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SUMMARY

The key findings emerged from this study include-

A total of 66 epiphytes comprising 32 species of orchids, 09 species of ferns, and 25
species of hemi-epiphytes & holo-epiphytes were recorded from the study area. Orchids
had the highest species richness followed by ferns and hemi-epiphytes & holo-
epiphytes.

Among orchids, species of Bulbophyllum, Pholidota and Vanda were dominant. The
dominant species among ferns included Lepisorus sp., Davallodes hymenophylloides
and Pyrrosia flocculosa whereas, among hemi-epiphytes and holo-epiphytes, the
dominant species were Piper longum, Pothos chinensis, Rhaphidophora decursiva,

Scurrula parasitica and Ficus sp.

The abundance of epiphytes was observed highest in the Private Forest followed by the

Village Forest and Reserve Forest.

Species richness, using sampled-based Rarefaction curves of epiphytes showed that the
curve is not reaching an asymptote and observed species were highest in the Village

Forest followed by Reserve Forest and Private Forest.

The most abundant groups of epiphytes in Private Forest were hemiepiphytes mainly
dominating on the lower trunk. In the village forest, orchids were found occupying the

inner canopy. In Reserve Forest, ferns were in abundance and occupied the upper trunk.

Species correlation shows no difference in species composition.

Environmental variables are factors that can explain the difference in species richness

and abundance of epiphytes.



CHAPTER 1 INTRODUCTION

1.1 Background and Rationale
Except for Antarctica, epiphytes thrive throughout all continents albeit most prevalent in the

tropics. Depending on the host for either growth, support and germination (Benzing 1990; Zotz
2016; Flores-Argiielles et al. 2022), these species fall under the category of vascular epiphytes
comprising hemiepiphytes and holoepiphytes (Benzing 1998; Padmawathe et al. 2004). Often
called real epiphytes, holoepiphytes spend most of their life on their host plants, including
ferns, orchids, and aroids (Benzing 1995). Conversely, hemiepiphytes devote half of their life
cycle to their host trees before extending their roots into the soil and relying on them for support
(Madison 1977; Todzia 1986; Putz and Holbrook 1986). Additionally, smaller epiphytes than
their vascular counterparts are known as non-vascular epiphytes. Depending on the class to
which they belong, epiphytes grow on tree trunks, branches, rocks, and other substrates.
Epiphytes include ferns (Pteridophytes), aroids (Araceae), orchids (Orchidaceae) and several
groups of pothos, philodendrons, mosses, and liverworts (Zotz 2016) comprising
approximately 28,000 species (Benzing 1990). The angiosperms make up the bulk of the
epiphytes which are mainly prominent in the groups of monocotyledons (orchids) and

Polypodiales (ferns) (Zotz 2016).

The country's various climates can explain India's floristic diversity over its geological history
(Singhvi and Krishnan 2014) and the altitudinal variation from sea level to 8000 metres. The
Indian subcontinent can be broadly divided into three sections based on the floristic diversity,
however out of the overall flora, orchids distributions in the region include; in the Himalayan
region (with 868 taxa and 79 genera), Peninsular region (with 107 taxa), Andaman and Nicobar

Islands (with 20 taxa), and 30 taxa are found in both the Himalayan and the Peninsular regions,



this makes up the overall of 1025 taxa and 167 genera. Arunachal and Sikkim have the highest

orchid diversity and endemism (Sarat 2007).

The North-East Biogeographic Zone (9A-Brahmaputra valley and 9B-North East hills)
comprising of the states of Assam, Meghalaya, Nagaland, Manipur, Mizoram and Tripura
(Rodgers et al. 2000) harbour diverse species of flora and fauna. Endowed with a variety of
climates, the state of Meghalaya (Cherrapunji and Mawsynram) has been reported for the
highest rainfall in the globe. As a result, the state has a wide variety of different taxa groups
with 256 families i.e., dicotyledons account for the greatest number (with 183 taxa; 1070 genera
and 3010 species), followed by monocotyledons (with 33 taxa; 371 genera and 1233 species)
with Orchidaceae family having the most with (116 genera and with 476 species),
pteridophytes (with 30 taxa; 146 genera and 484 species), and lastly gymnosperms (with 10
taxa; 19 genera and 29 species) (Mao et al. 2016). Unfortunately, studies on epiphytes have not
received enough attention in the North-East region or Eastern Himalaya.

1.2 Present Study

While there have been several botanical studies carried out on understanding the diversity of
vascular plant species including orchids and pteridophytic flora in North-East region, no in-
depth research has been done on the epiphytic species across disturbance gradients, especially
across different community reserves or habitat types such as village forests, private forests and
reserve forests. In order to fully understand the diversity pattern, ecology, and interactions of
epiphytes with environmental conditions, further research is needed. Hence, as the information
on the distribution of epiphytes to anthropogenic activities is crucial for future conservation
planning, the present study aimed to address the effect of anthropogenic disturbance on

epiphytes in the Khasi Hills of Meghalaya, India.



1.2.1 Objectives
I.  To study species richness and abundance of epiphytes across different habitat types.

II.  To understand the variation in species composition across the different habitat types.
III.  To investigate the disturbance variables that underline the variation in species

composition.

1.2.2 Key research questions
To achieve the proposed objectives, key research questions are:

Objective 1

¢ Do the different habitat types exhibit different species richness?
Objective 11

e I[s there any variation in species composition across the different habitat types?
Objective 111

e What are the factors affecting the diversity of epiphytes?



CHAPTER 2 STUDY AREA

2.1 North-East Biogeographic Zone
The North-East biogeographic zone, which encompasses the states of Assam, Meghalaya,

Nagaland, Manipur, Mizoram, and Tripura, is divided into two biotic provinces: the
Brahmaputra valley (9A) and the North-East hills (9B) (Rodgers et al. 2000). Covering about
5.2% of the total geographical area of India, the region borders Bangladesh to the west,
Myanmar to the east, and Bhutan to the north. The region serves as a meeting place between
Peninsular India and the Himalayan Mountains and as a transitional zone between the
geographical regions of Indo-Malayan and Indo-Chinese (Mani, 1974). Owing to its high levels
of humidity and highest rainfall region in the world, the North-East zone is a biogeographic
area rich in endemism and distinctive flora and fauna. This zone consists of nearly 58.66% area
under forests (ISFR 2019). According to Champion and Seth (1968); Dikshit and Dikshit
(2014) and Tripathy et al. (2016), tropical evergreen forests, tropical semi-evergreen forests,
tropical moist deciduous forests, sub-montane hill: valley swamp forests, eastern wet alluvial
grassland, sub-tropical broadleaved hill Forests, sub-tropical pine forests, and montane
temperate forests are the major forest types in the region. It harbours 876 species of orchids,

which constitute 70% of the total orchid flora of India (Dikshit and Dikshit, 2014).

2.2 Meghalaya: the abode of clouds
Located in the North-East biogeographic zone, Meghalaya lies between 25°1' to 26°5' N

latitudes and 85°49' to 92°52' E longitudes. The state covers an area of 22,429 km2 in which
Khasi Hills and Jaintia Hills form the central and eastern parts of Meghalaya, having plateaus
with rolling grasslands, hills and river valleys. The Mawsynram village receives the highest
rainfall globally, averaging about 750cm. As per Champion and Seth (1968), alluvial Sal,
foothill and plateau Sal, very moist sal bearing forests-Khasi hills Sal, mixed deciduous forests,

evergreen forests, bamboo forests, grasslands- northern tropical moist deciduous forests,

10



Assam sub-tropical pine forests are the major types of forests in the state. Haridasan & Rao
(1985—1987) broadly classify the state's vegetation into tropical forests, sub-tropical
broadleaved and pine forests, temperate forests and grasslands. The geographical distribution
of Meghalaya's plant life reveals that 548 plant species (302 genera under 100 families) are
endemic to the eastern Himalayan area, north-eastern India, or Indo-Burma (Mir et al., 2019).
Out of these, Meghalaya is home to 115 endemic species. Epiphytes account for 25.4% of all
living forms, with trees (25%), shrubs (21.7%), herbs (21%), climbers (6.6%), and parasites

(0.4%) following in order of dominance (Mir et al., 2019).

2.2.1 Forest areas and their ownership
According to the management level, Meghalaya's forests are divided into several categories

under the Meghalaya Biodiversity Strategy & Action Plan (MBSAP): 2017-2030. These
categories include community reserves (CF), unclassified, private, village, protected, and
community (Raij) forests. CF also comprises sacred groves, village forests, rain forests,
syiemship forests, clan forests, church forests, society forests, and cemetery forests. All of these
areas are managed by community people or traditional Institutes (TI), which are headed by
Syiem (Chief), Sirdar, Wahdar, Lyngdoh (religious priest), Rangbah Shnong (Head man of the
village), Rangbah Kur (Head of the Clan), Syiem Raid, etc. Other non-traditional institutes,
such as the Khasi Hills Autonomous District Council, established under the sixth schedule of
the Indian Constitution, have administrative control over this community forest.

2.2.2 Topography

The East Khasi hills comprise a number of rolling hills with deep gorges and ravines towards
the southern slope from the Shillong plateau to Bangladesh. The district experiences a variety
of climates, from mild in the plateau area to warmer tropical and subtropical areas in the
northern and southern sections. The southwest monsoon, which usually starts in May and lasts

until September, has an impact on the entire district. Except for a comparatively dry stretch
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that often occurs between December and March, the entire year is humid (Das and Sudhakar
2014).

2.2.3 Geology, Rock and Soil

The East Khasi Hills is geomorphologically undulating, it comprises rolling grassland hills and
river valleys that flow through the ravines to the southern slope between Mawsynram, Shella,
and Cherrapunyji. It is the land that holds the ancient remnants plateau of the Indian Peninsular
Shield during the tectonic movements. The rocks beneath are from the ancient Purana group.
Geology, relief, climate, and vegetation are some of the variables that affect an area's soil type.
Alluvial soils are found mostly in the southern slopes and are rich in potash poor in phosphate
context and acidic, red loamy soil is found in the region as a product of weathering of rocks
like granites, gneisses, etc. in the north of East Khasi Hills minerals like quartzite, schist,
conglomerate etc, are found there. Still, the soil texture varies from clay to sandy clay loam

with a different gradient of fertility and organic matter.

According to Das and Sudhakar (2014), the district's soils range in composition from Ultisols
(50%) to Alfisols (31%) to Inceptisols (19%), with thermic and udic temperature regimes and
moisture regimes. The pH range of the soils is 5.12 to 5.96. They are well-drained to
excessively drained, moderately acidic to slightly acidic, and moderately deep to extremely
deep. The district's remaining areas are mostly slightly acidic, with about 46% being
moderately acidic. The texture of soil can range from sandy clay loam to clay. About 85% of
the land area is made up mostly of loamy soils, which include clay loam and sandy loam.
2.2.4 Climate and Rainfall

East Khasi Hills has the unique distinction of having the wettest place on earth that is
Mawsynram with annual rainfall of about 12,270 mm (www.ceicdata.com). According to the
data by the CEIC which is reported by the India Meteorological Department, averaging 0.800

mm from June 2018 to 26 Nov 2023, with 1963 observations, the data reached an all-time high

12



of 400.400 mm on 17 June 2022 and a record low of 0.000 mm on 26 November 2023
(www.aws.imd.gov.in). In the monsoon season because of the southwest monsoon, almost all
parts of the district receive heavy rainfall between May to September.

2.3 Intensive Study Area

East Khasi Hills is one of the 11 districts of the state of Meghalaya covering an area of 2,748
km? and lies between the latitude of 25°07” & 25°41” N and longitude of 91°21” & 92°09” E.
The current study was conducted in the Thangkarang Community Reserve (25°13.030° lat &
91°43.800’ long) and Ryngud Community Reserve (25°13.476 lat & 91° 46.151 long) of the
East Khasi Hills District, which is managed by the Community Reserve Management
Committee of the region. Map showing study sites, elevation, slope, and aspect are provided

in Figures 1.1 to 1.4.
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Figure 1.1: Map showing study sites in East Khasi Hills District, Meghalaya.
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Figure 1.2: Map showing the elevation of the study area.
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Figure 1.3: Map showing the slope of the study area.
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CHAPTER 3 LITERATURE REVIEW

3.1 Global epiphyte distribution

Epiphyte lineages evolved in the tropical forest and represent more than one-third of vascular
plant species (Benzing, 2008; Barthlott et al., 2001; Zotz, 2016; Pinho, 2020); global patterns
of the epiphytes are primarily found in the tropics and decrease towards the poles (Benzing
1990; Gentry & Dodson, 1987; Madison, 1977; Zotz, 2016). Due to speciation, the Neotropical
region has more species than any other region on Earth. However, the southern Peruvian Andes
have the highest elevation vascular epiphytes yet discovered globally (Sylvester et al., 2014).
A study by Taylor et al., (2022) claims that during the previous 30 years, limited research has
been done on the quantification of global patterns of epiphyte distribution. Thus, more research
is required to comprehend the diversity pattern of epiphytes, their ecology, and their
interactions with environmental factors (Currie et al., 2004; Ricklefs, 2004; Kreft & Jetz,
2007).

3.2 Impact on Epiphytes

Epiphytes are susceptible to changes in the global climate (Lugo & Scatena 1992; Benzing
1998; Zotz 2009). It is one of the factors contributing to the anthropogenic strain on many
plants, and it is pretty concerning, particularly in regions with rich plant diversity like the
tropics (Lovejoy & Hannah, 2005; Solomon et al., 2007; Zotz, 2009). Due to climate change,
phenological patterns may also be affected, resulting in species shifting upwards to higher
elevations (Zotz, 2009). Another reason is that they adapt well to moist environments (Gentry
& Dodson, 1987; Zotz, 2009), changes in the precipitation pattern (Solomon et al. 2007; Zotz,
2009), and temperature, which are the drivers of diversity along the latitudinal and longitudinal
gradient (Archibold, 1995; Zotz, 2009) and the temperature changes will alter germination of
epiphytes (Downs, 1964; Zotz, 2009). Another factor that causes the decline of epiphytic

species is pollution (D'Cunha et al., 2013).
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3.3 Impacts of Forest Transformation: India

The epiphytic flora is impacted by replacing primary forest with secondary forest since primary
forest is one of the places where many epiphyte species are still found (Gradstein et al., 2003).
Sometimes, deforestation in the lowlands affects the cloud forest in the mountains, which
directly affects cloud formation and, as a result, reduces moisture inputs in the nearby
highlands, causing the moist air to be pulled away (Lawton et al., 2001). Some epiphytic
families, like bromeliads, do thrive well in the secondary forest, and the reason for this is being
speculated (Barthlott et al., 2001). Tree logging is also one of the reasons for the decline in
vascular epiphytes due to habitat loss (Barthlott et al., 2001; Padmawathe et al., 2004).
therefore, trees are the primary determinants of their composition and diversity since they are
closely related to the species they host. (Adhikari et al., 2012) Of epiphytes. Other studies have
also shown that not all epiphytes prefer a host species like the heliophilic epiphytes (Wagner
et al., 2015; Pinho, 2020), yet the majority of species, such as many bark ferns, orchids, and
atmospheric bromeliads are located close to main trees (Woods et al., 2015; Gémez Gonzalez

et al., 2017; Pinho 2020).

3.4 Impacts of Forest Transformation: Meghalaya

Around 100,000 sacred groves are reported to exist in India, making it the country with the
most in the world (Malhotra et al. 2007; Ormsby 2013). Despite the enormous diversity of
plants and animals found in these woods, their quality has declined as a result of population
growth and shifting human lifestyles (Chandrakanth et al. 2004; Ormsby 2013). Mostly, the
forests of Meghalaya are remarkably rich due to high endemism (Balakrishnan 1981-1983;
Mishra 2003). Primary forest habitats have been destroyed as a result of extensive deforestation
caused by horticultural plantations, mining, illicit logging, towns, Jhum farming or shifting
cultivation (Mishra 2003), and agricultural fields (Lyngdoh et al., 2023). Furthermore, as a
result of the overexploitation of orchid species, all orchids are protected by the Convention on
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International Trade in Endangered Species of Wild Fauna and Flora (CITES), which are listed
in Appendix II (Mir, 2023). Therefore, any depletion of biodiversity is most likely to reduce
diversity which is caused by anthropogenic disturbance itself (Mishra, 2003). Collection of
NTEFPs is also one of the reasons for the depletion of community forest in Meghalaya, for
example, firewood extraction (Lynser, 2020) and others such as Calamus sp., Bambusa sp.,
Phrynium sp., Honey, Cinnamomum tamala, Eurya acuminata, Piper khasianum, Mushrooms,
Orchids, Thysanolaena maxima, Flemingia vestita, Phoenix sp. and Luffa sp. are collected by

the locals from wild.

2024.04.2213:50

Thangkharang Community Reserve, East Khasi Hills
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CHAPTER 4 METHODOLOGY

4.1 Site selection
The community reserves (CR) were selected based on the similarity in site conditions such as

topography, altitude, aspect, slope, distance of one site to another, and vegetation. According
to the level of management and habitat types, three habitat types within CRs were identified
such as (a) Reserve forests (RF) which are under the management of the state forest department,
and local people have very limited access to them, (b) Private forests (PF) which are owned by
an individual and are primarily utilized for personal use and (c) Village forests (VF) which are
under the United Khasi-Jaintia Management of Forest Acts 1958 control and are available for
village use and administrative authority for these community forests is vested in the Khasi Hills
Autonomous District Council. Considering the disturbance gradients and management, lopping
was the only disturbance variable taken and RF was considered as a control site as these forests
comparatively have no disturbance, the village forest has intermediate disturbance, and the
private forest as the high disturbance site (Table 1.1). A total of 56 plots (28 in each site) were
laid in the selected CRs. Of these, 22, 17, and 17 plots were laid in PF, RF, and VF,

respectively.

202408241646 |

Ryngud Community Reserve, East Khasi Hills
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Table 1.1. Different habitat types, disturbance gradients, and management in the study

area.
Habitat types | Gradient of Management Vegetation
disturbance plots studied
(radius=10m)
Private Forest High Individual 22
(PF)
Village Forest | Intermediate | Villagers (United Khasi-Jaintia Management 17
(VF) of Forest Act 1958).
Reserve Forest Low State Forest Department 17
(RF)

4.2. Sampling design
4.2.1. Trees

The following parameters were kept in mind while collecting the data such as name of the
species, number, girth at breast height (GBH, above 1.37m), height, and canopy cover were
measured. Plants with >10 cm GBH were considered as trees which was measured using
measuring tape. The height of the tree was estimated using a rangefinder and by visual
interpretation. For canopy cover, a densiometer was used to record where 5 readings at a time
were taken. For sampling, 7-10 plots were laid in each habitat type based on the size of the
area. 10m radius (314m? area) was demarcated with the help of nylon rope/measuring tape for
tree sampling. In the event that an identification of the species could not be made in the field,

specimens were gathered and the species were photographed.

4.2.2. Epiphytes

Sampling of epiphytes was carried out in the 10m radius plots. Direct observations were taken

along with the help of binoculars and photographs. The vascular epiphytes (hemi-epiphytes
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and holo-epiphytes). The host species was stratified into four different zones such as Zone 1,

Zone 2, and Zone 3 also known as the ‘Johansson zones’ (Zotz, 2016) covering the inner branch

and outer branch (Figure 1.5). Dividing trees into these zones helped in recording the

epiphyte’s location on the host plant and was correlated with disturbance data to check the

scale of lopping.

Zone -4 |
nnercaﬁ Zone -3 |
i~
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Figure 1.5: Diagrammatic representation of the Johansson zones for sampling epiphytes

in the present study.

4.3. Data analysis

Major analysis was carried out to find out whether the different habitat types namely

private forest (PF), reserve forest (RF), and village forest (VF) were different in terms of

species richness, abundance, composition, and disturbance across all sites.

For performing analysis, for species richness and abundance, several species richness estimator

was used, these are -
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Species accumulation curve: Since sampling efforts were based on species accumulation

curve, therefore this curve was used to test if the sampling efforts were enough across habitat

types.

Species Rarefaction curve: This curve was used to give an estimate of the assemblages or
groups of epiphytes (Fern, orchid, hemi-epiphyte, and holo-epiphytes), of what will be the
richness if sampling efforts increase.

o Randomizations of samples were done using R Software.

Diversity indices: Since epiphytes are modular species, therefore their indices could
not be calculated (Padmawathe 2004)

Non-parametric Estimator: Chao 1 was used to estimate the absolute number of
groups of epiphytes. The estimates given by Chao 1 are based on the presence of
singletons and doubletons in a sample. To check for unsampled species across habitat
types R software was used.

Rank abundance curve: This curve was used to see how common a species is and
how rare the species is, therefore those species that have low ranks are more common

and species with high ranks are rare species in the sample.

Species correlates and composition

For performing analysis, for species correlates and composition, Non-metric

Multidimensional Scaling (NMDS) was used, this was done to test paired-wise differences

between species composition across habitat types. Here the data is usually converted to a

dissimilarity matrix and incorporated in ordination.

Comparison analysis

Exploratory analysis (Box and Whiskers) was done to see the difference in lopping

pressure across habitat types, most importantly it was also used to see the differences in the

environmental variables affecting the variation in species composition.
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CHAPTER 5 RESULTS

5.1 Richness of vascular epiphytes
A total of 66 epiphytes comprising 32 species of orchids, ferns (09 species), and hemi-

epiphytes & holoepiphytes (25 species) were recorded from the study area. Orchids had the
highest species richness (although less abundant) dominated by Bulbophyllum sp., Pholidota
sp., and Vanda sp. The dominant species of ferns include Lepisorus sp., Davallodes
hymenophylloides, and Pyrrosia flocculosa. Among hemi-epiphytes & holo-epiphytes, the
dominant species were Piper longum, Pothos chinensis, Rhaphidophora decursiva, Scurrula
parasitica, and Ficus sp. The details of the dominant species of orchids, ferns, and hemi-

epiphytes & holo-epiphytes are provided in Table 1.2.

Table 1.2. Dominant species of orchids, ferns, and hemi-epiphytes & holo-epiphytes

Habitat Orchids Ferns Hemi-epiphyte & holo-
type epiphytess
Private Pholidota sp. 1 Davallodes hymenophylloides Piper longum
Forest
Papilionanthe teres Lepisorus sp. Hoya parasitica
Cymbedium alaifolium Pyrrosia flocculosa Piper mullesua
Village Dendrobium densiflorum Davallodes hymenophylloides Piper longum
Forest
Pholidota sp. 1 Lepisorus sp. Pothos chinensis
Cymbedium alaifolium Pyrrosia flocculosa Ficus foveolata
Reserve Dendrobium densiflorum Davallodes hymenophylloides Piper longum
Forest
Pholidota sp. 1 Lepisorus sp. Pothos chinensis
Cymbedium alaifolium Pyrrosia flocculosa Rhaphidophora
decursiva
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5.2 Species accumulation curve (Trees) across habitat types
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Figure 1.6: Species accumulation curve of trees in Private Forest.
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Figure 1.7: Species accumulation curve of trees in Reserve Forest.
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Figure 1.8: Species accumulation curve of trees in Village Forest.
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The species accumulation curve of trees across habitat types shows an increasing trend
and not reaching an asymptote, therefore more sampling efforts would be required across

habitat types (Figures 1.6, 1.7, and 1.8).

5.3 Species accumulation curve (Epiphyte) across habitat types
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Figure 1.9: Species accumulation curve of epiphyte in Private Forest.
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Figure 1.10: Species accumulation curve of epiphyte in Reserve Forest.
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Figure 1.11: Species accumulation curve of epiphyte in Village Forest.

The species accumulation curve of epiphytes across habitat types also shows a similar
trend and not reaching an asymptote, therefore more sampling efforts would be required across

habitat types.

5.4 Sample-based rarefaction curve of epiphytes across habitat types

30 -

Species

20-

0 5 10 15 20
Sites

Figure 1.12: Sample-based rarefaction curve of epiphyte in Private Forest.
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Figure 1.13: Sample-based rarefaction curve of epiphyte in Reserve Forest.
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Figure 1.14: Sample-based rarefaction curve of epiphyte in Village Forest.

The sample-based rarefaction curve of epiphytes shows the faster accumulation of
species across habitat types (Figures 1.12, 1.13, and 1.14). Table 1.3 shows that the observed
species richness in the private forest is 37, and Chao estimator estimates show that 47.74 more
species will be observed if sampling efforts are increased, and Chao standard error is showing
7.28 which means that the species encountered are more common, comparing the standard error
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in the reserve forest which is 24.5, this means that there are many species with singletons and

doubletons and also reserved forest is more riched according to the expected value given by

Chao if sampling efforts are increased.

Table 1.3. Chao estimator for species richness of epiphytes

Private Forest 22 37 47.74 7.28

Reserve 17 38 75.65 24.5
Forest

Village 17 40 71.12 17.9
Forest

5.5 Rank Abundance curve of epiphytes across habitat types
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Figure 1.15: Rank abundance curve of epiphyte in Private Forest.
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Figure 1.16: Rank abundance curve of epiphyte in Reserve Forest.
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Figure 1.17: Rank abundance curve of epiphyte in Village Forest.

# Piper longum (Bl), Pothos chinensis (B4), Pyrrosia flocculosa (A4), Davallodes
hymenophylloides (A12), and Lepisorus sp. (A16).

B1, B4, A16 and A12 were the low rank species in PF (Figure 1.15), A16, B1, A12

and A4 in RF (Figure 1.16) and B1, A12, A4 and Al in VF (Figure 1.17).
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5.6 Abundance of epiphytes with respect to host trees
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Figure 1.18: Abundance of epiphyte with respect to host trees.

As per Figure 1.18, the positive value is the proportion relative abundance of epiphytes
and the negative value is the proportion relative abundance of the number of trees. In the
present study, Michelia champaca showed a high abundance of epiphytes compared to other

trees.
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5.7 Abundance of epiphytes
In PF, the lower trunk exhibits higher abundance; in RF, the upper trunk exhibits higher

abundance, whereas, in VF, the lower trunk exhibits greater abundance. The outer canopy of
the studied habitat types exhibited the least abundance (Figure 1.19). Details of the abundance

of epiphytes in the various zones of the tree for various habitat types is provided in Table 1.14.

Table 1.4 Abundance of epiphytes in each zone across habitat types.

Row Labels Lower Upper trunk | Inner canopy Outer Total
trunk canopy
Private Forest 324 223 142 71 760
Reserve Forest 133 160 122 28 443
Village Forest 156 151 145 75 527
Grand Total 613 534 409 174 1730
350 -
B Lower trunk m Upper trunk
300 A
250 A = Inner canopy Outer canopy
[J]
§ 200
a
< 150
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50

PF RF VF
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Figure 1.19: Abundance of epiphytes in different zones across habitat types.
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Plate3: EPIPHYTES OBSERVED IN THE STUDY AREA

Hoya arnottiana Piper sp.
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5.7.1 Abundance of different categories of epiphytes across habitat types

Hemi-epiphytes & holo-epiphytes were the abundant epiphytes followed by ferns and orchids
in the study area. Table 1.5 shows the abundance of ferns, orchids, and hemi-epiphytes & holo-
epiphytes in the studied sites.

Table 1.5 Abundance of different groups of epiphytes.

Group Abundance
Orchid 265
Ferns 668
Hemi-epiphytes & holo-epiphytess 797
Total 1730

5.7.1.1 Ferns

In private forests, the upper trunk and inner canopy exhibit equal abundances of ferns, whereas
the outer canopy shows the least fern abundance as compared to the reserve forests which
harbours the highest in the upper trunk and the least number in the outer canopy. Village forests
also display a gradient of varying fern abundance across different zones. The details on the
abundance of ferns in different zones across various habitat types is provided in Table 1.6 and
Figure 1.20.

Table 1.6 Abundance of ferns in different zones across habitat types.

Upper Inner Outer
Row Labels | Lower trunk trunk canopy canopy Total
Private Forest 33 70 70 46 219
Reserve forest 79 88 62 13 242
Village Forest 46 65 61 35 207
Grand Total 158 223 193 94 668
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Figure 1.20: Abundance of ferns in different zones across habitat types.

5.7.1.2 Orchids
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As compared to other habitat types, the current study observed that orchids harbour more

abundance in village forests in which the inner canopy had the highest epiphyte abundance,

whereas private forests had the lowest orchid abundance (Table 1.7 and Figure 1.21).

Table 1.7 Abundance of orchids in different zones across habitat types.

Lower Upper Inner Outer
Row Labels trunk trunk canopy canopy Total
Private forest 10 31 24 8 73
Reserve Forest 13 33 28 5 79
Village Forest 17 38 39 19 113
Grand Total 40 102 91 32 265
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Figure 1.21: Abundance of orchids in different zones across habitat types.

5.7.1.3 Hemi-epiphytes & holo-epiphytes

The highest number of hemi-epiphytes was recorded on the lower trunk in private forests

while the least abundance of hemi-epiphytes was recorded in reserve forests (Table 1.8).

Table 1.8 Abundance of hemi-epiphytes in different zones across habitat types.

Lower | Upper Inner Outer
Row Labels trunk | trunk canopy canopy Total
Private Forest 281 122 48 17 468
Reserve Forest 41 39 32 10 122
Village Forest 93 48 45 21 207
Grand Total 415 209 125 48 797
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Figure 1.22: Abundance of hemi-epiphytes and holo-epiphytes in different zones across

habitat types.

5.8. Unique epiphytic groups across habitat types
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Figure 1.23: Unique species of epiphytic groups across habitat types.
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Figure 1.23, shows that a unique species of ferns are not present in the village forest, hemi-
epiphytes are more unique in the village forest and eight orchids are unique to only reserve

forest.

5.9. Species Composition across habitat types
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Figure 1.24: NMDS showing the species composition across habitat types.

NMDS shows that the green ellipse which is a reserve forest shows how the data is varied
because it holds many species that occur only once and twice or species that are unique only to
certain plots. Private forest (red ellipse) and village forest (blue ellipse) are a subset of reserve
forest, which means that the species are similar, therefore species composition shows similarity

across habitat types (Figure 1.24).
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5.10 Disturbance variables that underline the variation in species composition.

5.10.1 Extent of lopping

Average lopping
1) [

Private Forest Reserve Forest Village Forest

Figure 1.25: Box plot showing the extent of lopping across habitat types.

It was observed that the lopping frequency is more in the private forests compared to reserve
forests and village forests (Figure 1.25).

5.10.2 Sum of GBH
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Figure 1.26: Box plot showing the sum of GBH across habitat types.

Figure 1.26 shows that GBH was more in private forests compared to reserve forests and village

forests.
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5.10.3 Average height
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Figure 1.27: Box plot showing the average height across habitat types.

The average height was more in private forests compared to reserve forests and village forests

(Figure 1.27).

5.10.4 Average slope
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Figure 1.28: Box plot showing the average slope across habitat types.

The average slope across habitat was observed more in reserve forest, followed by village
forest, and private forest (Figure 1.28). This is due to the topography of the study area, where

soil retention is less. Another reason is that most of the sites are inaccessible by locals these
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habitats are usually comparatively undisturbed and could have more species of epiphytes that

are adapted to fewer areas with higher slopes.

5.10.5 Average canopy cover
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Figure 1.29: Box plot showing the average canopy cover across habitat types.

The average canopy was more in private forests compared to reserve forests and village forests

(Figure 1.29).

5.10.6 Average elevation
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Figure 1.30: Box plot showing the average elevation cover across habitat types.

The average height was more in reserve forests compared to private forests and village forests

(Figure 1.30).
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CHAPTER 6 DISCUSSION

The present study suggest that each habitat has its distinct species richness though they may
not vary greatly but have their significant importance, briefly recapitulating the abundance and

species richness of epiphytes across habitats.

Species richness and abundance

Sample-based rarefaction curve and Chaol estimator suggest higher epiphytic richness in
reserve forests as compared to private forests and village forests. It could be attributed due to
diverse habitat type that play a crucial role in supporting epiphytic population. The rank
abundance curves of the Reserve Forest (Figure 1.18), show a uniform trend, and high species

evenness as compared to other habitat types.

Individuals of Michelia champaca supported high abundance of epiphytes compared to other
trees such as Bauhinia purpurea which comparatively has a greater number of individuals, and

hence showed less epiphytic abundance across habitat types.

Why do certain epiphyte species dominate certain zones of occurrence?

In private forests, the zones of occurrence of species are high in the lower trunks which could
be due to forest clearing, a form of human interaction through interference and disturbance as
also observed by Hirzel & Le Lay (2008). Species such as Piper longum, which grows naturally
are protected because of their commercial value and medicinal value (Gajurel et al., 2021). On
the other hand, species like Pothos chinensis, and Rhaphidophora sp. which can occupy the
same zone on tree trunks and might compete for space are unutilized by locals and hence are
frequently cleared or removed manually from Areca catechu plantations. Another reason could

be due to suitable niche for their survival as indicated by Gleson (1926), Peterson et al. (1999),
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Peterson & Vieglais (2001), Martinez-Meyer et al., 2004 and Hirzel & Le Lay (2008) which

observed in greater abundance in the upper trunks in the reserve forest.

The abundance of species in the upper trunk of the reserve forest could be that the understorey
has more cover therefore more moisture is retained which can function as a water conservator
in mosses on the bark of the host when it rains, this serves as a good refuge for many species
of ferns that requires such condition. Certain species, such as Lepisorus sp. and Davallodes
hymenophylloides, are known to be associated with moss, which provides a suitable niche for
those ferns, as also observed by Zotz (2016).

As orchid requires mild to full sun light for their growth and development and this could be
achieved from these filtered canopies that are lopped by villages for fuel wood collection.

Consequently, lopping could have a positive and also negative impact on the orchid abundance.

What are the factors for species composition?

Several factors might contribute to epiphyte composition resulted due to diverse niches
available for epiphyte colonization and increased availability of suitable substrates, such as
older trees, tree size, and rough bark or it could be due to microclimatic conditions. In Figure
1.23, unique species are found only in one particular habitat because of the site factors. Figure
1.24, Private Forest (red ellipse) and village forest (blue ellipse) are a subset of reserve forest,
which means that the species are similar, therefore species composition shows similarity across
habitat types because of soil differences and geographical features across habitat types
(Valencia (2004). Figure 1.25 shows that because the harvest of species like Cinnamomum
tamala and Areca catechu is happening inside the private forest, these species are commercially

valued more.

Girth at Breast Height (GBH)
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The sum of GBH shows that the reason is that most private forests have larger trees or primary
trees with a Girth above 200m because of when we look at the life history traits of the locals
when the challan market was open at the border between Meghalaya and Bangladesh, they used
to challan wood from Meghalaya to Bangladesh, therefore, people are more conservative
towards the trees growing in their land as it has higher timber value when they are sold to the
Bangladeshi, thus the remaining trees are the remnants of trees left in the private forest. Another
reason is also that since there are plantations inside these forests many stems of Areca catechu
are conserved for years for a good harvest. this suggests even in private forests disturbance is
more, while mature forests harbour good numbers of epiphytes. The sum of GBH in reserve
forests and village forests could be due to which these forests are recent forests or coppice
forests which have less stem density. Species that adapt in such forests are early successional
epiphytes that can survive such environments (Figure 1.26).

Height

The reason that private forest has plantations have more heights is that they are comparatively
less disturbed, and another reason is that there are many matured old trees in such habitats,
therefore they have time to grow suggesting stability (Figure 1.27).

Slope

The slope is also one of the factors that results in species composition due to the topography of
the study area, where soil retention is less. Another reason is that most of the sites are
inaccessible by locals and these habitats are comparatively undisturbed and could have more
species of epiphytes that are adapted to fewer areas with higher slopes (Figure 1.28).

Canopy cover

Private forests with plantations had more canopy cover, but do not have understorey because
of plantation cleaning by locals for better management during harvesting, therefore, these

habitats usually have an extreme temperature which can create stress to many epiphytes.
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Moreover, other reasons could be due to forest characteristics such as canopy structure could
serve as a suitable habitat for epiphytes (Nascimbene et al (2013).

Elevation

Elevation plays an important role in defining species composition. In Figure 1.30, one of the
reasons to understand differences in species composition could be the land use history of the
area. The village forests and the private forests had altered habitats due to agriculture and
human habitations established mostly in flatter lands by locals. Another reason is that higher
elevations have cooler temperatures which can harbour different species of epiphytes,
moreover will have more precipitation which is caused by the orographic uplift which can hold
more humidity perfect microhabitats for mosses and fern. Rahbek (1995); and Kumar et al
(2022) found that biodiversity increases with elevation up to a certain point, after which it tends

to decline, likely due to decreasing temperature and productivity.
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Appendix 1. Checklist of Tree species recorded.

Tree

code Scientific name Habit

T1 Knema erratica (Hook.f. & Thomson) J.Sinclair Tree

T2 Brassaiopsis glomerulata (Blume) Regel Tree

T3 Premna bengalensis C.B.Clarke Tree

T4 Dasymaschalon longiflorum (Roxb.) Finet & Gagnep. Small Tree

TS Ficus tinctoria G.Forst. Tree

T6 Garcinia pedunculata Roxb. ex Buch.-Ham. Tree

T8 Viburnum foetidum Wall. Shrub

T10 Albizia odoratissima (L.f.) Benth. Tree

T13 Helixanthera ligustrina (Wall.) Danser Parasitic shrub

T16 Firmiana colorata (Roxb.) R.Br. Tree

T18 Lithocarpus elegans (Blume) Hatus. ex Soepadmo Tree
Monoon simiarum (Buch.-Ham. ex Hook.f. & Thomson)

T25 B.Xue & R.M.K.Saunders Tree

T26 Hydnocarpus kurzii (King) Warb. Shrubs/Trees

T28 Elaeocarpus floribundus Blume Tree

T32 Berberis napaulensis (DC.) Spreng. var. napaulensis Shrub

T39 Sumbaviopsis albicans (Blume) J.J.Sm. Tree

T40 Choerospondias axillaris (Roxb.) B.L.Burtt & A.W.Hill Tree

T42 Lepisanthes erecta (Thwaites) Leenh. Shrub
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T46 Diospyros kaki Thunb. Tree
T49 Cordia dichotoma G.Forst. Tree
T50 Saraca asoca (Roxb.) W.J.de Wilde Tree
T85 Styrax serrulatus Roxb. Tree
T86 Itea chinensis Hook. & Arn. Tree
TI11 Archidendron clypearia (Jack) 1.C.Nielsen Tree
T112 Areca catechu L. Tree
T113 Aporosa octandra (Buch.-Ham. ex D.Don) Vickery Tree
T114 Artocarpus heterophyllus Lam. Tree
T115 Baccaurea ramiflora Lour. Tree
T117 Bauhinia purpurea L. Tree
T118 Bauhinia variegata L. Tree
T119 Betula alnoides Buch.-Ham. ex D.Don Tree
T120 Bombax ceiba L. Tree
T122 Caryota urens L. Tree
T123 Castanopsis armata (Roxb.) Spach Tree
T124 Castanopsis indica (Roxb. ex Lindl.) A.DC. Tree
T125 Castanopsis lanceifolia (Oerst.) Hickel & A.Camus Tree
T126 Castanopsis tribuloides (Sm.) A.DC. Tree
T127 Castanopsis wattii (King ex Hook.f.) A.Camus Tree
T128 Cinnamomum bejolghota (Buch.-Ham.) Sweet Tree
T129 Cinnamomum curvifolium (Lour.) Nees Tree
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T130 Cinnamomum tamala (Buch.-Ham.) T.Nees & C.H.Eberm. Tree
T132 Drimycarpus racemosus (Roxb.) Hook.f. ex Marchand Tree
T133 Duabanga grandiflora (Roxb. ex DC.) Walp. Tree
T134 Ehretia wallichiana Hook.f. & Thomson ex C.B.Clarke Tree
T135 Elaeocarpus rugosus Roxb. ex G.Don Tree
T136 Engelhardia spicata Lechen ex Blume Tree
T137 Eurya acuminata DC. Tree
T138 Eurya japonica Thunb. Shrub
T139 Exbucklandia populnea (R.Br. ex Griff.) R.W Br. Tree
T140 Ficus simplicissima Lour. Tree
T141 Ficus pyriformis Hook. & Arn. Shrub
T142 Ficus semicordata Buch.-Ham. ex Sm. Tree
T143 Ficus rumphii Blume Tree
T144 Ficus simplicissima Lour. Tree
T145 Glochidion lanceolarium (Roxb.) Voigt Tree
T146 Glochidion thomsonii (Miill.Arg.) Hook.f. Shrubs ca. 3 m tall
T147 Gynocardia odorata R.Br. Tree
T148 Itea macrophylla Wall. Tree
T149 Leea indica (Burm.f.) Merr. Shrub
T150 Ligustrum robustum (Roxb.) Blume Shrub
T151 Litsea monopetala (Roxb.) Pers. Tree
T152 Macaranga indica Wight Tree
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T153 Mangifera indica L. Tree

T154 Mesua ferrea L Tree

T155 Magnolia champaca (L.) Baill. ex Pierre Tree

T157 Olax acuminata Wall. ex Benth. Shrub/ Small tree
T158 Pandanus odorifer (Forssk.) Kuntze Tree/shrub
T159 Machilus kingii Hook f. Tree

T161 Pittosporum napaulense (DC.) Rehder & E.H.Wilson Shrub
T162 Photinia integrifolia Lindl. Tree

T164 Castanopsis indica (Roxb. ex Lindl.) A.DC. Tree

T165 Schima wallichii (DC.) Korth. Tree

T166 Schima khasiana Dyer Tree

T167 Symplocos cochinchinensis (Lour.) S.Moore Tree/shrub
T168 Symplocos pyrifolia Wall. ex G.Don Tree

T169 Syzygium diospyrifolium (Wall. ex Duthie) S.N.Mitra Tree

T170 Syzygium tetragonum (Wight) Wall. ex Walp. Tree

T171 Syzygium cumini (L.) Skeels Tree

T172 Wallichia oblongifolia Griff. Shrub
T173 Monosis volkameriifolia (DC.) H.Rob. & Skvarla Tree

T174 Wendlandia tinctoria (Roxb.) DC. Tree

T175 Miliusa dioeca (Roxb.) Chaowasku & Kessler Shrub
T176 Antidesma khasianum Hook f. Tree
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Appendix 2. Checklist of Hemi-epiphyte and holo-epiphytes recorded.

Hemi-epiphyte and

holo-epiphytes Code | Scientific Name Habit
B2 Heptapleurum Gaertn.
B3 Rhaphidophora decursiva (Roxb.) Schott Climber
B4 Pothos chinensis (Raf.) Merr. Climber
B5 Piper hymenophyllum Miq. Climber
B6 Piper betle L. Climber
B7 Hoya lanceolata Wall. ex D.Don Shrub
B9 Rhaphidophora calophylla Schott Climber
B11 Rhaphidophora Hassk.
B12 Aeschynanthus Jack
B17 Ficus rumphii Blume Tree
B18 Hoya verticillata (Vahl) G.Don var. verticillata Climber
B19 Piper peepuloides Roxb. Climber
B21 Heptapleurum Gaertn.

Ficus sarmentosa Buch.-Ham. ex Sm. var.
B22 sarmentosa Climber
B23 Scurrula parasitica L. Shrub
B24 Ficus glaberrima Blume Tree
B25 Agapetes variegata (Roxb.) D.Don ex G.Don Shrub
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Appendix 3. Checklist of orchids recorded.

Orchid Code

Scientific name

Pholidota sp.1

Coelogyne Lindl.

Dendrobium transparens Wall. ex

Lindl.

Dendrobium transparens Wall. ex Lindl.

Vanda

Vanda R.Br.

Dendrobium sp.3

Dendrobium Sw.

Gastrochilus sp.

Gastrochilus D.Don

Dendrobium aphyllum

Dendrobium aphyllum (Roxb.)
C.E.C.Fisch.

Bulbophyllum spl. Bulbophyllum Thouars
Dendrobium sp.4 Dendrobium Sw.
Aerides Aerides Lour.

Dendrobium densiflorum

Dendrobium densiflorum Lindl.

Bulbophyllum sp. 2

Bulbophyllum Thouars

Aerides sp.2

Aerides Lour.

Pholidota sp.2

Coelogyne Lindl.

Cymbidium aloifolium (L.) Sw.

Cymbidium aloifolium (L.) Sw.

Papilionanthe teres

Papilionanthe teres (Roxb.) Schitr.
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Appendix 4. Checklist of ferns recorded.

Fern code | Accepted name

Al Microsorum Link

A2 Huperzia squarrosa (G.Forst.) Trevis.

A3 Lepisorus carnosus (Hook.) C.F.Zhao, R.Wei & X.C.Zhang
A4 Pyrrosia flocculosa (D.Don) Ching

A6 Selaginella willdenowii (Desv.) Baker

Al2 Davallodes hymenophylloides (Blume) M.Kato & Tsutsumi
A20 Pyrrosia Mirb.

A24 Pyrrosia porosa (C.Presl) Hovenkamp

Al6 Lepisorus (J.Sm.) Ching
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