

that each zone is significantly different from each other (p< 0.05). Hierarchical cluster 

differentiated UCZ as very distinct tree spatial zone with a unique composition of epiphytic 

orchids, mostly specialists. Further, second cluster placed ICZ and MCZ together because of 

more similar composition and TZ was unique in its epiphytes. (Quaresma and Jardim 2014). 

Endemic orchids to the Western Ghats made a noticeable appearance (38 %) in the total 

orchids. Mid altitude recorded highest endemic followed by high altitude. It was different from 

the trend of species richness in total orchids. This difference could be attributed to the high 

endemism showed by SHLA habitat in high altitude class. Latitude class2 (10°01'-12° N) 

recorded the highest endemics followed by Latitude class1 (8°-10° N) similar as that of total 

diversity of orchids. Remarkably, EVEG and SNPL habitats recorded similar richness and 

abundance for endemic orchids. The old, large sized native trees in plantations made the habitat 

competitive with EVEG in the southern Western Ghats. Most endemic orchids were recorded 

in more than one habitat becoming generalists except nine species. However, data may not be 

sufficient to say whether they are specialists. The diversity patterns of total orchids and 

endemic orchids indicates that the SNPL habitat is no different from EVEG habitat in favouring 

orchids. 

Hierarchical clustering identified a large clustering or aggregation among host trees 

based on orchid composition on transects (Tremblay 1997). Classic MDS also suggested a 

clustered nature of epiphytes on these host trees. Model prepared in CCA during ordination at 

mega habitat level identified slope (p= 0.015) and distance to water (p= 0.03) as most 

influencing variables. The degree of slope determines amount of light availability, thus 

temperature and atmospheric moisture. ANOVA found only variables habitat and slope as 

significant. Whereas model at tree level identified bark nature (p= 0.01) as most influencing 

and variables GBH (p= 0.04), Height of tree (p= 0.05) also significant. This was supported by 

ANOVA permutation. Model building in CCA identified all variables at substrate level as 

influencing the structure of epiphyte assemblage. But according to ANOVA permutation, 

substrate girth, substrate inclination, orientation and height on phorophyte were significant in 

determining structure of epiphytes at microhabitat. The results obtained agrees with Oloyede 
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et al. (2014); Zhao et al. (2015), Woods et al. (2015) and previous works that the influence of 

tree and substrate characteristics determines structure of epiphyte assemblages. 

The patterns in diversity and distribution of epiphytic orchid diversity is influenced by 

altitudinal, latitudinal, habitat gradients and tree spatial zones. The community structure of 

epiphytic orchids is influenced by the selected variables at microhabitat/substrate, 

macrohabitat/tree and megahabitat levels. 
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Plate 3A.1. Orchids from the study area 
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Plate 3A.2. Orchids from the study area 
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Plate 3A.3. Orchids from the study area 
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Plate 3A.4. Orchids from the study area 
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3B. SPECIFICITY TOWARDS HOST 

3B.1. Review of Literature 

By examining all the characteristics of tree and substratum of all phorophytes covered 

in the data, this chapter tested if epiphytes show a preference between host characteristics and 

within gradients of each characteristic. 

The relationship between epiphytes and phorophytes still remain complicated. Host 

specificity is the exclusive existence of an epiphyte species on a single host species (terSteege 

and Cornelissen 1989; Tremblay et al., 1998). Exclusive specificity of one epiphyte species on 

one host species was however hardly observed (Tremblay et al., 1998). Host preference is the 

greater abundance of an epiphyte species on a few host species (terSteege and Cornelissen 

1989). Several studies regarding tree specificity yielded contrasting results. Several researchers 

reported favourable and unfitting host species for epiphytes (Valdivia 1977; Zotz and Andrade 

2002). Some studies from different parts of tropical countries stated no specificity among 

orchids towards specific host tree species (Laube and Zotz 2006) or host characteristics 

(Migenis and Ackerman 1993). Meanwhile, Diaz Santos (2000) found that orchids appear to 

show preference for particular tree genera. However, there are certain epiphyte communities 

that are differentiated by tree species (Frei 1973; Brown 1990; Wolf 1993b; Hietz and Hietz-

seifert 1995b; Carlsen 2000). A challenge for testing host specificity/preference is that host 

species differ in abundance. Further, epiphytes could be host limited. Host limitation is the 

concentration of epiphytes on a few host species as a result of the scarcity of habitable hosts 

(Vergara-Torres et al., 2010). Therefore, host-epiphyte associations involve different treatment 

and become a very gentle subject to be examined. 

In these challenging conditions, many studies have used specificity as a term for 
preference of epiphytes towards certain characteristics of host trees. Epiphytes specifically 
associated with tall trees, rough bark, larger diameters and crown dimensions was found in 
Argentina (Malizia 2003). Age, pH of bark, presence or absence of fungi were found to be 
influencing epiphytes in temperate region (Fritz et al., 2009). Specificity of epiphytes towards 
trunks has been conferred in few studies. Trunks of tree ferns were found offering an 
uncommon substrate for epiphytes (Hietz and Wolf 1996; Moran et al., 2003; Mehltreter 2008). 
Bark traits such as shedding, texture affect epiphyte communities that develop on trunk of trees 
(Wyse and Burns 2011). Epiphytes increased on trees with larger host size in cloud forests 
(Mehltreter et al., 2005). Both species and host trait, diameter could be often influencing the 
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epiphyte composition, as in a warm temperate forest (Hirata et al., 2008). Therefore, the 
specificity may be observed for host characteristics, for example tree architecture (Zotz and 
Andrade 2002), bark relief, water retention capacity (Castro Hernandez et al., 1999; Callaway 
et al., 2002), allelopathic components (Frei and Dodson 1972; Benzing 1990), bark roughness 
or smoothness (Johansson 1974;  Hietz and Hietz-seifert 1995b; Carlsen 2000), tree diameter 
(Garcia-Franco and Peters 1987; Catling and Leftkovitch 1989; Zimmerman and Olmsted 
1992; Hietz and Hietz-seifert 1995a; Hietz and Hietz-seifert 1995b; Frieberg 1996; Flores-
Palacios and Garcia-Franco 2006; Bergstrom and Carter 2008) or crown size (Yeaton and 
Gladstone 1982). Interestingly, the much-discussed tree size can be measured as height or 
diameter. Though tree size is important for epiphytes, a different perspective suggests that 
saturation of a tree by epiphytes sometimes result in no increase in species richness with 
increase in tree size. The young trees have to age and become large to get saturated by epiphytes 
(Flores-Palacios and Garcia-Franco 2006). Characteristics of trees such as tree size, age and 
environmental diversity change over time. For example, with increasing height, vertical 
microclimatic gradient increases supporting epiphytes and it ends at one time as the maximum 
tree height is stable over time (Van Pelt and Nadkarni 2004). It is difficult to distinguish which 
of these factors would explain epiphyte species richness clearly. Yeaton and Gladstone (1982) 
reasoned for age, whereas Lyons et al. (2000) owe it to tree size. Tree bark and diameter might 
favour epiphytes by providing space and time for their establishment and growth (Hietz and 
Hietz-seifert 1995a).  It is very likely that more than diameter, bark and zone, other 
characteristics also become specific for the epiphyte community. Annaselvam and 
Parthasarathy (2001) was the only study on epiphytes in the Western Ghats and it suggested 
possibility of tree diameter specificity among epiphytes. 

3B.2. Methodology 

3B.2.1. Hypothesis 

The present study tested the following hypothesis: i) the composition of epiphytic 
orchids might not be specific to the characteristics of the host 

3B.2.2. Field Sampling and Characterisation of Units 

The basic structure of data collection followed LLTSTS (Chapter 2.4.3). As discussed 
in 3A Table 1, characterisation of variables at the level of tree/macrohabitat and substratum 
level/microhabitat have been identified. About 25% of tree species remain unidentified, rather 
than species specificity as the present study addressed preference of epiphytes for host 
characteristics. 
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3B.3. Data Analysis 

Data analysis involved all 1134 phorophytes that recorded orchids (of 2030 trees 

sampled) from 203 transects. In order to have clarity in results/patterns obtained, first 100 

phorophyte individuals that provided highest relative abundance towards abundance of orchids 

(62%) was also calculated (Nieder and Zotz 1998). Spearman (rs) correlation coefficient was 

used to understand the degree of correlation between species richness of orchids and predictors 

such as host characteristics. The significance of the correlation was also tested and only these 

significant variables have been further used in building a regression model in R (version 3.6.0). 

Shannon diversity was plotted against the tree characteristics as a blank regression model. Then 

variables with smallest AIC (Akaike Information criteria), largest F value and smallest p value 

were selected and added to the model to understand the level of significance. Fitness of the 

model was tested. The specificity of orchids within each tree characteristics was also plotted 

as mean and whisker plots against species diversity and abundance. This was tested with one-

way ANOVA and Tukey’s pairwise post hoc to find out significantly different classes within 

each characteristic from the rest. 

3B.4. Results 

Correlating species richness of epiphytic orchids to host characteristics 

Position on tree, Position on substratum, Substrate inclination aspect and substrate girth 

were the variables most strongly correlated to the number of species of epiphytic orchids. 

Whereas, when the entire phorophyte sample size (N= 1134) was considered, GBH of tree was 

also strongly correlated with species richness of orchids (Table 3B.1.). Therefore, GBH of tree 

was also used to create a regression model. Since selected phorophyte sample of N= 100 

yielded four significant correlations, regression model was based on the same sample. 

In regression model, correlation matrix based on Pearson correlation identified 

variables such as position on tree, position on substratum, inclination aspect and substrate girth 

as variables that have correlation coefficients >0.2. Therefore, all these variables except, size 

of tree was found influencing the model in a significant way (Table 3B.2.). This regression as 

a scatter plot with locally weighted polynomial smoother for significant variables visualized 

the model (Plate 3B.1.) Though, the lowess () line showed a kink in case of position of 

substratum, the regression model was found significant with R2 value of 0.627. Interestingly, 

deviating from the usual predictors tree size, bark characteristics in literature, this data suggests 
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position of epiphytes on the substratum, position of substratum on tree/zone preferred (, 

inclination of the substratum with the tree and substrate girth as predictors for epiphyte 

composition in the southern Western Ghats. This indicates the structural variations or 

microhabitat availability within a tree are preferred by epiphytes rather than tree height, bark 

or even size. 

Table 3B.1.Spearman (rs) correlation coefficients between predictors and the number of 
species on host trees as a whole and selected 100 based on highest relative abundance. 
Significance is marked with asterisk (Significant coefficients are marked as *p<_0.05, 
**p<0.01, ***p<0.001). 

Tree characteristics N=1134 N=100 

Height of tree 0.008 -0.036 

Bark type 0.001 -0.031 

GBH of tree ***0.119 0.181 

Position on tree **0.081 ***0.309 

Substrate girth -0.031 *-0.196 

Height on tree 0.014 0.006 

Substrate inclination with tree -0.005 0.137 

Substrate inclination aspect 0.047 **0.226 

Position on substratum *-0.063 ***-0.346 

Table 3B.2.Regression Model: Model: H ~ 1, R2 =0.627 

Model variables Df Sum fo Sq RSS AIC F value Pr(>F)

Inclination aspect 1 0.60857 7.337 -257.22 8.1286 **0.00531

Substrate girth 1 0.50044 7.4452 -255.76 6.5873 *0.01178

Position on tree 1 0.85798 7.0876 -260.68 11.8632 ***0.00084

GBH of tree 1 0.05596 7.8896 -249.96 0.6951 0.40647

Position on substratum 1 0.95894 6.9867 -262.12 13.4508 ***0.00039

Significance scale:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Plate 3B.1. Shannon index against variables that influenced the regression model the most (for 
N= 100 phorophytes). Line=locally weighted polynomial smoother. a. Position on tree b. 
Position on substratum c. Inclination aspect d. Substrate girth 

 

Specificity of orchids towards host tree characteristics 

Specificity of orchids towards height of tree 

The tree height class 10.1-20m had highest abundance (51 %) and richness (77 %) 

among different height classes. This was the most sampled average height across habitats. This 

was followed by 1-10 m, 20.1-30 m and >30 m respectively (Figure 3B.1.). The variance 

between groups was significant; height class 10.1-20 m was significantly different from 10.1-

20 m and 20.-30 m (ANOVA, Tukey’s post hoc pairwise comparisons, p< 0.05, Table 3B.3.).  

However, the number of hosts sampled in larger height classes were less. It might have 

influenced the pattern. 

1.0 1.5 2.0 2.5 3.0 3.5

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

Position.on.tree

sh
an

no
n 

di
ve

rs
ity

,H

1.0 1.5 2.0 2.5 3.0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

position.on.substratum

sh
an

no
n 

di
ve

rs
ity

,H

0 2 4 6 8

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

Inclination.aspect

sh
an

no
n 

di
ve

rs
ity

,H

0 100 200 300 400

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

substrate.girth

sh
an

no
n 

di
ve

rs
ity

,H

a b

c d



 
 

120 
 

 

Figure 3B.1. Mean and whisker plot of orchid abundance across classes of height of tree 
wherein standard error is represented by whisker type. 

Table 3B.3.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 

Sum of 

sqrs 
df 

Mean 

square 
F p (same) 

428918 3 142973 7.368 8.26E-05 

Welch F test in the case of unequal variances: F=10.59, df=180.2, p=1.901E-06 

Tukey’s post hoc 

following ANOVA 
1-10m 10.1-20m 20.1-30m >30m 

1-10m 0.05631 0.95 0.15

10.1-20m 3.585 0.01 3.04E-05*

20.1-30m 0.7152 4.3  0.38

>30m 2.957 6.542 2.242 

*scientific notation as value is very small. E-means ‘times ten to the power of’ 
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Specificity of orchids towards bark type 

The abundance and richness of epiphytic orchids gradually decreased from smooth bark 

(45% of abundance, 87 % of richness) to cracked, rough and spiny bark types (Figure 3B.2.). 

The variance between bark categories was significant; spiny bark was significantly different 

from other bark types (ANOVA, Tukey’s post hoc pairwise comparisons, p< 0.05, Table 3B.4). 

Cracked and rough also supported high abundance and richness. So, the difference could be 

due to the sampling size in each class. 

 

Figure 3B.2. Mean and whisker plot of orchid abundance across classes of ‘bark type’ wherein 
standard error is represented by whisker type. 

Table 3B.4.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 
Sum of sqrs df Mean square F p (same) 

348812 3 116271 7.863 4.22E-05 

Welch F test in the case of unequal variances: F=18.15, df=160.1, p=3.447E-10 

Tukey’s post hoc 

following ANOVA 
Smooth Cracked Rough Spiny 

Smooth  0.1817 0.1666 1.19E-05*

Cracked 2.859 1 0.02

Rough 2.92 0.06075 0.03

Spiny 6.828 3.969 3.908

*scientific notation as value is very small. E-means ‘times ten to the power of’ 
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Specificity of orchids towards GBH of tree 

Epiphytic orchid abundance (31%) and richness (86%) was highest in tree size class 

50.1-100cm and classes 100.1-150 cm,150.1-200 cm,>200 cm was almost similar in 

composition (Figure 3B.3.). The difference could be difference in sampling size across classes. 

However, tree size class 2.4-50 cm was the least preferred class amongst. The variance among 

the classes were significant; class 50.1-100 cm was significantly different from lowest size 

class, 2.4-50 cm (ANOVA, Tukey’s post hoc pairwise comparisons, p< 0.05, Table 3B.5).  This 

indicates as tree size increases or with age or environmental density, chances of epiphyte 

colonization increases (Flores-Palacios and Garcia-Franco 2006) as Sinu et al. (2011) had 

found that epiphytic orchid abundance and richness in forest fragments in the Western Ghats 

increased with abundance of large trees. 

 

 

Figure 3B.3. Mean and whisker plot of orchid abundance across classes of GBH of tree wherein 
standard error is represented by whisker type. 
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Table 3B.5.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 
Sum of sqrs df Mean square F p (same) 

137568 4 34392 3.152 0.01418 

Welch F test in the case of unequal variances: F=6.934, df=204.4, p=2.973E-05 

Tukey’s post hoc 

following ANOVA 
2.4-50cm 50.1-100cm 100.1-150cm 150.1-200cm >200cm 

2.4-50cm  0.01 0.25 0.09 0.84

50.1-100cm 4.53 0.75 0.94 0.18

100.1-150cm 2.85 1.68 0.99 0.85

150.1-200cm 3.49 1.03 0.64  0.59

>200cm 1.45 3.08 1.40 2.04 

 

Specificity of orchids towards position on tree 

The most preferred position on a phorophyte was primary branches (49 % abundance 

and 91 % of species richness) followed by trunk, secondary, tertiary and quaternary (Figure 

3B.4.). The difference among classes were significant; trunk was significantly different from 

tertiary and quaternary branches and primary branches was significantly different from 

secondary, tertiary and quaternary branches in composition (ANOVA, Tukey’s post hoc 

pairwise comparisons, p< 0.05, Table 3B.6). Primary branches and trunk /or lower canopy tend 

to maintain microclimatic conditions and hence microhabitats with minor variations supporting 

orchids. Trunk was most preferred in a tropical evergreen forest in Varagalaiar (Annaselvam 

and Parthasarathy 2001). 
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Figure 3B.4. Mean and whisker plot of orchid abundance across classes of position on tree 
wherein standard error is represented by whisker type. 

Table 3B.6.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 611381 4 152845 11.42 7.41E-09 

Welch F test in the case of unequal variances: F=16.03, df=211.8, p=1.75E-11 

Tukey’s paiwise post 

hoc following ANOVA 
Trunk Primary Secondary Tertiary Quaternary 

Trunk  0.11 0.77 0.01 0.008

Primary 3.39 0.003 3.54E-07* 1.81E-07*

Secondary 1.63 5.02 0.24 0.19

Tertiary 4.53 7.92 2.89  0.99

Quaternary 4.70 8.10 3.07 0.17 

*scientific notation as value is very small. E-means ‘times ten to the power of’ 
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Specificity of orchids towards Height of substratum on tree 

The most preferred height of substratum on tree was <5 m (50% abundance and 90% 

species richness) and the composition gradually decreased to the largest height class (Figure 

3B.5.). The variance between classes was significant; two lowermost height classes were 

significantly different from the higher most classes for the substratum (ANOVA, Tukey’s post 

hoc pairwise comparisons, p< 0.05, Table 3B.7). As seen in case of position on tree, trunk, 

primary branches were mostly limited to lower heights from 1-10m and therefore made these 

classes significantly different. 

 

Figure 3B.5. Mean and whisker plot of orchid abundance across classes of height of substratum 
on tree wherein standard error is represented by whisker type. 

Table 3B.7.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 572735 3 190912 13.9 1.31E-08

Welch F test in the case of unequal variances: F=17.76, df=176.8, p=4.03E-10 

Tukey’s pairwise post 

hoc following ANOVA 
<5m 5.1-10m 10.1-15m >15m

<5m 0.49 1.31E-05* 5.00E-07*

5.1-10m 2.00 0.004 0.0003

10.1-15m 6.79 4.79 0.91

>15m 7.73 5.73 0.93

*scientific notation as value is very small. E-means ‘times ten to the power of’ 
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Specificity of orchids towards Position on substratum 

The composition of orchids based on position of orchids on substratum was highest in 

lateral (92 % abundance and 97 % richness) and gradually decreased to upper, lower and 

whorled (all over) categories (Figure 3B.6.). The variance across classes was significant; lateral 

position was significantly different from all other position categories on substratum (ANOVA, 

Tukey’s post hoc pairwise comparisons, p< 0.05, Table 3B.8).  The lateral arrangement of 

orchids on substratum could be a mechanism of trapping light, humus and nutrients. 

 

Figure 3B.6. Mean and whisker plot of orchid abundance across classes of position on 
substratum wherein standard error is represented by whisker type. 

Table 3B.8.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 2.24E+06 3 745718 33.99 1.85E-19 

Welch F test in the case of unequal variances: F=20.11, df=157, p=4.425E-11 

Tukey’s pairwise post hoc 

following ANOVA 
Upper Lower Lateral All over 

Upper  1 0 0.98 

Lower 0.01  0 0.98 

Lateral 11.49 11.51  0 

All over 0.46 0.44 11.95  
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Specificity of orchids towards Girth of substratum 

The size class 10.1-50cm was the substrate size class with highest composition of 

orchids (37 % abundance and 82 % richness). Further it decreased respectively from 50.1-100 

cm, >150 cm, 100.1-150 cm to .1-10 cm (Figure 3B.7.). The variance among classes was 

significant; .1-10 cm substrate size was significantly different from 10.1-50 cm and 50.1-100 

cm size classes. Likewise, large sized substrates 100.1-150 cm and >150 cm substrates also 

significantly differed from second and third classes (ANOVA, Tukey’s post hoc pairwise 

comparisons, p< 0.05, Table 3B.9).  The preference for girth of substratum by epiphytes agreed 

with other preferences in the substrate level. For instance, most preferred position primary 

branch and trunk largely followed size classes, 10-50 cm, 50-100 cm respectively. Branches or 

trunks of larger classes were not very frequent. 

 

 

Figure 3B.7. Mean and whisker plot of orchid abundance across classes of girth of substratum 
wherein standard error is represented by whisker type. 
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Table 3B.9. Anova and Tukey’s Post hoc following ANOVA 

Between groups: 
Sum of sqrs df Mean square F p (same) 

356066 4 89016.4 7.886 3.70E-06 
Welch F test in the case of unequal variances: F=6.269, df=223.6, p=8.472E-05 
Tukey’s pairwise post 

hoc following ANOVA 
.1-10cm 10.1-50cm 50.1-100cm 100.1-150cm >150cm 

.1-10cm 0.001 0.002 1 0.98
10.1-50cm 5.51 0.99 0.001 0.007
50.1-100cm 5.17 0.33 0.002 0.01
100.1-150cm 0.001 5.51 5.17  0.98
>150cm 0.76 4.75 4.41 0.7658 

Specificity of orchids towards Inclination of substratum with tree 

Substratum that made an angle between 1° and 45° with tree had highest species 

composition (59 % abundance and 87 % species richness). It was followed by 46°-90°, 

vertical/no inclination and > 90° respectively (Figure 3B.8.). The variance between classes was 

significant; the most preferred angle of substratum was significantly different from all other 

classes (ANOVA, Tukey’s post hoc pairwise comparisons, p< 0.05, Table 3B.10).  Branches, 

mostly primary as preferred that made angle up to 45° with tree was preferred. This could be 

due to them facilitating capture and utilization of light, nutrients and humus and seed trapping. 

 

Figure 3B.8. Mean and whisker plot of orchid abundance across classes of Inclination of 
substratum with tree wherein standard error is represented by whisker type. 
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Table 3B.10.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 
Sum of sqrs df Mean square F p (same) 

443988 3 147996 8.938 9.84E-06 

Welch F test in the case of unequal variances: F=8.472, df=176, p=2.743E-05 

Tukey’s pairwise post hoc 

following ANOVA 
Vertical 1-45° 46-90° >90° 

vertical 0.0007 0.92 0.73

1-45° 5.47 0.006 8.79E-06*

46-90° 0.86 4.60  0.36

>90° 1.44 6.91 2.31 

*scientific notation as value is very small. E-means ‘times ten to the power of’ 

Specificity of orchids towards Inclination aspect of the substratum 

The maximum species composition was in vertically inclined substratum (64 % species 

richness and 24 % abundance) with no aspect followed by SW (72 % species richness and 24% 

abundance). Primary, most preferred branches showed inclination towards SW and SE. This 

preference showed was probably due to the seasonal westerly and easterly wind directions and 

therefore support to seed dispersal.  Trunk, the second preferred position was recorded with 

mostly no inclination. Other preferred aspect included SE, NW, NE, W, E, N, S respectively 

(Figure 3B.9.). The variance between groups was significant; composition preferred N, E, S, 

W classes were significantly different from species composition with no specific inclination 

aspect. Also, SW and SE preferred substratum stood out from those substrata with primary 

directions (ANOVA, Tukey’s post hoc pairwise comparisons, p< 0.05, Table 3B.11). 
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Figure 3B.9. Mean and whisker plot of orchid abundance across classes of inclination aspect 
wherein standard error is represented by whisker type. 

Table 3B.11.Anova and Tukey’s Post hoc following ANOVA 

Between groups: 
Sum of sqrs df Mean square F p (same) 

289994 8 36249.3 6.698 1.58E-08 

Welch F test in the case of unequal variances: F=11.59, df=332.2, p=1.531E-14 

Tukey’s 

pairwise 

post hoc 

No 

inclination 
N E S W NE SE SW NW 

No 

inclination 

 0.001 0.001 0.0004 0.001 0.30 0.99 1 0.39

N 5.88  1 1 1 0.67 0.01 0.001 0.58

E 5.76 0.11 1 1 0.73 0.02 0.002 0.63

S 6.22 0.33 0.45 1 0.51 0.007 0.0005 0.41

W 5.76 0.11 0.002 0.45 0.73 0.023 0.002 0.63

NE 3.33 2.55 2.43 2.89 2.43 0.78 0.34 1

SE 1.01 4.86 4.75 5.20 4.74 2.31  0.99 0.85

SW 0.09 5.79 5.67 6.13 5.67 3.24 0.92  0.44

NW 3.13 2.75 2.63 3.09 2.63 0.20 2.11 3.04 
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3B.5. Discussion 

Exclusive specificity of one epiphyte species on a host species was not observed. Of 

tree characteristics, position on tree, position on substratum, substrate inclination aspect and 

substrate girth were found significantly predicting the epiphyte richness. With the sample size 

of N=1134 phorophytes, tree diameter/size was also found significant. However, regression 

model with high significance (R2= 0.627) ruled out the variable, tree size. Position on 

substratum (p= 0.0003981), position on tree (p= 0.0008440), inclination aspect of substratum 

(p= 0.0053133) and substrate girth (p= 0.0117840) were found as the most influencing 

variables building the model. Woods et al. (2015) and Zhao et al. (2015) were of the same 

findings regarding tree and substrate characteristics. Further, among each characteristic, 

preference was observed for epiphytes. Although matched with previous research in tropics 

(Malizia 2003) specificity towards moderately tall trees, large diameter or smooth bark were 

not distinct. The preference for tree height class 10.1-20 m followed by 1-10 m shows the 

medium to small heighted trees as favourable epiphyte habitats. Due to limitation in canopy 

access, the chances to miss orchids in tall trees could have limited data. Smooth bark was the 

most preferred bark type which involved dappled, patchy and lenticellate and the following 

cracked type consisted flaky, fissured, scaly and peeled kind of barks. In Varagalaiar, smaller 

epiphytes preferred small sized trees and larger epiphyte preferred larger trunks (Annaselvam 

and Parthasarathy 2001). However, such a difference was not observed here. Tree size of 50-

100 cm diameter was most preferred diameter followed by 150-200 cm and 100-150 cm. It 

implies, as suggested by Flores-Palacios and Garcia-Franco (2006), growing trees with 

increasing diameter enhances colonization of epiphytes. Since data consisted hosts from seven 

different habitats, very tall hosts or trees >200 cm diameter were not very frequent. Likewise, 

abundance or richness between smooth, cracked, rough barks were not big. The studied host 

trees are in a growing stage to attain maximum height and diameter. Therefore, it is likely that 

largest size class, largest height class or even roughness bark could be most preferred in future. 

So, agreeing with Vergara-Torres et al. (2010), it may be said that neither obvious size, height 

nor bark can be used to predict distribution of epiphytes. On the other hand, microhabitat 

conditions a tree offers becomes more determining at the sampling unit, host tree. Within 

substrate characteristics, Primary branches followed by trunk was the most preferred positions 

for epiphytes. This can be read together with the preferred height of substrates (<5 m and 5-10 

m) on tree. The lower heights in host trees supported mostly trunk (with 0° of inclination) and 

primary branches (1°-45°inclination with tree) of size from 10-100 cm. These branches that 
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makes angle up to 45° with tree might be a better mechanism to trap humus and organic 

nutrients that leeches down from upper canopy compared to branches with angle above 45° 

with tree. The preference of these branches such as tree trunks and other micro habitats towards 

SW followed by SE might be due to patterns in the light availability for orchid to get maximum 

(optimum) filtered light, suitable for orchid growth and establishment, through the leafy 

vegetation. Wind direction in seasons mostly westerlies and easterlies that carries minute seed 

orchids for establishment might also help this preference. These substrates found holding 

epiphytic orchids in a lateral arrangement probably to enhance light and facilitate best 

utilization of water and organic nutrients.  The increased heterogeneity of microhabitats within 

the crown (Woods et al., 2014) could be the underlying factor in tree characteristics. Further, 

diverse environments such as lower canopy, i.e. trunk and primary branches with abovesaid 

different microhabitats maintains a consistent microclimatic condition (Johansson 1974) and 

are more favourable. Substrate characteristics are influential in community composition (Zhao 

et al., 2015) of epiphytic orchids. 
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CHAPTER 4 

INFLUENCE OF SELECTED ENVIRONMENTAL FACTORS 

-CASE STUDY IN SHENDURUNY WILDLIFE SANCTUARY 
 

4.1. Review of Literature 

The term Environment denotes to a complex of all things that surrounds the vegetation 

constituting the forests and impact its growth and development (Khanna 2005). A breakdown 

of this complex may yield climatic; topographic; edaphic and biotic factors. Therefore, any 

attempt of exploration other than taxonomy of a species may be identified as study of its 

environment. In this chapter, review of literature and analysis discusses only about specific 

objective, influence of selected -such as climatic - factors on epiphytic orchids. 

The influence of climatic factors such as light, atmospheric temperature, moisture and 

wind on the ecology of epiphytes in a larger spatial scale or long term is not fully known. The 

frequency and intensity of favourable or unfavourable climate events could be important to 

epiphytes and conspicuous. Epiphytic diversity is generally known to increase with humidity 

gradient (Gentry and Dodson 1987b; Benzing 1990; Küper et al., 2004; Krömer et al., 2005). 

It was true for orchid richness in the Himalayan elevational gradients (Acharya et al., 2011). 

In the high altitudes, mostly epiphytes interface directly with atmospheric environment and 

becomes highly sensitive as they obtain cloud derived water (Nadkarni and Solano 2002) or 

water vapours (Zots and Heitz 2001) and nutrition from atmospheric sources (Nadkarni and 

Matelson 1989; Hietz 1999). For instance, many species are reliant on the relatively permanent 

fog cover in high altitude cloud forests (Benzing 1998; Hietz and Briones 1998; Zotz and Bader 

2009). As cloud cover in cloud forests, annual rainfall could be equally important in tropics. 

Poltz and Zotz (2011) found rainfall gradient is more determinant than host characteristics in 

the lowlands of Panama. Gentry and Dodson (1987b) and Kreft et al. (2004) had previously 

suggested high moisture is correlated with high epiphyte species diversity. This was further 

validated by Cardelus et al. (2006). But according to Wolf and Flamenco (2003), the continuous 

or heavy downpours may wash away wind dispersed seeds and make the establishment of dry 

seeds on host tree surface difficult. It is often impossible to discriminate between influence of 

climatic variables, when a single transect is plaid along a gradient as altitude, along which 

many explanatory variables often co-vary closely (Cardelús et al., 2006; Kluge et al., 2006; 

Brehm et al., 2007). It was Krömer et al. (2013) who used three climatically different 
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elevational transects to test patterns of spatial variation in species richness of five species rich 

epiphytic groups. He found that there is a reduction in the species richness of different epiphytic 

groups towards higher altitudes and lower altitudes and the reduction was found to be 

significantly correlated with temperature. Here temperature is considered as an altitude 

dependent factor. As a general rule, most epiphytes are tropical and higher temperature (drier 

arid condition) or extreme lower temperature doesn’t favour epiphytes (Zotz and Hietz 2001). 

Temperature explained 34.4% variance of epiphytic orchid richness in China (Zhang et al., 

2015). Wester et al. (2011) observed a shift towards lower altitudes in 15% of the species that 

usually prefer high altitudes. They have explained this as a response towards the high moisture 

content in the local warmer air. The causes determining the relationship of vascular epiphyte 

richness to temperature, atmospheric humidity and rainfall (Krömer et al., 2005; Krömer et al., 

2013) or the relative importance of the climatic factors are still unclear. 

Interestingly, Zhao et al. (2015) identified a gradient of microclimatic conditions than 

a specific climate factor responsible for variation in epiphyte composition along elevation. 

Preliminary studies on microclimate variables, from within the canopy of tropical forests 

(Haddow et al., 1947; Omura et al., 1950; Cachan 1963; Richards 1964; Leigh 1975; Kira and 

Yoda 1989) shows gradients in mean temperature, mean vapour pressure deficit, mean wind 

velocity, mean photon flux and spectral quality of light between the inside of the forest and the 

top of the canopy. This variation thought to be reflected in the stratification of tropical forests. 

Epiphytic orchids in the dry forests of Mexico colonizes the central parts of the host crown 

where measured microclimatic conditions (Photosynthetic photon flux density, air temperature, 

RH and duration of dew) are recorded to be more favourable than other parts of the same tree. 

However, generalist orchid species sometimes inhabit different strata with micro 

environmental fluctuations (Rosa-Manzana et al., 2014). The growing position of epiphytes 

could be correlated to available light and water conditions in the inner canopy as seen in warm 

temperate forest in Japan (example, epiphytic ferns, Hirata et al., 2014). Studies on the 

epiphytic communities on a single emergent tree Dacrycarpus dacrydioides resulted in 

identifying four complex associations of epiphytes based on changes in microclimate 

(temperature, humidity and radiation) throughout the phorophyte emphasizing recognition of 

zones (Johansson 1974; Riber et al., 1984; terSteege and Cornelissen 1989; Freiberg 1997; 

Nieder et al., 1999; Werneck and Espirito-Santo 2002; Kersten and Waechter 2011b) along 

with other environmental variables (Dickinson et al., 1993). Thus, microhabitat was 

emphasized for epiphytes as habitats in response to microclimate ie, temperature (T), relative 
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humidity (RH), vapour pressure deficit (VPD), percent canopy humus cover and crown 

illumination or percent canopy openness (Pittendrigh 1948; Johansson 1974; ter Steege and 

Cornelissen 1989; Cardelús and Chazdon 2005; Woods et al., 2015). 

Interestingly, epiphytes could influence the climate of the canopy contrary to above 

discussions. Epiphytes assumed to regulate climate in the canopy as suggested by Benzing 

(1990). In an experiment by Freiberg (1997, 2001), climatic gradients were substantially 

mitigated on branches wherein humus mats or mosses covered whereas, the temperature during 

midday hours was found to be increased on branches where epiphyte mats had been removed. 

Stuntz et al. (2002) correlated the epiphyte removal with significant temperature loss, water 

loss and evapotranspiration in the immediate proximity of epiphytes within tree crown. Water 

and air borne nutrient absorption by epiphytes is thought to be high in dry periods whereas 

greater net release of these nutrients occurs during wet season from the branches (Nadkarni 

1986). This indicates that if a tree crown is devoid of epiphytes, absorption of nutrients would 

never occur in the tree crown, leaving the tree to solely depend upon the seasonal wet, dry and 

cloud deposition of nutrients. These nutrients would quickly leave the canopy through stem 

flow, through fall, litter fall or frass (droppings of herbivores) (Coxson and Nadkarni 1995). 

Epiphytes are an additional mechanism and added advantage in the canopy for different 

nutrient cycles. Thus, epiphytes are considered to be a true keystone resource. 

Any unfavourable changes in preferred climate, either temporal or spatial, affect 

epiphyte diversity (Gentry and Dodson 1987a; Wolseley and Aguirre-Hudson 1997; Hietz 

1999; Zotz and Hietz 2001; Ellis et al., 2007; Zotz et al., 2010). Distribution of epiphytes in 

island of Taiwan showed high correlations with temperature and, therefore, hierarchical 

modelling approach using species distribution models predicted a loss of 45-58% of epiphytes 

and shift in range on an average 400m towards higher altitudes with changing climate by 2100 

(Hsu et al. 2012). Because, even minor changes in regional or local conditions can alter growth, 

phenology, reproduction, and biotic partnerships, and thereby falls in species survival (Johnson 

and Bond 1992; Parmesan 2006; Colwell et al., 2008; Liu et al., 2010).  Climate changes can 

also affect epiphyte diversity indirectly through drought, warming-induced tree mortality, fire 

activity, and insects and pathogen outbreaks (Logan et al., 2003; Flannigan et al., 2009; Allen 

et al., 2010). But, quite strangely, climate change has been identified as a mechanism to regulate 

epiphyte diversity by Bartels and Chen (2012). Further, changes in availability of moisture 

content in future can pose a real threat to vascular epiphytes through changes in the altitude of 

cloud formation and altered precipitation patterns (Zotz et al., 2010). Another major reason for 
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climate change, an increase in the level of atmospheric CO2, however is remarkably of limited 

relevance for the functioning of epiphytic plants (Monteiro et al., 2009). Change in land use 

and climate, in habitats of exceptional richness of epiphytes (e.g. Tropical cloud forests), results 

in decreasing the moisture input and vascular epiphytes, co-occurring lichens and bryophytes 

may get exposed to rising temperature. Pounds et al. (1999); Walther et al. (2002); Urrutia and 

Vuille (2009) and Kromer et al. (2013) predicted upward movement of epiphytes with increase 

in temperature. This ultimately shift vascular epiphytes towards Polar regions and may lead to 

formation of new assemblages with non-vascular epiphytes in these places (Zotz and Bader 

2009). This was therefore an important and innovative attempt to explain the epiphytic orchids 

in the southern Western Ghats along regional climatic variables. 

4.2. Methodology 

4.2.1. Hypothesis 

The present study tested the following hypothesis: i) Local/Regional climatic variables 

such as Relative humidity, temperature, light and rainfall patterns do not influence epiphytic 

orchids 

4.2.2. Field sampling and characterisation of units 

Sampling design and detailed methodology are described in Chapter-2. The data has 

been collected only from Shenduruny WLS in Agasthyamalai Hills as the area is protected and 

covers all the spatial parameters selected for the present study. 

The Climatic variables such as Relative humidity (RH), Temperature, Light Intensity 

were recorded by using seven HOBO U12 temperature/Relative humidity/Light data loggers 

in Shenduruny WLS across altitude classes (Plate 4.1 and 2). Also, three rain gauges (HOBO 

RG3) in same stations were used to record rainfall. The climate data logging equipment’s used 

belonged to the DST funded project from Sacred Heart College, Cochin. Due to difference in 

equipment specification, loggers were placed onto the wall of forest base camps thus recording 

local climate not tree microenvironment. The HOBO U12 temperature/Relative 

humidity/Light data loggers were placed at Kallar (530 MSL); Rockwood (640 MSL); 

Kurunthotty Valavu (315 MSL); Derbhakulam (530 MSL); Umayar (130 MSL); Kattlapara 

(175 MSL) and Pandimotta (1255 MSL). Additionally, a raingauge (HOBO RG3) had been 

placed at Rockwood (640 MSL; RG3-1); Rosemala/Pallivasal (250 MSL; RG3-2) and 

Pandimotta (1255 MSL; RG3-3) to collect rainfall data. Most U12 loggers recorded data from 
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March 2015 to May 2016. However, U12 logger data at Rockwood was missing due to 

unknown reason and hence data from June 2015 to November 2015 was lost. Also, the U12 

logger and RG3-3 at Pandimotta were shocked and incompetent to record data probably 

because of high moisture. RG3-1 and RG3-2 recorded data from June 2015 to June 2016 

whereas the non-performing RG3-3 was later placed at Kattlapara (175 MSL) and has data 

from September 2015 until June 2016. Due to non-functioning of equipments in the high-

altitude class and non-availability of a secure base for equipments in the mid-altitude class, 

data derived from the gadgets placed only in the lower altitudes. The data collection on 

epiphytic orchids was carried out by laying sixteen LLTSTS (see Chapter 2 (2.4.2)) placed 

around each climate data logger in four directions thus covering 400m radius. 

The vegetation of logger point Kallar is evergreen with major association of Myristica 

malabarica and Palaqium ellipticum with infrequent occurrence of Canarium strictum, 

Sterculia guttata, etc. Although the forest is moderately disturbed at Kallar due to the 

establishment of Rubber and mixed plantations, the vegetation at its edge is more of evergreen. 

Rockwood is an area composed of evergreen vegetation. Humboldtia brunonis, Palaquium 

ellipticum and Knema attenuata are the major tree species found in this area. Kurunthotty 

valavu (curve/bent) is a low altitude area which is north facing slope where the vegetation is 

mostly composed of trees with deciduous nature such as Sterculia guttata, Carreya arborea, 

Terminalia paniculata, Lagerstroemia lanceolata, etc. Derbhakkulam is another logger point 

with evergreen vegetation associations with Hopea parviflora, Mesua ferrea, Strombosia 

ceylanica, Syzygium cumini, etc. Umayar is an evergreen vegetation association yet having 

moist deciduous trees such as Schleichera oleosa, Cinnmomum malabathrum and Ixora 

brachiata in the lower edges towards the Kallar dam reservoir.  Kattilapara is a lower altitude 

logger point with moist deciduous trees such Terminalia paniculata, Xylia xylocarpa, Carreya 

arborea, etc. in the western region. Also, the northern and eastern part has evergreen and 

Myristica swamp vegetation types with tree species including Gymnacranthera canarica, 

Myristica fatua, Palaquium ellipticum, Syzygium cumini, etc. Pallivasal is composed of semi 

evergreen associations such Hopea parviflora-Ixora brachiata- Dysoxylum sylvatica-Vateria 

indica with the intermittent occurrence of evergreen trees.   Pandimotta is the highest point of 

the wildlife sanctuary associated with high relative humidity (average 67 % for summer). The 

vegetation type is evergreen in nature but has been disrupted by logging and colonization of 

bamboo (Ochlandra travancorica).  The vegetation consists of Palaquium ellipticum, 

Strombocia ceylanica, Syzygium densiflorum and shrubs of Strobilanthes spp. 
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Plate 4.1. Climate Loggers – Hobo RG3 Rain gauge; U12 Temp/RH/Light External logger in 

secure locations in Shenduruny WLS (Clockwise). 
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Plate 4.2. Above: Administrative map of Shenduruny WLS Below: Climate data logger 

locations. 
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4.2.3. Data Analysis 

The correlation between data on species diversity and abundance of orchids from the 

climate logger regions have been tested against climate data- temperature, light intensity and 

moisture content. Since the relationship between variables are non- monotonic, Pearson 

correlation coefficient (r) was used to measure the strength of linear association between 

variables. The significance has been tested using non parametric Kruskal Wallis significance 

test. Principal Component Analysis (PCA) with Euclidean distance was also used to assess the 

variance in species diversity and abundance explained along climatic variables at different 

logger regions. The data on temperature, Relative Humidity and Light intensity was compared 

at four logger regions across months in 2015 and 2016. The rainfall event data from RG3 was 

summed into accumulated tip numbers and these accumulated tip numbers were converted into 

accumulated rainfall in millimetre by multiplying the TB bucket size of 0.01 inch. The 

cumulative rainfall across months along with temperature was plotted. 

4.3. Results 

A total number of 990 tree individuals belonging to 146 species were scanned only in 

logger regions to study the influence of climate to orchid assemblage. The species diversity of 

orchids in Shenduruny wildlife sanctuary was negatively correlated with mean light (lumens) 

and mean Relative humidity (%) whereas abundance of orchids was negatively correlated with 

mean temperature (F) and mean light (lumens) in the region (Table 4.1.). It indicates that orchid 

diversity is significantly low in places where mean light and mean relative humidity is high 

whereas, orchid abundance is found to have reduced in places where high temperature with 

high light (exposure) and high humidity. On the contrary, abundance of orchids was positively 

correlated to mean Relative humidity and species diversity was positively correlated to mean 

temperature. It is remarkable that none of the correlations were significant (Kruskal-Wallis, 

Df= 2, p= ≤ 0.05; Table 4.2.). 

Species diversity increased in places where mean temperature was high and the 

abundance increased in places where the relative humidity was high. This clearly indicates that 

high temperature that always evaporates moisture contents of ground level and rises the same 

to the canopy is favourable in increasing diversity of orchids. However, a place with high 

relative humidity always supports a selected group of orchids and that favoured them increase 

their progenies and thereby high abundance. 
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Table 4.1. Correlation matrix of climatic variables and species diversity and abundance from 

Shenduruny WLS. 

Variables 
Mean 

Temperature
Mean 
RH 

Mean 
Light 

Total no. of 
orchids 

Abundance

Mean 
Temperature 

1.000 -0.529 -0.238 0.126 -0.408

Mean RH -0.529 1.000 -0.066 -0.047 0.366

Mean Light -0.238 -0.066 1.000 -0.639 -0.234

Total no. of 
Orchids 

0.126 -0.047 -0.639 1.000 0.743

Abundance -0.408 0.366 -0.234 0.743 1.000

Table -4.2. Pearson Correlation coefficients of climatic variables and species diversity and 

abundance from Shenduruny WLS. 

Particulars Mean temp Mean RH Mean Light 

Species Richness 0.0865614 -0.04722 -0.638585

Species Abundance -0.4040776 0.366245 -0.234145

 

Ecological distance explained by climatic variables 

The principal components F1 and F2 together explained 82% of variance in orchid 

diversity and abundance along climatic variables hence the selected climatic variables were 

highly relevant (Figure 4.1.). Species diversity made an angle of about >90° with selected 

variables, mean RH and mean light and therefore the relation becomes negative (as supported 

by Pearson correlation coefficient, Table 4.2.). The species diversity was in positive correlation 

with mean temperature. But the abundance of orchids was positively correlated to mean RH 

and negatively correlated to mean temperature and mean light (as in Pearson correlation matrix, 

Table 4.2.). It was seen that high mean temperature and meek RH that was recorded in 

Kattilapara and Umayar regions supported comparatively moderate species diversity and 

abundance as well. The amount of mean light was high in Kallar and Kurunthotty Valavu 

regions but exhibited negative correlation with species diversity and abundance. The amount 

of mean RH was high in Derbhakulam and Rockwood regions but the variable is positively 

correlated only with Orchid abundance. 



 
 

145 
 

 

Figure 4.1. Principal Component Analysis (PCA), variance in Orchid species richness and 
abundance explained by climatic variables; Variance explained= 82.45%. 

PCA gives a distinct variance (82%) among orchids explained along climatic variables. 

Therefore, the climate of a region can also become a factor that explains the diversity, 

distribution and habitat of orchids. 

Comparing U12 Temperature/Light Intensity/RH data across months 

The comparison was possible only for four U12 data loggers (RH, Temperature and 

Light) of similar periods in a long time. The amount of mean light was recorded high at Kallar 

during December 2014 to March 2015 (Figure 4.2.). The increase in light received in 2015 

considerably varied from that of 2016. Rockwood region, which is adjacent to Kallar also had 

similar trend in variables across the years (Figure 4.3.). There was variation in mean light at 

Kurunthotty Valavu (Figure 4.4.) across years whereas mean light and mean RH greatly varied 

across years at Umayar (Figure 4.5.). 
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Figure 4.2. Mean temp (°F), Mean RH (%), Mean light (F) at Kallar across months from 2014 

to 2016. 

 

 

Figure 4.3. Mean temp (°F), Mean RH (%), Mean Light (F) at Rockwood across months from 

2014 to 2016. 
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Figure 4.4. Mean temp (°F), Mean RH (%), Mean light (F) at Kurunthotty Valavu across 

months from 2015 to 2016. 

 

Figure 4.5. Mean temp (°F), Mean RH (%), Mean light (F) at Umayar across months from 2015 

to 2016. 

The region, Kallar, appeared to have had high amount of mean light at the end of 2014 

until March 2015 but such pattern was not seen in 2016. This might have influenced poor 

species diversity recorded as light mean is negatively correlated with species (Figure 4.2.). 

Further, similar pattern was observed in Rockwood when comparing the data across months. 
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However, the mean RH tends to support high abundance and variations in mean temperature 

enhanced species diversity of Rockwood region (Figure 4.3.). The high mean light plays role 

in the poor species diversity and abundance recorded from Kurunthotty Valavu (Figure 4.4.).  

The region Umayar, a dam basin with high mean light, temperature and RH (Figure 4.5.) 

showed higher species abundance and diversity. It might be due to the availability of more or 

less consistent climate. 

Comparing Rain Gauge (RG3) data on rainfall and Temperature 

Figure 4.6. depicts the pattern of rainfall received at different regions in Shenduruny. 

The rainfall data from Rockwood showed a peak between July and October 2015, which is the 

highest recorded (23 inches of rainfall) from Shenduruny. The temperature records from 

Rockwood were less compared to other logger regions but showed a peak during the same 

periods where rainfall was high. Such seasonal abundance of precipitation and variations in 

temperature supports high orchid abundance. However, loggers at Kattilapara (the lowest 

situated observation station) and Rosemala recorded highest rainfall during October-November 

shower and high temperatures during summer. The rainfall data trends support the 

Temperature/RH/Light readings and together define the diversity and abundance of orchids 

across regions in Shenduruny Wildlife Sanctuary. 

 
Figure 4.6. RG3 data on rainfall (inches) and Temperature (°C) across months from three 

regions. 
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Orchids, major canopy epiphytic plants, are identified as sensitive and fragile. Fragile 

nature, micro habitat specificity due to microclimatic factors and high sensitivity towards 

changing climate makes epiphytic orchids unique. Though, microclimate inspired 

microhabitats in the canopy is not yet addressed, patterns of epiphytic orchids with respect to 

regional climatic conditions from the southern Western Ghats is new.   The results obtained are 

in agreement with responses of epiphytic orchids to variations in climatic factors. 

4.4. Discussion 

Since this study was very limited in nature, concluding patterns could not be obtained. 

Though not significant, species abundance was positively correlated to Mean RH and 

negatively correlated with Mean Temp and Mean Light. Species richness was positively 

correlated with Mean Temp and negatively correlated with Mean RH and Mean Light. F1 and 

F2 together explained 82.45% of variance in pattern of epiphytic orchids along the climatic 

factors. 

The region Umayar basecamp was a dam basin with exposure to high mean 

temperature, moderate mean Light and mean RH. This location showed moderate species 

abundance and good species diversity probably because of the consistent availability of 

moderate Mean Temp and Mean Light. Kattilapara was characterized by high mean 

Temperature, moderate Mean Light with low mean RH (as the angle is 180°) but still exhibited 

poor species diversity and abundance. This is probably due to the extreme temperature and 

light over seasons. Rosemala recorded highest rainfall during October-November shower and 

high temperatures during summer. The location had moderate species diversity and abundance 

of orchids. The seasonal abundance of mean temp and precipitation might have facilitated this. 

Kurunthotty received moderate mean light and mean temperature with seasonal variations and 

possessed good species diversity and abundance. Kallar received high mean light but had 

moderate mean temperature and therefore possessed less species diversity and abundance. In 

Rockwood, the mean RH tends to support high abundance and variations in mean temperature 

enhanced species diversity of Rockwood region. At Pandimotta, orchid abundance was well 

defined by mean RH and species diversity was supported by moderate Mean Temp and Mean 

RH. 

Kallar and Kurunthotty was exposed to high Mean Light due to deciduous habitat and 

adjacent plantations or secondary growth. Derbhakulam, Rockwood and Pandimotta was 

characterised by high Mean RH due to evergreen composition. Umayar and Kattlappara was 
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characterised by high Mean Temp due to being dam basin and close to multi land use 

habitations in the latter case. Species abundance was influenced by Mean RH and abundance 

by combined effect of Mean RH and Mean Temp. The results suggest that abundance and 

diversity of orchids was not just influenced by one climate variable but careful balance or 

combined effect of mean RH, mean Temp and Mean Light. Seasonal variations of these 

variables in a favourable zone also facilitated the composition. It is possible that epiphytic 

orchids prefer a mid-domain or safe zone in climatic variables as in altitude. But, any extreme 

variations in these climatic factors from preferred range impacts the composition of orchids. 

The rainfall data trends supported the Temperature/RH/Light readings and together demarcated 

the diversity and abundance of orchids across regions in Shenduruny Wildlife Sanctuary. Based 

on the results, these plants are sensitive towards changes in climate.  These patterns obtained 

from Shenduruny WLS in could be found in other areas as well. The causes determining the 

relationship of vascular epiphyte richness to temperature, atmospheric humidity and rainfall 

(Krömer et al., 2005; Krömer et al., 2013) or the relative importance of the climatic factors are 

still unclear. A detailed study on microclimatic conditions-which was not attempted here-in 

each tree spatial zones could throw light to specific epiphyte-environmental interactions. 

Climatic factors of a region do influence the composition of epiphytic orchids. Hence, like 

Cribb (2011) suggested, a change in the composition of epiphytic orchids will undoubtedly 

expose the change in the climate of a region. 
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CHAPTER 5 

COMMUNITY INTERACTIONS WITH OTHER EPIPHYTES 
-CASE STUDY IN WAYANAD 

 

5.1. Review of Literature 

The present study examined the community interactions between epiphytic orchids and 

associated epiphytes on host trees in SEVG and SNPL habitats. Major available research is 

presented here. 

The community like interactions orchids might develop with other epiphytes or 

bryophytes on tree remain poorly resolved. Bryophytes, that consist three divisions of non-

vascular plants: liverworts, hornworts and mosses, are considered to be early colonizers on 

trees in montane tropical forest (terSteege and Cornelissen 1989; Benzing 1990). Some 

scientists have suggested bryophytes as a requirement for epiphytes to colonize (Freiberg and 

Freiberg 2000). The presence of bryophytes may enhance organic matter, availability of water 

and nutrients (Antibus and Lesica 1990; Tremblay et al., 1998; Bates 2000; Proctor 2000) and 

hence other epiphytes. Freiberg (1997, 2001) showed that climatic gradients were substantially 

mitigated on branches wherein humus mats or mosses covered whereas, the temperature during 

midday hours was found to be increased on branches where epiphyte mats had been removed. 

Further, high bryophytic biomass in the montane forests contributes to high humus biomass 

than lowland forests (Freiberg and Freiberg 2000). Based on the couple of research available, 

not moss species diversity but moss frequency is related to presence of a rare orchid, Lepanthes 

caritensis (Tremblay et al., 1998). Apparently, these bryophytes cover is dependent on cool 

and moist conditions (Hallingbäck and Tan 2010). Increasing lack of a dense moss cover on 

tree trunks and the resultant drier microclimate are attributed to be the major reason behind 

rapid reduction in epiphyte diversity in the fallow lands of Bolivian Andes (Kromer and 

Gradstein 2003). Therefore, the ability of bryophytes to adapt to changing climate is a concern. 

Kull (1998) also proved that presence of moss influence seedling establishment in terrestrial 

orchids.  Zotz and Vollrath (2003) discussed sequential colonization of epiphytes facilitated by 

bryophytes. This facilitation of sequential colonization by epiphytes was observed in Chilean 

and New Zealand temperate forests as well. Taylor et al. (2016) attributed this nestedness of 

epiphytes than expected to facilitation by large nest epiphytes. Association of orchids with 
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peperomia, bromeliads and non- creeping ferns in Mexico, has been discussed in the light of 

sharing same mycorrhizal partner. Whereas, weaker associations are species preferring similar 

tree zones (Hietz and Hietz-seifert 1995). The large sized trees become a host available for 

long time and therefore facilitates many different epiphyte species and in high frequency 

(Johansson 1974). Further investigations regarding role of tree characteristics suggests 

bryophyte mass and accumulated debris in the lower canopy support a different vascular 

epiphyte vegetation than the middle and upper canopy branches (terSteege and Cornelissen 

1989). It is also remarkable that Arevalo et al. (2009) found no significant correlation between 

bryophyte cover and epiphytic orchid diversity and abundance in a forest relic in Ecuador. 

Therefore, it is of relevance to understand if epiphytes, mostly bryophytes promote 

colonization of epiphytic orchids on trees in the tropical forests. 

5.2. Methodology 

5.2.1. Hypothesis 

The present study tested the following hypothesis: i) Epiphytic orchids do not maintain 

ecological interaction (in a community level) with other epiphytic plants. 

5.2.2. Field sampling details and characterisation of units 

Sampling design and detailed methodology are described in Chapter-2. An extensive 

collection of associated epiphytes across all sites could not be carried out because of restriction 

in the same. So, the objective is addressed by comparing an altered forest or SNPL (see 2.4.3) 

with surrounding natural forest (SEVG) with similar topographical characteristics in Wayanad. 

The SNPL was 20.23 ha in an Eco fragile land (EFL) in Poonchola Estates, Vythiri. A number 

of 20 LLTSTS each was plaid in control and SNPL. The associated epiphytes of sampled 

orchids were collected from the host tree manually and has been identified with assistance of 

experts at Department of Botany, Guruvayoorappan College, Calicut. The entire region filled 

in the low and mostly mid altitude class. The basic sampling structure explained in Chapter 3 

(see Table 3.1.) was followed. 

5.2.3. Data Analysis 

Epiphytic orchids and associated epiphytes from host trees on transect were identified 

up to species level. The number of trees that hosts epiphytic orchids and both orchids and other 

epiphytes per habitat was estimated. Pearson correlation coefficient was used to estimate the 
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degree of correlation between the number of epiphytes and the species diversity and abundance 

of epiphytic orchids (at p=< 0.05). The species richness and abundance of epiphytic orchids 

for trees with epiphytes and trees without epiphytes across habitat, tree characteristics such as 

tree height, tree size, bark type, position on tree, position on substratum, height of substratum 

on tree, substrate girth, substrate inclination with tree, inclination aspect of substratum has been 

visualized into clustered column chart. The difference in sample means across classes of 

characteristics and habitat was tested for significance by using Two sample T-test with 

Montecarlo permutation test (at p=< 0.05). Redundancy analysis was carried out to explain the 

pattern of epiphytic orchid assemblage on 182 host trees against tree characteristics, habitat 

and assemblage type (such as epiphyte associated and epiphyte non-associated). The data has 

been chi squared transformed and then subjected to weighted linear regression using the 

constraining variables. Eigen values and variance inflation factors were calculated. Since none 

of the variables had a high inflation value (> 10), ANOVA permutation test was carried out to 

find the significance of the constraining variables. 

5.3. Results 

Of 400 trees, orchids recorded on 192 trees. Of which 10 trees have been removed due 

to 554 unidentified individuals of Oberonia sp and Bulbophyllum sp. The epiphyte assemblage 

on remaining 182 (SNPL= 132; SEVG= 50) host trees have been analysed to obtain patterns 

of community interactions of orchids with other epiphytes. The proportion of host trees with 

and without other epiphytes in each habitat is given in Table 5.1. The species richness and 

abundance of orchids on host trees with and without epiphytes is graphically represented in 

clustered column (Figure 5.1). The difference in sample means was not significant for 

abundance of orchids across habitats (Two sample T-test, t= 0.07, at p= 0.05). Further, 

difference in sample means was not significant for species diversity of orchids across habitats 

(Two sample T-test, r2= 0.03, at p= 0.05). The availability of large native trees as shade trees 

in SNPL could be enhancing epiphytes. The maximum number of other epiphyte species 

recorded on a host tree was 5. No significant correlation was found when species richness of 

other epiphytes was tested as a predictor for the species diversity and abundance of orchids 

(Table 5.2.). The maximum number of other epiphyte species was recorded by phorophyte 

Glochidion ellipticum with 18 species and epiphytic orchid, Dendrobium aquem with 28 

species. The number of other epiphyte species recorded was 47 as listed in Table 5.3. 
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Table 5.1. The relative proportion of host trees for epiphytic orchids and assemblages with 

associated epiphytes among trees sampled. 

 SEVG (N= 200) SNPL (N= 200) 

Host trees to orchids 0.25 0.71 

Host trees to both orchids and other epiphytes 0.18 0.42 

 

 

Figure 5.1. The distribution of orchid diversity and abundance on host trees with and without 
epiphytes across habitats. 

Table 5.2. Pearson correlation coefficient between diversity and abundance of orchids and 

number of other epiphytes recorded (n= 182) at significance p=< 0.05. 

Particular 
Correlation 

coefficient 
P value/statistic 

Abundance of epiphytic orchids 0.13 0.07 

Species richness of epiphytic orchids 0.05 0.43 
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5.3.1. Interaction with other epiphytes with respect to tree characteristics 

Bark 

Epiphytes were not recorded from trees with spiny bark. Cracked and rough type bark 

categories exhibited high orchid abundance on trees with epiphytes compared to trees without 

epiphytes. Cracked and rough bark types could be closely aligned and supporting epiphytes 

with better anchorage. Chances are high that orchids seeds get easily trapped on rough and 

cracked surfaces when compared to smooth surfaces. Species richness and abundance of 

orchids across different bark types in response to presence or absence of other epiphytes on 

host trees was plotted (Figure 5.2.). The difference in species richness and abundance across 

bark type with and without epiphytes were not significant (Two sample T-test, t= 0.34,                       

p= 0.73). This could be due to the less sampling size rather than a pattern. 

 

Figure 5.2. The distribution of orchid diversity and abundance on host trees with and without 
epiphytes across bark types. 

Tree Height 

The difference in orchids in terms of species richness and abundance across tree height 

classes in response to presence or absence of epiphytes on host trees was plotted (Figure 5.3.). 

The difference in abundance on both host tree types across height classes were not significant 

(Two sample T-test, t= 0.35, at p= 0.05). Likewise, no significant difference was observed for 

species richness (Two sample T-test, t= 0.4, at p= 0.05). 
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Figure 5.3. The distribution of orchid diversity and abundance on host trees with and without 
epiphytes across tree height classes. 

GBH of tree 

The difference in species richness and abundance of orchids across tree size classes in 
response to presence or absence of epiphytes was plotted (Figure 5.4). The abundance and 
richness of epiphytic orchids from class 2 (50-100cm) to class 5 (>200cm) were more or less 
similar between host trees with and without epiphytes. This could mean that as Johansson 
(1974) suggested, large sized trees facilitates epiphytes. However, the difference in abundance 
of orchids between host trees with and without epiphytes was not significant (Two sample T-
test, t= 0.5, at p= 0.05) as in difference in richness (Two sample T-test, t= 1.26, at p= 0.05). 

 

Figure 5.4. The distribution of orchid diversity and abundance on host trees with and without 
epiphytes across tree GBH classes. 

0

0.5

1

1.5

2

2.5

3

3.5

Abundance Richness Abundance Richness Abundance Richness Abundance Richness

1-10m 10.1-20m 20.1-30m >30m

Lo
g 

10
 va

lu
e

Tree height classes

Host trees with epiphytes Host trees without epiphytes

0
0.5

1
1.5

2
2.5

3
3.5

A
bu

nd
an

ce

Ri
ch

ne
ss

A
bu

nd
an

ce

Ri
ch

ne
ss

A
bu

nd
an

ce

Ri
ch

ne
ss

A
bu

nd
an

ce

Ri
ch

ne
ss

A
bu

nd
an

ce

Ri
ch

ne
ss

2.4-50cm 50.1-100cm 100.1-150cm 150.1-200cm >200cm

Lo
g 

10
 va

lu
e

Tree GBH Classes

Host trees with epiphytes Host trees without epiphytes



 
 

162 
 

Position of substratum on phorophyte 

Trunk and lower canopy (primary and secondary) were more preferred positions on 

phorophyte irrespective of the presence of epiphytes (Figure 5.5). This could be similar to the 

conditions described by terSteege and Cornelissen (1989). Bryophytes along with accumulated 

debris in the lower canopy of hosts could have been favourable for epiphytic orchids. However, 

difference in abundance distribution was not significant (Two sample                           T-test, 

t= 0.24, at p= 0.05) as with difference in richness (Two sample T-test, t= 0.4, at                p= 

0.05). 

 

Figure 5.5. Orchid diversity and abundance on host trees with and without epiphytes across 
position of substratum on phorophyte 

Height of substratum on phorophyte 

Distribution of abundance and richness of epiphytic orchids progressively decreased 

from lower heights to higher classes in both kind of phorophytes (Figure 5.6.). This is in 

agreement with the pattern in position of substratum on phorophyte. Still, the difference in 

abundance was found insignificant (Two sample T-test, t= 0.2, at p= 0.05). Likewise, 

difference in richness was also not significant (Two sample T-test, t= 0.7, at p= 0.05). 
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Figure 5.6. The distribution of orchid diversity and abundance on host trees with and without 
epiphytes across height of substratum on phorophyte. 

Girth of substratum 

The preferred size of substratum for orchid distribution was higher classes of girth 

(Figure 5.7.) supportive with lower canopy branches (position on phorophyte) and lower 

heights (Height on phorophyte). Nevertheless, there was no significant difference as a response 

to epiphytes on phorophytes between abundance (Two sample T-test, t= 0.3, at p= 0.05) and 

richness (Tow sample T-test, t= 1.7, at p= 0.05). 

 

Figure 5.7. The distribution of orchid diversity and abundance on host trees with and without 
epiphytes across substrate girth. 
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Degree of substrate inclination with phorophyte 

The distribution was more on substrates with 0° of inclination with tree ie, trunk and 

branches that made 1°-45° inclination (Figure 5.8.). This agreed with the lower canopy 

preference among epiphytic orchids as discussed under position, height and girth of substratum 

on phorophyte. Still, the pattern as a response to epiphytes was not significant for abundance 

(Two sample T-test, t= 0.24, at p= 0.05) and richness (Two sample T-test, t= 1, at p= 0.05) 

 

Figure 5.8. Orchid diversity and abundance on host trees with and without epiphytes across 

degree of substrate inclination with phorophyte. 

Substrate inclination aspect 

As supported by 0° of inclination with tree, the aspect preferred by orchids was none 

followed by NE, SE, SW and NW (Figure 5.9.). However, the preference across aspect classes 

as a response to epiphytes was not significant for orchid abundance (Two sample T-test, t= 0.2, 

at p= 0.05) or richness (Two sample T-test, t= 0.9, at p= 0.05). 
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Figure 5.9. Orchid diversity and abundance on host trees with and without epiphytes across 
substrate inclination aspect. 

Position on substratum 

The high distribution of abundance and richness in lateral class of substratum (Figure 

5.10.) further supported preference for lower canopy mostly, trunk. But, as a response to 

epiphytes this preference was not significant for abundance (Two sample T-test, t= 0.15, at              

p= 0.05) or richness (Two sample T-test, t= 0.05, at p= 0.05). 

 

Figure 5.10. Orchid diversity and abundance on host trees with and without epiphytes across 
position on substratum. 
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5.3.2. Community structure with other epiphytes 

The redundancy model prepared based on abundance and species composition (Figure 

5.11.), tested tree characteristics, type of assemblage and habitat as constraining variables and 

yielded variance, F values and significance (Table 5.3.). It suggested tree height (p= 0.016) and 

bark type (p= 0.033) as constraining variables with significant effect on epiphyte assemblage 

(as a whole). Interestingly, more than tree characteristics type of assemblage (ie, whether 

epiphyte associated orchids or epiphyte non-associated orchids) was significant (p= 0.008). 

But, above these variables, habitat was the constraining variable with higher most level of 

significance (p= 0.001). The significant variables are represented with largest arrows in the 

RDA plot (Fig 5.11.). 

Table 5.3. RDA model variables with F values and its significance. The level of significance 

is given below table. 

Model Variables Df Variance F Pr (>F) 

Type 1 103.4 3.3073 **0.008 

Habitat 1 1285 41.1064 ***0.001 

Tree.Height 1 103 3.2937 *0.016 

Tree.size 1 25 0.7991 0.532 

Bark.type 1 85.7 2.7413 *0.033 

Hgt.on.tree 1 29.6 0.9466 0.43 

Position.on.tree 1 34.3 1.0971 0.327 

position.on.sub 1 6.7 0.2131 0.687 

sub.girth 1 27.7 0.8865 0.428 

inclination.aspect 1 40.5 1.2958 0.248 

degree.of.inclination 1 52.5 1.6779 0.175 

Residual              170   5314.3 
Significance scale:   ‘0’ ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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5.4. Discussion 

Investigation into epiphyte assemblages on 182 phorophytes revealed 37 epiphytic 

orchids and 47 other epiphyte species belonging to bryophytes. In SNPL habitat, of total trees 

sampled 71% was phorophytes to orchids. Further, 42 % of these phorophytes supported other 

epiphytes along. Meanwhile, 25 % of total trees were phorophytes to orchids in SEVG habitat. 

Of this, 18 % only supported other epiphytes. In general, SNPL habitat had tall native trees 

with structural diversity or all preferred characteristics that supported distinct orchid-epiphyte 

assemblages as compared to the regenerating SEVG habitat. The latter had undergone some 

serious damage in land transformations in the recent past and had been gained back by the 

forest department and therefore had young short trees. However, there was no significant 

differences between means of abundance or richness of orchids across habitats with respect to 

epiphytes on phorophytes. This was also supported by the Pearson correlation coefficient that 

turned out to be insignificant. Among bark types, smooth, rough and cracked types exhibited 

almost similar epiphytic orchid abundance and richness irrespective of other epiphytes on the 

 

Figure.5.11. Redundancy analysis for epiphyte communities on phorophytes. The model is 
significant (F3=3.171, permutation test). 
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phorophyte. Similarly, trees of height above 10 m and tree girth at breast height above 50 cm 

supported most of the richness and abundance of epiphytic orchids again irrespective of 

epiphytes on phorophyte. These results are similar to that of preferences of orchids within tree 

characteristics (Chapter 3B) and suggest these habitats are closely allied to patterns in other 

habitats but which are not considered for this objective. Among canopy architectural 

characteristics such as, trunk and lower canopy, lower heights of substratum on phorophyte, 

girth of substratum >10 cm, vertical and <45° inclination of substratum with tree, lateral 

position of orchids on substratum and no inclination aspect were the characteristics that mostly 

explained orchid abundance and richness with no significant difference in preference for other 

epiphytes. Arevalo et al. (2009) suggested similar results wherein no relationship existed 

between bryophytes and epiphytic orchids. However, in an experiment by Nadkarni and Solano 

(2002) presence of moss was important for the epiphytes on tree branches. The patterns of 

diversity from subset of data (40 transects) addressed for this objective are no different from 

the entire data patterns (203 transects) obtained in other chapters. It indicates a pattern exist in 

the distribution of epiphytic orchids with respect to tree characteristics that is prevalent in the 

forests of southern Western Ghats. Based on data, there was no species-specific interaction 

between epiphytic orchids and other epiphytes. A cluster was developed in Redundancy 

analysis which suggests that epiphytic orchids on phorophytes occur clustered along variables 

like habitat, presence/absence of epiphytes, tree height and bark type. But there could be more 

factors determining the mechanism of such intra and interspecific interactions and this is 

beyond the scope of the objective. Epiphyte communities on a phorophyte can separately be 

treated as a metacommunity (Leibold et al., 2004) and such phorophytes could be linked 

together as a network probably by seed dispersal. Although there was no species-specific 

relationship between orchids and found epiphytes, detailed and more focused canopy/substrate 

experiments might pave way towards more interactions. Interestingly, this result of individual 

community of epiphytes on trees (based on bark type and tree height) also matches with the 

ordination (CCA) carried out at spatial scale, tree (Chapter 3.3.2.) except for the variable type, 

presence or absence of epiphytes. So, the structural patterns of this subset are again similar to 

major results. Therefore, this pattern may be applicable to other areas as well. Species specific 

interactions with other epiphytes are not found among orchids but they appear as individually 

clumped in structure as a positive response to other epiphytes. 
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Table 5.4. Other epiphyte species associated with orchids 

Sl.no Associated epiphyte species SEVG SNPL 

1 Aerobryum speciosum Doz.&Molk * * 

2 Barbula indica  * 

3 Calympers afzelli  * 

4 Calyphothecium dixonii Gangulee *  

5 Calyptothecium wightii *  

6 Cheilolejeunea intertexta (Lindenb.) Steph.  * 

7 Cheilolejeunea serpentine (Mitt.) Mizut  * 

8 Chiloscyphus himalayensis Steph.  * 

9 Chionostomum sp. *  

10 Ectropothecium rostellatum (Mitt.) Jaeg  * 

11 Ectropothecium sp.  * 

12 Fabronia assamica (Hamp.) Fleisch *  

13 Fissidens sp.  * 

14 Floribundaria walkerii (Ren & Card.) Broth.  * 

15 funaria type  * 

16 Garovaglia plicata (Brid.) Bosch. & Lac.  * 

17 Himantocladium plumula (Nees) Fleish.  * 

18 Himantocladium sp.  * 

19 Lejeunea cf. kashyapii  * 

20 Lejeunea cocoes Mitt.  * 

21 Lejeunea sp.  * 

22 Leucodon sinensis  * 

23 Leucoloma taylorii (Schwaegr.) Mitt. * * 

24 Lindbergia koelzii Williams  * 

25 Lopholejeunea subfusca (Nees) Steph.  * 

26 Macromitrium Sulcatum (Hook.) Brid.  * 

27 Meteoriopsis squarrosa (Hook.)Fleisch * * 

28 Meteriopsis ancistroides (Ren.& Card.) Broth  * 

29 Meteriopsis sp.  * 

30 Metzgeria sp  * 
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Sl.no Associated epiphyte species SEVG SNPL 

31 Microlejeunea punctiformis (Taylor) Steph.  * 

32 Philonotis fontana  * 

33 Plagiochila sp.  * 

34 Porella campylophylla (Lehm.  And Lindenb.) Trev.  * 

35 Pterobryopsis acuminata (Hook.) Fleisch.  * 

36 Pterobryopsis orientalis (C. Muell.) Dix. * * 

37 Pterobryopsis sp.  * 

38 Rhyncostegiella divaricatifolia  * 

39 Sematophyllum micans (Mitt.) Braithw.  * 

40 Stereophyllum ligulatum A.Jaeger  * 

41 Symphyodon sp.  * 

42 Symphysodontella cf. tortifolia  * 

43 Symphysodontella sp. *  

44 Trachypus bicolour Reinw. & Hornsch. *  

45 Trachyphyllum inflexum  * 

46 Trachypodopsis serrulata (P. Beauv.) Fleisch  * 

47 Wijkia laxitexta  * 
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CHAPTER 6 

CONCLUSION 

 

1. LLTSTS transects are useful for epiphyte diversity and distribution. However, 

structural assemblage, host specificity, community interactions on host trees do need 

more host specific sampling approaches. 

2. Large spatial scales such as altitude, latitude and habitat affect epiphytic orchid 

composition in a horizontal scale. Mid altitude effect on distribution of epiphytic 

orchids is identified. 

3. The availability of low altitude and mid altitude evergreen forests with heterogenous 

microhabitats made this habitat most preferred. 

4. Spatial distribution of epiphytic orchids on a vertical scale on host tree is highly 

separated into zones. Inner Crown Zone is the most preferred zone as it provides 

consistent microclimatic conditions and preferred microhabitat. Upper Crown Zone is 

the unique zone which supports a unique set of species such as twig orchids with no 

leaves to reduce the chances of water loss that are adapted to high variations in 

temperature and moisture. 

5. Within a phorophyte, position on tree, position on substratum, inclination aspect of the 

substratum and substrate girth can become predictors of species richness of epiphytic 

orchids. Whereas, size of tree does not obviously predict epiphytic orchids. 

6. Structure of epiphytic orchid assemblage is best explained at habitat level along 

distance to water, slope and habitat/vegetation type. 

7. Structure of epiphytic orchid assemblage at the level of tree/macrohabitat is best 

explained along bark nature, GBH and height of tree. 

8. Structure of epiphytic orchid assemblage at the level of substrate/microhabitat, is 

explained along position on tree, substrate girth, inclination aspect of the substratum, 

degree of substrate inclination, orientation and height on phorophyte. 

9. An exclusive specificity for orchid species on a host species is not seen. 

10. Epiphytic orchids are composed in response to the substrate level characteristics and 

then tree level characteristics. This emphasizes their random distribution in tropical 

forests. 
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11. The preference towards specific tree, substrate characteristics are a response to the 
microhabitats supported by the microclimatic conditions. This agrees with the 
vertical/spatial distribution on host trees. 

12. Seminatural plantations with transformed land use are a major habitat that equally 
support epiphytic orchids as in major forest types. 

13. The more aged trees with increasing size support more microhabitats/ microclimates 
which tend to support more epiphytic orchids. 

14. As in other environmental factors such as altitude, a mid domain effect exists in 
preference towards the studied climatic variables for epiphytic orchids for survival. 
Such patterns could be more visible if the entire landscape is studied instead one area. 

15. A combination of optimum light, temperature and RH determines species diversity and 
abundance in a region. Though seasonal variations are favourable, extreme variations 
in either directions could negatively affect the species distribution. 

16. Other epiphytes do not predict the presence of epiphytic orchids on a tree. However, 
the community structure of an epiphytic orchid assemblage on a tree/metacommunity 
/individual community can be distinct responding to variables such as habitat, presence 
or absence of other epiphytes, height of tree and bark type. 

17. Findings are closely in alignment with results of previous research in the tropics as 
discussed in literature and therefore justified. 

Limitations 

1. Since large area was studied with random transects, specific indicator species/groups 
for important conservation area/sanctuary etc cannot be proposed. Based on study, 
epiphytic orchids have strong potential to be indicators of changes in climate and forest 
structure. 

2. More tree characteristics such as architecture of the tree was omitted because, 
drawing/copying of architecture was very tedious and time consuming in a study with 
large study area and limited time. Further, other technical aspects (for example, 
outsourcing dendrochronological lab to determine tree age) was not feasible. 

3. Ecology of epiphytes involves more aspects than addressed here. Since the study is 
innovative and Ph.D. research which is limited in resources, aspects such as pollination, 
dispersal, population ecology and physiology are not addressed. 

4. A more focused study for a longer period on a specific area or landscape, based on 
specific environment gradient such as altitude, latitude or climate might yield accurate 
mechanisms behind the patterns observed in this study. 
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Recommendations for conservation of orchids 

1. Epiphytic orchids are sensitive to diverse substrate level and tree level characteristics. 

This indicates the importance of mature and aged forest trees in the Western Ghats. Any 

unfavourable changes that weakens structural complexity of a natural forest might 

prevent the establishment of epiphytic orchids. 

2. Since epiphytic orchids are indicators of/strongly associated with rich structural 

diversity of trees, they may be used as a befitting tool to study the ecology of the 

complex tropical forests. The microhabitats/microclimates associated with trees 

support flora and fauna alike. 

3. Conservation of epiphytic orchids would ensure conservation of old aged, natural, 

structurally complex trees hence primary forests. 
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The  Westtern  Ghatts  mounttafin  ranges  tthatt  exttends 

1600km  along  tthe  westt  coastt  off  Indfia  fis  nott  only  a 

UNESCO  World  Herfittage  sfitte  butt  also  one  off  tthe  efightt 

bfiodfiverse regfions fin tthe world.  The Ghatts tthatt ttraverse 

tthrough  sfix  dfifferentt  sttattes  fis  a  geomorphologfical 

phenomenon older tthan tthe Hfimalaya.  Thfis hottspott fis 

a reserve off varfied lora, ffauna, landscape, edaphfic and 

clfimafic condfifions tthatt gfive rfise tto many mfightty rfivers.  

Itt  fis  assumed  tthatt  fforestts  off  tthe  Westtern  Ghatts  hold 

7,400 specfies off lowerfing plantts along wfitth finnumerable 

ffauna. 

The  alfittude  and  ttemperatture  gradfientts  wfitth 

varyfing  rafinffall  patterns  and  dry  seasons  ttogetther 

consfittutte  a  varfied  array  off  dfiversfitty  ffrom  nortth  tto 

soutth  off  tthe  Westtern  Ghatts.    The  ecology  off  tthese 

fforestt  ttypes,  however,  fis  sfill  largely  unknown,  ffor 

finsttance,  endemfism.  Itt,  sfill,  fis  hard  tto  find  scfienfific 

research  tthatt  has  been  carrfied  outt  on  endemfic  plantts 

and tthe mechanfisms underlyfing endemfism.  Thfis lfimfitts 

conservafion  sttrattegfies  ffor  whfich  ttaxonomy,  dfiversfitty, 

and  ecology  are  essenfial  componentts.  Itt  fis,  however, 

apprecfiable tthatt tthere have been a ffew recentt attemptts 

tto brfing outt a compfiled ttaxonomfic accountt on endemfic 

lora.  Flowerfing plantts off tthe Westtern Ghatts, Indfia by 

T.S. Nayar and otthers publfished fin 2014 fin ttwo volumes 

fincluded  8,080  ttaxa  and  7,402  specfies.    Off  tthe  5,588 

findfigenous  specfies,  2,253  specfies  are  endemfic  tto 

Indfia and 1,273 specfies are exclusfively confined tto tthe 

Westtern Ghatts (17%).  These volumes dettafiled acceptted 

names wfitth refferences, synonyms, natture off habfitt and 

economfic uses.  The lack off color phottographs, dettafiled 

nomenclatture,  descrfipfions,  ecology,  sttattus,  keys,  and 

fillusttrafions  fis  a  dfisappofinttmentt  tto  tthe  users  off  tthese 

books.    Followfing  tthfis  attemptt,  more  such  books  are 

makfing  way  tto  tthe  mafinsttream  off  field  ecology.    The 

very recentt ‘Rare, Endemfic and Threattened (sfic) plantts 

off tthe Westtern Ghatts’ by a tteam off young researchers 

ffacfilfittatted by MS Swamfinatthan Research Foundafion fis 

one such attemptt. 

Itt fis nottewortthy tthatt tthere fis no field gufide avafilable 

wfitth  dettafils  and  phottographs  off  tthe  lora  or  endemfic 

woody  plantts  off  tthe  regfion.  

Addressfing  tthfis  lacuna,  Navendu 

Page  has  publfished  a  firstt  off  fitts 

kfind  –  a  phottographfic  field  gufide 

on  Endemfic  Woody  plantts  off  tthe 

Westtern  Ghatts.    The  book  under 

revfiew fis a successfful attemptt tto fill 

tthe  gap  fin  tthe  ecology  off  endemfic 

specfies fin tterms off dfisttrfibufion and 

conservafion sttattus.  The book fis a 

collecfion off beaufifful fimages off 100 off tthe 350 endemfic 

woody  plantts  off  tthe  Westtern  Ghatts.    The  dfiscussed 

specfies  are  more  or  less  wfidely  dfisttrfibutted  or  seen  fin 

narrow  pocketts.    The  plattes  are  neattly  arranged  fin  an 

order off fincreasfing fimporttance, makfing fitt easy ffor any 

amatteur or field entthusfiastt.  Along wfitth phottographs off 

vegettafive and reproducfive sttages, specfies descrfipfion 

fis crfisp and clear pofinfing outt sfimfilar specfies tthatt may 
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Book review

look alike.  The dimensions of leaf, flower and fruit are 
given to enhance the use of this field guide. 

Further, what makes this book different is it uses a 
geographic distribution mapping except for data deficient 
species.  This was done using two measures such as the 
extent of occurrence and area of occupancy.  To create 
a more reliable distribution map, the author has used 
minimum convex polygon projections and ecological 
niche modeling using statistical tools.  They provide 
occurrence and predicted the distribution of a species.  
The black spots denote occurrence, the green color 
represents less suitable areas in terms of climatic niche 
and red indicates high suitability and high probability 
of occurrence.  This mapping is a big achievement in a 
scenario where distribution, occurrence and habitat of 
endemic plants are mostly unknown.  The author clearly 
gives the preferable elevational gradient and area in 
square kilometers for extent and area. 

The author claims that the assessment of species 
conservation status as a major achievement of his four 
year research carried out in the Western Ghats.  He has 
used the same criteria and color schemes for conservation 
status set by the IUCN Red List of Threatened Species 
(Version 3.1) (Species Survival Commission 2012).  The 
list includes 34 least concerned, five near threatened, 
27 vulnerable, 23 endangered, one critically endangered 
and 10 data deficient endemic woody plants.  Some 
species have been found doing better and therefore 
are down ranked in terms of conservation status.  It is 
not clear whether this was due to errors in previous 
assessment or population improved with better 
conservation management.  For instance, species such 
as Kingiodendron pinnatum, Hopea parviflora thought 
to be Endangered are now estimated as vulnerable and 
near threatened respectively.  Vateria indica thought to 
be Critically Endangered is changed to least concern.  
Again, Myristica malabarica, a Vulnerable species is 
now assessed as least concern.  Also, 93 species have 
been assigned a status for the first time.  The author 
has done this with his estimates of geographic range 
size based on Criterion B [‘severely fragmented’, refers 
to the situation in which increased extinction risk to the 

taxon results from the fact that most of its individuals 
are found in small and relatively isolated subpopulations 
(in certain circumstances this may be inferred from 
habitat information). These small subpopulations may 
go extinct, with a reduced probability of recolonization] 
in the IUCN status assessment to have a comparable 
stance with that of IUCN.  In other cases, species were 
reassessed with reference to status assigned by IUCN 
2000. 

Further, scientific name, family, vernacular names in 
four languages, ecology, distribution, and conservation 
status are available from each plate.  The reference list 
details the major sources from which information on 
species vernacular names, morphological description 
and IUCN status have been acquired.  The book 
funded by RUFFORD is surely a handy reference with 
photographs to field ecologists, researchers, forest 
officials and naturalists.  The general lack of knowledge 
among forest, wildlife researchers and officials about 
flora or plant taxonomy is a major concern today and 
therefore a book like Navendu Page’s becomes more 
relevant and useful.  An index of scientific names also 
makes reference easy for a researcher or professional.  
They are more helpful in the field, it seems, than a 
detailed key without photographs for the latter group.

There is, however, no easy glossary or identification 
key based on morphology to guide those who are 
unfamiliar with the flora and botanical dictionary.  As 
compared to the endemic species of the Western 
Ghats, the species covered are less than 10%.  I find the 
book very useful for field ecologists.  I do hope that, in 
future, similar efforts from the author or others would 
contribute towards a complete field guide to ecology of 
endemics of the Western Ghats! 
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