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Summary 

 

Almost a third of the world’s population lives in dry tropical forest and savanna ecosystems 

and there is high human dependency for resources from these ecosystems, such as food, 

fuelwood, non-timber forest products and livestock grazing. Dry tropical ecosystems are being 

lost or degraded at an alarming rate due to changes in land use and climate. These dry tropical 

ecosystems cover a significant portion of the country of India and provide significant services 

to the human populations. Despite their ecological and socio-economic significances, dry 

tropical ecosystems are underrepresented in protected areas and receive less research focus than 

other ecosystem types. In the Eastern Ghats of India, woody plants in dry ecosystems are 

important for livestock grazing and fuelwood extraction, however the anthropogenic activities 

of burning to provide a flush of palatable grasses for grazing animals and harvesting of branches 

and stems for fuelwood and other purposes might threaten the long-term sustainability of these 

resources. My thesis examines the effect of harvesting and burning on woody plant community 

composition and population dynamics.  

This dissertation is structured into five chapters to address this general theme. Chapter 1 

broadly introduces the topics of forest community composition and structure and how 

anthropogenic activities alter this composition and structure. I present background on the 

context of the Eastern Ghats and the current state of our knowledge on the effects of fire and 

harvesting on woody plant composition and population dynamics. I set up the knowledge gaps 

that motivated the dissertation research.  

Chapters 2-4 present my original research, and are stand-alone studies that have been 

published or submitted for publication in peer-reviewed scientific journals. In Chapter 2, I 

analyzed plots in the Eswaramala Reserve Forest to compare areas affected by recent fire with 

those not affected by recent fire. My results showed that burned areas experience an increase in 

stem density, but a decrease in species richness as fire-resistant and tolerant species became 

more dominant in the community. These species possess traits such as thick bark and clonal 

sprouting. Moreover, the presence of fire caused a shift in the size structure, favoring smaller, 

resprouting individuals. 

In Chapter 3, I examined the vital rates and population growth rates of three dry tropical tree 

species under different conditions of harvesting. Using integral projection models, I found 

variations in demographic rates among the species. Harvesting led to reduced growth rates in 

two of the species. One species that was subjected to both branch and main stem harvesting 

experienced a significant decline in population growth rate. Analysis through life table response 
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experiments indicated that this decline was primarily attributed to harvested individuals having 

to regrow from their base. Seed recruitment was limited for all species, possibly due to the 

presence of additional threats like fire. 

In Chapter 4, I sampled more than 600 individual trees and compared the composition and 

structure of wooded savanna and open savanna habitats. Results showed significant differences 

in tree composition due to species turnover, likely influenced by soil, land use history, and 

current practices. Important tree species varied between the habitats. Both habitats had a right-

skewed size distribution, likely attributed to different anthropogenic factors: fire in wooded 

savannas and grazing/harvesting in open savannas. 

In Chapter 5, I discuss the overall findings of the dissertation, its limitations, and its utility 

to contribute to conservation. My research provides new knowledge on the effect of 

anthropogenic factors on community composition and demography in the Eastern Ghats and 

provides a baseline for future research in this understudied region.  

 

Keywords: fire; harvesting; species composition; species diversity; size structure; 

demography; population growth rate; dry forest; savanna; Eastern Ghats; Deccan Plateau 
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Zusammenfassung 

 

Fast ein Drittel der Weltbevölkerung lebt in trockenen tropischen Wald- und 

Savannenökosystemen, und der Mensch ist in hohem Maße von den Ressourcen dieser 

Ökosysteme abhängig, z. B. von Nahrungsmitteln, Brennholz, Nichtholzprodukten aus dem 

Wald und Viehweiden. Trockene tropische Ökosysteme gehen aufgrund von Veränderungen 

der Landnutzung und des Klimas in alarmierendem Tempo verloren oder werden degradiert. 

Diese trockenen tropischen Ökosysteme bedecken einen großen Teil des indischen 

Staatsgebiets und erbringen bedeutende Leistungen für die menschliche Bevölkerung. Trotz 

ihrer ökologischen und sozioökonomischen Bedeutung sind die trockenen tropischen 

Ökosysteme in Schutzgebieten unterrepräsentiert und werden weniger erforscht als andere 

Ökosystemtypen. In den östlichen Ghats Indiens sind Gehölze in trockenen Ökosystemen 

wichtig für die Weidehaltung des Viehs und die Gewinnung von Brennholz. Die anthropogenen 

Aktivitäten des Abbrennens, um die Weidetiere mit schmackhaften Gräsern zu versorgen, und 

des Erntens von Ästen und Stämmen für Brennholz und andere Zwecke könnten jedoch die 

langfristige Nachhaltigkeit dieser Ressourcen gefährden. In meiner Dissertation untersuche ich 

die Auswirkungen der Ernte und des Abbrennens auf die Zusammensetzung von 

Gehölzgemeinschaften und die Populationsdynamik.  

Diese Dissertation ist in fünf Kapitel gegliedert, um dieses allgemeine Thema zu behandeln. 

Kapitel 1 gibt eine allgemeine Einführung in die Zusammensetzung und Struktur von 

Waldgemeinschaften und in die Frage, wie anthropogene Aktivitäten diese Zusammensetzung 

und Struktur verändern. Ich präsentiere Hintergrundinformationen über den Kontext der Eastern 

Ghats und den aktuellen Stand unseres Wissens über die Auswirkungen von Feuer und 

Holzernte auf die Zusammensetzung von Gehölzbeständen und die Populationsdynamik. Ich 

zeige die Wissenslücken auf, die mich zu meiner Dissertation motiviert haben.  

Die Kapitel 2 bis 4 stellen meine ursprüngliche Forschung dar und sind eigenständige 

Studien, die in wissenschaftlichen Fachzeitschriften mit Peer-Review veröffentlicht oder zur 

Veröffentlichung eingereicht wurden. In Kapitel 2 analysierte ich Parzellen im Eswaramala 

Reserve Forest, um Gebiete, die in letzter Zeit von Bränden betroffen waren, mit solchen zu 

vergleichen, die nicht von Bränden betroffen waren. Meine Ergebnisse zeigten, dass in den 

verbrannten Gebieten die Stammdichte zunahm, der Artenreichtum jedoch abnahm, da 

feuerresistente und -tolerante Arten in der Gemeinschaft dominierten. Diese Arten weisen 

Merkmale wie dicke Rinde und klonale Vermehrung auf. Darüber hinaus führte die 
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Anwesenheit von Feuer zu einer Verschiebung in der Größenstruktur zugunsten kleinerer, 

wieder austreibender Individuen. 

In Kapitel 3 untersuchte ich die Vitalitäts- und Populationswachstumsraten von drei 

trockenen tropischen Baumarten unter verschiedenen Erntebedingungen. Mithilfe von 

integralen Projektionsmodellen fand ich Unterschiede in den demografischen Raten der 

einzelnen Arten. Bei zwei der Arten führte die Ernte zu reduzierten Wachstumsraten. Bei einer 

Art, bei der sowohl die Äste als auch der Hauptstamm geerntet wurden, kam es zu einem 

erheblichen Rückgang der Wachstumsrate der Population. Eine Analyse anhand von 

Experimenten zur Lebenszyklusanalyse ergab, dass dieser Rückgang in erster Linie darauf 

zurückzuführen ist, dass die geernteten Individuen von ihrer Basis aus nachwachsen müssen. 

Die Samenrekrutierung war bei allen Arten begrenzt, was möglicherweise auf das 

Vorhandensein zusätzlicher Bedrohungen wie Feuer zurückzuführen ist. 

In Kapitel 4 habe ich mehr als 600 Einzelbäume beprobt und die Zusammensetzung und 

Struktur von bewaldeten Savannen und offenen Savannenlebensräumen verglichen. Die 

Ergebnisse zeigten signifikante Unterschiede in der Baumzusammensetzung aufgrund des 

Artenwechsels, der wahrscheinlich durch den Boden, die historische Landnutzung und aktuelle 

Praktiken beeinflusst wird. Wichtige Baumarten variierten zwischen den beiden Lebensräumen. 

Beide Lebensräume wiesen eine rechtsschiefe Größenverteilung auf, die wahrscheinlich auf 

unterschiedliche anthropogene Faktoren zurückzuführen ist: Feuer in bewaldeten Savannen und 

Beweidung/Ernte in offenen Savannen. 

In Kapitel 5 erörtere ich die Gesamtergebnisse der Dissertation, ihre Grenzen und ihren 

Nutzen für den Naturschutz. Meine Forschungsarbeit liefert neue Erkenntnisse über die 

Auswirkungen anthropogener Faktoren auf die Zusammensetzung und Demografie von 

Lebensgemeinschaften in den Eastern Ghats und bildet eine Grundlage für künftige 

Forschungen in dieser wenig erforschten Region.  

Schlüsselwörter: Feuer; Holzeinschlag; Artenzusammensetzung; Artenvielfalt; 

Demographie; Bevölkerungswachstumsrate; Trockenwald; Savanne; Eastern Ghats; Deccan 

Plateau
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Chapter 1 

General Introduction 

 

1.1 Human land use and forest structure and dynamics  

 

Forests account for approximately 30% of the total Earth’s terrestrial area (FAO 2020). 

Forests are an important component of terrestrial ecosystems, as they harbor much of the 

biodiversity of the world and provide many valuable goods and ecosystems services such as 

timber, fodder and non-timber forest products (IPCC 2020). Forests also provide important 

ecosystem functions such as heat and water balance regulation on a local level and carbon 

sequestration that mitigates global climate change (IPCC 2020).  

 

Due to the growing demand of land and resources, forests are threatened directly by human 

activities, such as land use change and indirectly through climate change. Land use change by 

humans has affected about two thirds of the total global terrestrial area (Winkler 2021). Land 

use change affects forest ecosystems via habitat loss, modification, fragmentation, degradation 

of soil and water resources, extinction of native species, and introduction of exotic species 

(Vitousek 1994, Foley et al. 2005). Climate and land use change are interrelated problems, as 

deforestation is a primary contributor to climate change (Bennett et al. 2017). At local scales, 

human activities such as logging and fire can alter the microclimate by increasing surface 

warming and decreasing precipitation (Laurance 2004, Blonder et al. 2018).  

 

Deforestation and agricultural expansion in the global south are the main causes of land use 

change (Lambin and Meyfroidt  2011, Winkler 2021). The nature of land use change varies 

geographically and are influenced by socioeconomic attributes. As human and livestock 

populations grow, future land use has even more potential to threaten biodiversity. Finding 

sustainable human land use options are therefore necessary to maintain species diversity, 

abundances and habitat structure thus ensuring ecosystem services (Godfray et al 2010, Martin 

et al. 2020).  

 

1.2 Forest structure and dynamics 
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The structure of a forest ecosystem is described by the relative abundances of and diversity 

of woody species, and the size structure of woody stems. Disturbance is an important factor 

shaping woody plant community structure (Caswell and Cohen 1991, Bond and Midgley 2003, 

Kumi et al. 2021). Successional dynamics occur over a long time period, with pioneer species 

and small stems that are present immediately after disturbance being gradually replaced by 

shade-tolerant species and larger canopy trees. The dynamics of woody plant communities are 

governed by the survival, growth and reproduction of individuals in different environments 

(Easterling et al. 2000, Svenning et al. 2004). Structured population models can project the 

dynamics of each species under different environmental conditions. These models are 

particularly useful for forest species, as dynamics are difficult to observe due to the long time 

period over which they are realized (Barlow et al. 2016, Needham et al. 2018).  

 

Community studies in different environmental contexts provide information on the effects 

of environmental factors on the composition of species and the size structure of the woody 

stems.  

For example, analyses of community composition indicate whether species in one 

environmental context are a nested subset of the species present in another, or rather if different 

species occur in the different environments, potentially indicating different environmental 

preferences (Baeten et al. 2012, da Silva et al. 2018). Combining information on species 

composition with information about functional traits can help explain why species these 

environmental preferences (Wright and Reeves 1992, Carvalho et al. 2012). Size structure of 

woody stems provides hints to population dynamics (Crawley 1990). For example, populations 

composed of all large stems might indicate low recruitment rates and a path towards extinction. 

 

The persistence of a species in a given location depends on its demography, and current 

presence of a species does not ensure long-term persistence (Hoffmann 1999, Bertuzzo et al. 

2011, Hilde et al. 2020). Structure population models allow the projection of future populations 

in each environmental context based on current demographic vital rates (Easterling et al. 2000). 

For example, if trees are subjected to harvesting, the structured population model can be used 

to project future population size if the conditions and pattern of human use remain (Mandle and 

Ticktin 2012, Grogan et al. 2014). Understanding human land use on forests is best achieved 

by considering community patterns, functional traits and population demography.  
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1.3. Tropical dry forests  

Dry forests account for almost half of the world’s tropical forests (Murphy and Lugo 1986, 

Sunderland et al. 2015). These forests occur globally in Central and South America, Africa, 

South East Asia, India and Australia, and occur in the same climate as savannas (Pennington et 

al 2004). Tropical dry forests constitute about 17% of the global forests and support a large 

population of forest dependent people (Miles et al. 2006). They are comprised of woody plants 

that grow in a pronounced rainfall seasonality, and have an understory of C3 and/or C4 grasses. 

The favorable growing period in this forest is narrow rainy season (Pennington et al. 2018), and 

increasing length of the dry period can limit regeneration.  

 

The dry tropics are home to one third of the global human population (Murphy and Lugo 

1986, Pennington et al. 2018), and are thus threatened by human activities more than moist 

forests. Local human activities include land use conversion (e.g., agricultural expansion, 

pastures), commercial logging, resource extraction such as wood products and non-wood forest 

products, introduction of exotic species, and alteration of disturbance regimes (Siyum et al. 

2020). Dry tropical forests are also threatened by global climate change, which is projected to 

increase the length of the dry season in many regions (Allen et al. 2017).  

 

Compared to tropical rainforests, dry tropical forests have received less research attention, 

and thus there is less known about how human activities influence the structure, composition 

and dynamics of the dry tropical forests (Ticktin 2005, Sunderland et al. 2015, Pennington et 

al. 2021). A long history of human habitation in dry forests suggest that humans might 

sustainably use the forest resources that are currently present and have persisted (Setty et al. 

2008, Hernández‐Barrios et al. 2015).  

 

Proper management of dry tropical biomes requires properly characterizing the ecosystem 

and understanding of the factors that are important to maintaining these ecosystems. 

Environmental factors such as soil properties, temperature, precipitation, fire and herbivory 

distinguish dry tropical forests from savanna ecosystems (Pennington et al. 2018). This is 

important in India, where recent literature suggests that the dry forests are actually savannas 

(Ratnam et al. 2016, Nerlekar et al. 2021, Stevens et al. 2022) due to the presence of continuous 

grassy layer in the understory. Devaluing grassy ecosystems is common worldwide and in India, 

and can lead to improper management (Parr et al. 2014, Silveria et al. 2020).  
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1.4 Eastern Ghats  

The Eastern Ghats are discontinuous hill ranges in the East coast of India. This region is 

composed of dry evergreen, dry mixed deciduous, dry savanna, scrub and thorn forests 

(Champion and Seth 1968, Mani 1974, Reddy and Parthasarathy 2008). The majority of the 

forests in Eastern Ghats are composed of dry deciduous, savanna, scrub and thorn vegetation 

(Mani 1974, Reddy and Parthasarathy 2008). The Eastern Ghats and Deccan Plateau act as 

monsoon break of North East and South West monsoons (Rao 1976, Ponton et al. 2012). Due 

to the poor soil conditions, dryland farming is possible only with a few crop species, such as 

peanuts and millets (Singh 2013). The Eastern Ghats has a high population of economically 

disadvantaged tribal communities that depend on the forests for livelihood. Hence, conservation 

actions/efforts must consider humans as an integral part of the system (Rawat 1997, Reddy et 

al. 2004, Yadama et al. 2010). The Eastern Ghats have had loss of forest cover, with 

approximately 16% of forest cover lost across a span of 100 years (Ramachandran et al. 2015). 

Often, this is due to forests being converted to agricultural and fallow lands. The remaining 

forest is now quite fragmented (Ramachandran et al. 2015).  

 

Documenting how environmental and anthropogenic factors influence forest composition in 

the Eastern Ghats is important because shifts in species composition would affect the ecosystem 

services that they provide, including provisioning services such as fuelwood, fodder and 

NTFPs, and regulating services such as soil protection (Rawat 1997, Aditya and Ganesh 2019). 

The colonial timber centric view of the forests has led to large scale felling of native and 

endemic species, which have been replaced by plantations of exotic species (e.g., Eucalyptus 

spp. in Chittoor district, Simon et al. 2019). The Eastern Ghats and Deccan Plateau is currently 

a patchwork of forests and interspersed with village commons, agricultural lands, grazing lands 

and rural settlements (FES 2003, FES 2011). Although Eastern Ghats and Deccan Plateau 

harbour many endemic species, they are currently absent in the conservation discourse in India 

(Reddy et al. 2008, Nerlerkar et al. 2021). The grasslands in the Eastern Ghats are often referred 

to as degraded and are marked as areas for potential afforestation. The degree to which such 

afforestation would benefit or harm the endemic flora and fauna in landscape is unknown.  

 

People in the Eastern Ghats depend on forests for fuelwood, non-timber forest products and 

livestock grazing (Schmerbeck 2011, Shackleton and Pandey 2014). In addition, small timber 

harvested from the forests are used to make agricultural implements, fences and thatches (Adolf 

et al. 2001). Non-timber forest products include fruits, gum, resin and tanning material (Reddy 
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et al. 2016). Harvesting branches of trees for fuelwood was a common activity until recently. 

Conservation efforts that increase household assets (gas stoves, houses) decreased the collection 

of branches for fuelwood in dry tropical forests of Central India (Agarwala et al. 2016, Ruth de 

Fries et al. 2022). People also cut branches of trees to provide fodder for livestock, and 

populations of livestock have increased through time (FES 2011).  

 

While the above activities might threaten the forest species, especially as human populations 

grow, the larger threats to these forests come from more commercial activities that local people 

do not profit from. These include commercial logging activities, forest clearing for solar/wind 

power plants, and conversion of forests to agricultural lands or plantations (Ramesh and 

Kalpana 2015). More recently there has been large-scale harvesting and collection of woody 

species for brickmaking (FES 2011).  

 

In order to understand the structure and dynamics of woody plant communities in the Eastern 

Ghats and Deccan Plateau, three primary factors are important: (1) the role of fire, (2) the effect 

of harvesting for local uses, and (3) the potential for open savanna or grasslands to support 

unique species. I will discuss each of these in turn. 

 

Fire: Forest fires in this region are anthropogenic in nature, set mainly to promote new flush 

of grasses for grazers, or to clear land for agricultural fields (FES 2011, Reddy et al. 2012). Due 

to the increasing livestock populations, extended dry seasons and low availability of woody 

fodder, the number of fires set per year are increasing at a subcontinent scale (Kondandapani et 

al. 2004, Kale et al. 2017). Sometimes multiple fires occur in a single year at a location (Reddy 

et al. 201). Once set, these fires follow a mosaic like pattern of spread depending on the weather 

conditions on that day and the grass cover in the understory. Fires are expected to increase in 

the Deccan Peninsula (Kale et al. 2017). Change in climate and El Niño have increased the 

dryness in the subcontinent, exacerbating the intensity and extent of anthropogenic fires (Jolly 

et al. 2015).  

  

Fires are known to have many effects on woody plant communities in other regions of the 

world, including tropical dry forests in the Western Ghats (Mondal and Sukumar 2015, Verma 

et al. 2017) and Central India (Saha and Howe 2003). Specifically, increases in the intensity 

and/or frequency of fires from historic rates typically favors one or only a few species, 

decreasing the evenness of the community (Tubbessing et al. 2020). The effects of grass 
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presence, fire and browsing are interactive and are often difficult to disentangle in many 

systems. For example, the presence of fire-tolerant grasses provides fuel for fire. In the Eastern 

Ghats, the dominant grass is native species in the genus Cymbopogon (Elangovan et al. 2012). 

These grasses can resprout and grow rapidly post fire (Sankaran 2005). It is a tall native grass 

and when areas are not burned for long periods, there is high grass biomass and fuel load causing 

larger fires. Fire has been used a management tool in the Eastern Ghats historically (Thekaekara 

et al. 2017). 

 

Repeated fires can cause strong environmental filtering for species with certain functional 

traits (Bond and Midgley 2001). Species with functional traits such as thick bark and multiple 

strategies of resprouting via below ground bud banks are known to be adapted to fire (Khan and 

Tripathi 1989, Saha and Howe 2003). Fires can also create conditions that allow fire tolerant 

and/or disturbance tolerant exotic species to invade and spread. In the Eastern Ghats and Deccan 

Plateau, exotic woody plants include Prosophis juliflora and Lantana camara.  

 

Harvesting: In the Eastern Ghats, woody plants are harvested for fuelwood, making 

agricultural implements, non-timber forest products (Jegenathan et al 2008, Naidu et al. 2019). 

Studies on harvesting in other regions show that the sustainability of harvesting depends on the 

part of the plant harvested and the intensity of the harvesting (Ticktin 2005). Harvesting is 

known to affect physiological processes, vital rates, population growth rates, and alter 

community and ecosystem patterns and processes (Ticktin and Shackleton 2011, Gaoue et al. 

2013).  

 

In the Eastern Ghats, the introduction of government programs that provide household fuels 

and brick/cement for the building of homes has caused harvesting of woody species to shift 

from fuelwood and building materials to fodder and small timber use (Mundoli 2011). It is 

important to understand the current levels of harvesting and if these levels are sustainable for 

the woody plant populations. Some species in the Eastern Ghats are reported to have declined 

overtime, and this might be due to harvesting pressure. These include Hardwickia binata, 

Anogesiuss latifolia, Chloroxylon swietenia, and Albizia amara (FES 2011).  

 

Grasslands:  Studies have reported that grasslands in the Eastern Ghats are ancient and are 

maintained by climate rather than new and the result of deforestation (Riedel et al. 2021). 

Globally, grasslands and savanna ecosystems are threatened by afforestation schemes aimed to 



Chapter 1 

15 

improve their carbon services (Veldman et al. 2019, Madhusudan and Vanak 2021). Other 

compounding threats includes expansion of agriculture and conversion to renewable energy 

projects (Ramachandran et al. 2020). While the composition of woody species in the Eastern 

Ghats is known to depend on the bioclimatic and topographic variables (Jayakumar et al. 2002, 

Reddy et al. 2011), it is currently not known if the woody species present in the grasslands are 

a nested subset of the woody plants found in forests or a unique assemblage of species.  

 

1.5 Thesis scope and chapter outline 

Several studies have been conducted on the effects of human activities on forests, but little 

is known about the effects of human activities on the population dynamics and community 

structures of forests in Eastern Ghats. This is evident not only from a literature search, but also 

from an absence of demographic life history information of plants from this region in global 

databases such as COMPADRE (Salguero-Gomez et al. 2015), from the lack of vegetative plot 

data from this region in sPLOT (Sabatini et al. 2021), and from the absence of long-term 

monitoring plots in ForestGEO (Davies et al. 2021). The Eastern Ghats and Deccan Plateau 

have unique species and threats and high socioeconomic importance to the surrounding rural 

communities. These knowledge gaps motivated my doctoral research. In all chapters, I worked 

in the Sadhukonda Reserve Forest and Eswaramala Reserve Forest, located in the South-Central 

Eastern Ghats at the intersection of Eastern Ghats and Deccan Plateau.  

 

In Chapter 2, I asked how recent fire influences the woody community composition and size 

structure in tropical dry forest in the Eastern Ghats. I hypothesized that fire presence would shift 

composition towards more fire tolerant species with functional traits such as those with 

resprouting ability and thick bark. I hypothesized that large trees that could survive fires and 

that these large individuals combined with small resprouting individuals would become 

dominant size classes. My collaborators and I sampled plots with and without evidence of recent 

fire and recorded the identity and size of woody plant species. Chapter 2 is published in Ecology 

and Evolution. 

 

In Chapter 3, I asked how the current levels of harvesting influence the demography and 

population dynamics of the woody species? I hypothesized that higher harvesting rate and 

particularly harvesting at the main stem would decrease demographic vital rates and population 

growth rate. My collaborators collected demographic data of woody stems consisting of 

seedlings, saplings, adult trees and resprouting individuals for three dry forest tree species. We 
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measured the tagged individuals across a 7-year study period, and recorded the presence and 

absence of harvesting. Chapter 3 is published in Biotropica. 

 

In Chapter 4, I asked how woody plant composition differed between forest (wooded 

savanna) and grasslands (open savanna) sites and whether differences were due to nestedness 

or turnover of species?  I hypothesize that the two habitats have an overall compositional 

dissimilarity. I hypothesize that this is due to woody species turnover between the two habitat 

types. My collaborators and I sampled plots within the reserve forest and grasslands and 

recorded the identity and sizes of woody plant species.  

 

In Chapter 5, I synthesize the key findings in the dissertation. I discuss (1) summary of results 

(2) the relevance and potential application of my results to the conservation of woody plants in 

the Eastern Ghats and Deccan Plateau, (3) the limitations of my approach and specific needs 

for future experimental studies and long-term monitoring studies. 
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Chapter 2 

 

 

Fire alters diversity, composition, and structure of dry tropical 

forests in the Eastern Ghats. 

 

 

 

This chapter has been published in Ecology and Evolution as 

Neeraja, U.V., Rajendrakumar, S., Saneesh, C.S., Dyda, V. and Knight, T.M., 2021. Fire 
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Abstract 

 

Vegetation surveys of forest ecosystems and information about the size distribution of trees 

provides valuable information about how tree community composition changes across habitat 

types and about the status of the regeneration processes. Here, we sample the species identity 

and size of 666 individual trees across two broad habitat types, wooded savanna and open 

savanna, in the Eastern Ghats. We found that tree community composition differed 

significantly between open savanna and wooded savanna, and that this was primarily due to 

species turnover between the habitat types. This turnover is likely due to edaphic differences 

as well as differences in past and current land use between the habitat types. The importance 

value indices, which identify the species that are most significance to community structure, 

show that different tree species are important to structure across the habitat types. The size 

structure of trees shows a similar right-skewed pattern in both habitat types, but this is likely 

due to different types and intensities of anthropogenic disturbances. Fires are more common 

in the wooded savanna habitat whereas grazing and harvesting are more common in the open 

savannas. Our study has important implications for future management, in particular for open 

savanna habitats, which harbor unique species and ecosystem services but tend to be 

undervalued and under-protected. 
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Introduction 

 

 
Trees and other woody plants generate critical ecosystem services for humanity, including a 

wide variety of regulating (e.g., carbon sequestration), supporting (e.g., providing habitat for 

most of the world’s biodiversity), provisioning (fuelwood, construction wood, and non-timber 

forest products) and cultural services (Shackleton et al. 2011, Reed et al. 2017, Gibson et al. 

2017, Diaz et al. 2018, Enquist et al. 2020). There are an estimated 73000 tree species on 

Earth (Cazzolla Gatti et al. 2022), and vegetative surveys and inventory are critical to 

understanding the distributions and habitat associations of these species. Tree species occur in 

a variety of habitats, including reserve forests, as well as rural landscapes that are managed by 

local people, termed as common lands (Chazdon 2009). Vegetative surveys that encompass 

many habitat types combined with analysis tools examining tree composition changes can 

assess whether the tree species that are present in non-forest habitat types are a nested subset 

of the species in forests or if instead there is species turnover between forests and other 

habitat types (Baselga 2010). It is useful to understand composition changes across land use 

and habitat gradients, as this informs whether restoration activities aimed at afforestation 

could actually result in homogenization and be harmful for biodiversity (Veldman et al. 

2019).  

 

Data on the size structure of tree populations can inform about the status of regeneration 

processes in different habitat types (Goff and West 1975, Zenner 2005, Maua et al. 2020) and 

on the value of the population (biological and economical; Bailey and Dell 1973). In natural 

habitats with limited human disturbances, continuous regeneration should take place. This 

regeneration, combined with mortality rates that are either much higher for smaller 

individuals or U-shaped (i.e., higher mortality at both ends of the diameter distribution) 

should lead to stem size distributions that have either a negative exponential (reverse J-shape) 

or sigmoid shape (Rubin et al., 2006, Lines et al., 2010, Alessandrini et al. 2011). Human 

disturbances that reduce recruitment rates or alter mortality should lead to more even stem 

size distributions (Baker et al., 2005, Coomes and Allen, 2007).  

 

The country of India is home to 2603 tree species, 650 of which are endemic (BGCI 2021). 

India has a wide diversity of habitats that support its unique floristic diversity. Semi-arid 

zones in India occupy 34% of its land area (Ramarao et al. 2018) and contain a mosaic of dry 

forests, grasslands and agricultural lands with different intensities of use and edaphic 



Chapter 4 

48 

characteristics. Common lands that are open grassy systems are often considered to be 

wastelands and are undervalued and unrecognized (Kumar et al. 2020, Ratnam et al. 2016, 

Ratnam et al. 2019). Despite their importance to rural households, these lands are not granted 

legal status, and are therefore vulnerable to habitat conversion (e.g., plantations, Parr et al. 

2011, Murphy et al. 2016). One of the most important interventions of the government 

towards strengthening rural livelihoods was the NREGA 2005 program (NREGA 2010), 

which initiated tree planting to restore wastelands to diversify income streams and improve 

access to fuelwood, fodder and non-timber forest products. Species such as Pongamia pinnata 

(fuelwood and seeds) and Azadirachta indica (seeds, fodder) were widely planted.  

 

Colonial forestry legacy in India has traditionally classified the Eastern Ghats and Deccan 

Plateau as either Tropical Dry deciduous forests or wastelands (Wasteland Atlas of India 

2018, 2019). However, recent research disputes the notion of wastelands and classifies the 

entire area as a tropical grassy biome (Nerlekar et al. 2022, Madhusudan and Vanak 2019, 

Kumar et al. 2020, Ratnam et al. 2016, Ratnam et al. 2019). Studies on the composition of 

woody plants across more open (open savanna) vs. more closed (wooded savanna) habitats 

within the tropical grassy biome of the Eastern Ghats provide insights into the possible 

processes (edaphic vs. land use) that might shape tree distributions and the policies that might 

be necessary to conserve tree biodiversity in this region.  

 

Here, we examine the composition and size distribution of trees across two broad habitat 

types, wooded savanna and open savanna, in the semi-arid region of the Eastern Ghats. We 

specifically ask the following questions: (1) Does tree community composition differ between 

open savanna and wooded savanna, and if so, how much of this is due to nestedness (open 

savanna having a nested subset of the species in wooded savanna) vs. turnover (open savanna 

and wooded savanna harboring differ tree species)? (2) What is the distribution of size classes 

for tree species located in each habitat type? 

 

Methods 

 

Study area 

Our study area, lies in the intersection of Eastern Ghats and Deccan Plateau within the 

Anantapur District, Andhra Pradesh (Figure 1). The Anantapur district is the second driest 

region in India (Rao et al. 2013), and our study area lies between 13°56’20” and 14°7’20” 

North and 78°19’30” and 78°27’20” East. The climate is tropical arid, with a mean annual 
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temperature of 33.7°C and a mean annual rainfall of 553 mm (FES 2011). It falls under the 

dry rain shadow area of the southern Deccan plateau. The rainfall is unevenly distributed in 

time, with long periods of drought being common.  

 

We study two habitat types within our study area: open savanna (Figure 2A) and wooded 

savanna (Figure 2B). These habitats are a mixed tree-C4 grass system with varying densities 

of woody cover. The wooded savanna habitat is located within Eswaramala Reserve Forest 

(ERF). In both habitat types, there are different soil types (rock outcrop, shallow depth and 

moderate depth) and soil textures (rocklands, fine loamy and loamy skeletal) present 

(Pasupuleti et al. 2019). The classification of the ERF as a forest reserve in the 1900s was 

likely because there were edaphic differences between this area and the surrounding 

landscape that allowed the ERF to have higher tree cover. Lands categorized as reserve forests 

in colonial India were those that were viewed valuable for timber, (e.g., areas with high tree 

cover). 

 

In addition, due to the different levels of protection, the ERF and the surrounding landscape 

have experienced different types and intensities of human use for more than 100 years. The 

ERF is actively used by local people for timber and non-timber forest products and grazing by 

sheep and goats (FES 2011; Rajendrakumar 2014; FES social survey 2018), and is burned 

often to promote new flush of grasses for grazing livestock during the dry season (Neeraja et 

al. 2021). Open savanna in our study surround the ERF and are used as common lands for 

grazing and harvesting. These consist of small hillocks with grasses and scattered trees. There 

are regulations for cutting and grazing in the ERF. Therefore, grazing and harvesting are more 

common and higher in the open savanna habitats, whereas fires are more common in wooded 

savanna. Developmental activities such as water and soil conservation measures such as pits, 

bunds and contour trenches can be carried out in the open savanna without regulations 

whereas these activities are restricted in reserve forests (wooded savanna). Activities such as 
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quarrying, logging and mining are prohibited in reserve forests. 

 

Figure 1: Map showing the study location. Inset map shows this study area within the context 

of the country (India). Our sampling sites (points) are within and outside the Eswaramala 

Reserve Forest (boundary). Sampling sites are color-coded based on the habitat. Orange 

points represent sampling sites in open savanna and green point represents sampling sites in 

wooded savanna (within Eswaramala reserve forest). 
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Figure 2A: Photos of sampling sites in the open savanna habitat. 

 

 

  

   

Figure 2B: Photos of sampling sites in the wooded savanna habitat (within the Eswaramala 

reserve forest) 
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Data collection 

Eighteen sampling sites were chosen, nine within the ERF (wooded savanna) and nine that are 

part of the revenue department and gram panchayat (village council) and hence are partially 

protected by the local community and by the state forest department (open savanna). We 

randomly chose the locations for our sampling sites in these areas based on the criterion that 

sites must be separated from each other by a minimum distance of 1000m. This led to the 

possibility of 30 sampling locations. Our final selection of the 18 sites from these randomly 

chosen locations involved practical considerations for field sampling (e.g., we preferentially 

chose sites near locations that were being sampled by NGOs at the same time for logistical 

ease and field safety). Within each sampling site, we sampled three circular plots with a 10 m 

radius that were separated from each other by a distance of 100m. Plots within site were 

pooled for analysis.  

Our study focused on sampling tree species, which are defined as woody plant species 

that are capable of a height of at least two meters (for single stemmed woody plants) or 

capable of having at least one of the stems with a girth of more than five centimeters (for 

multi-stemmed woody plants) (Beech et al. 2017). In 2018, all individual trees in each plot 

were identified and counted, including young stage classes, such as saplings and small re-

sprouting individuals. All the individuals were identified using the guide to the regional flora 

viz. Flora of Andhra Pradesh vol I, II and III (Pullaiah and Chennaiah 1997; Pullaiah and Ali 

Mouali 1997; Pullaiah 1997). We measured girth GBH (or collar girth when GBH was not 

possible) of all stems in both habitat types.  

 

Data analysis 

1. Composition of trees across habitat types 

 

We compute Importance value indices (IVI) for all tree species for each habitat to determine 

their ecological significance in the community structure (Curtis and McIntosh 1950) using the 

function importance value from biodiversity R package in R (Kindt et al. 2007). IVI is 

calculated as the sum of relative density (abundance), relative dominance (basal area) and 

relative frequency (number of plots they occur in). IVI values range between 0 and 300. To 

test for differences in species composition across habitat types we used two approaches. First, 

we used Permutational Multivariate Analysis of Variance (PERMANOVA) Using Distance 

Matrices to test whether habitat types differed in their community composition (Bray Curtis), 

using the function adonis from vegan package in R (Oksanen et al. 2015). We used Non-

metric Multidimensional Scaling (NMDS) to visualize dissimilarity (Bray Curtis) in plant 
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composition across sites in the two using the metaMDS function in vegan (Oksanen et al. 

2015) and the ggplot2 package for graphical representation. Next, we used the 

beta.pair.abund function of the package betapart to partition beta diversity into components 

of turnover and nestedness (Baselga and Orme, 2012) within and among habitats. In this 

approach, the Bray-Curtis total dissimilarity between samples (βBC) is partitioned into a 

component of a) Balanced variation (βBal) which quantifies when species composition 

changes across habitat types through species replacement (i.e., turnover) and b) Abundance 

gradient (βGra) which quantifies when individuals are lost from one habitat type to the other 

but without species loss or when species disappear from one habitat type (i.e., nestedness). 

We used PERMANOVA to test for differences in turnover and nestedness between habitats 

using R function adonis from vegan package. 

 

2. Size distribution of trees across habitat types 

 

We model the size distribution of the tree species in both habitat types. We modeled size 

distribution using Weibull’s distribution. The parameters of Weibull distributions were 

determined using maximum likelihood estimation using the function fitdist from fitdistrplus 

package in R. The shape parameter of the Weibull parameter is used to interpret the 

distribution of tree sizes. A shape parameter or gamma <1 indicates a negative exponential 

reverse j shaped distribution, gamma of >1 and < 3.6 indicates right skewed distribution and 

gamma of <= 3.6 indicates left skewed distribution. (Delignette-muller & Dutang 2015).  

 

All statistical analyses and visualizations were conducted in R programming version 3.6.2 (R 

Core Team 2019). 

 

Results 

 

A total of 25 tree species were recorded in the wooded savanna and 15 tree species in the 

open savanna. Among species found in our study area, Dolichandrone atrovirens, Butea 

monosperma, Gardenia gummifera, Ziziphus mauritiana, Aegle marmelos are endemic to 

peninsular India. The total number of individuals counted and measured were 371 and 295 in 

wooded savanna and open savanna respectively. Importance value index shows that 

Azadirachta indica, Pongamia pinnata and Acacia chundra are the most structurally 

significant species in the open savanna, whereas, Dolichandrone atrovirens, Chloroxylon 
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sweitenia and Hardwickia binata are the most significant species in the wooded savanna 

(Table 1). 

 

 

 

Open savanna 
 

Wooded savanna 
 

Species IVI Species IVI 

Azadirachta indica 96.5633 Dolichandrone atrovirens 52.058 

Pongamia pinnata 58.7731 Chloroxylon sweitenia 26.1311 

Acacia chundra 26.551 Hardwickia binata 25.2549 

Annona squamosa 19.486 Dalbergia paniculata 25.2461 

Holoptelia integrifolia 19.0289 Acacia chundra 20.9663 

 

Table 1. Importance value indices (IVI) shown for the five most structurally significant tree 

species in open savanna and in wooded savanna habitats.  

 

Tree species composition significantly varied between open and wooded savanna (ANOSIM 

p=0.003, Figure 3). 

 



Chapter 4 

55 

 

Figure 3. NMDS visualization of tree species composition (Bray-Curtis) in open savanna and 

wooded savanna habitat types. Points represent a sampling site. 

 

We found a significant turnover in beta-diversity across habitat types (R2 = 0.204; P = 0.002), 

but not significant nestedness (R2 = 0.18; P = 0.28). Hence differences in species composition 

between the two habitats is due to abundance-based species turnover (Figure 4). Within each 

habitat type, turnover across sampling sites also contributes more to beta diversity than 

nestedness (Figure 4). 

 

 



Chapter 4 

56 

 

Figure 4. Bar graph showing nestedness and turnover components of total beta diversity 

across sampling sites within a habitat type (top) and across habitat types (bottom). Y- axis 

represents the contributions to the total beta diversity.  

 

Trees in the open savanna have a higher proportion of individuals in the smaller size classes 

whereas wooded savanna have a higher proportion in the intermediate size classes (Figure 5). 

The Weibull distribution shape parameter estimate was lower than 3.6 in both habitats 

indicating that size distribution of trees is right skewed in both habitats.  
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Figure 5: Size distribution of trees in open savanna and wooded savanna overlaid by Weibull 

density function. Sizes represent girth measured in centimeters.  

 

Discussion 

 

Our results show that tree species composition differs between wooded savanna and open 

savanna habitats, and this is mainly due to species turnover. This turnover of species is likely 

due to edaphic differences (such as soil depth and thickness) and past and current land use 

emerging out of encroachment and subsequent regularization by government. Species that 

preferentially grow on clay soils with moderate depth were found predominately in the 

wooded savanna and species that can grow on rocky soils area (subject to frequent erosion 

resulting in soil erosion/wash-down) were found in the open savanna. Notably, there is little 

overlap in the names of the five most important structurally important species from the 

importance value indicator analysis. In the open savannas, Azadirachta indica and Pongamia 

pinnata were the most structurally important tree species. These two species were widely 

planted in the open savannas after the establishment of the joint forest management 

programme in post-colonial India, which aimed to meet fuelwood and other biomass needs of 
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the local people and reduce their dependency on reserve forests. Azadirachta indica is a useful 

fodder species (including its use as Green Leaf Manure (GLM) that has the ability to grow on 

dry, shallow, poor soils and also has high dispersal and establishment. It is a naturalized 

species originating in dry forests of Myanmar and parts of Siwaliks. Pongamia pinnata was 

planted for biodiesel purposes and cultivated as an avenue plants, and is used locally as a 

fodder species, its leaves are used for mulching and seeds and barks for medicinal uses.  

 

In the wooded savannas, the most structurally important tree species was Dolichandrone 

atrovirens, which grows well on clay loamy soil and is able to resprout profusely following 

fire (Neeraja et al. 2021). Acacia chundra was the only species that was of high importance in 

both habitat types. This species has traits that allow it to persist in the face of disparate 

anthropogenic pressures, such as thick bark that protects individuals from fire in the wooded 

savannas (Neeraja et al. 2021), and heavy wood that makes individuals less preferred for 

harvesting in the open savannas (Neeraja et al. 2022).  

 

There were several tree species that were rarely encountered in our study but are vital for 

livelihoods. These include Wrightia tinctoria and Holoptelia integrifolia in the open savannas, 

which are cultivated for fuelwood and medicinal uses, and Albizia amara in the wooded 

savannas, which is a valuable timber species. Local people report that A. amara was harvested 

in large scale decades ago resulting in their rarity in our current study. 

 

Open savannas have long been considered as degraded wastelands (Wasteland atlas of India 

2019). However, these open savannas have significant value to people, to the rural economy, 

and to biodiversity. Grazing on these open savannas is crucial to the viability of most of the 

small and marginal landholders and most rural livelihoods are directly and indirectly linked to 

livestock. Pastoralism does not involve intensive year-round use of open habitats and hence 

creates space for biodiversity to persist alongside. Community protection by pastoralists of 

common grazing grounds and the biodiversity that resides in them exists in many areas in 

peninsular India (Vanak 2013).  

 

Because the value of open savannas is unrecognized, there are multiple conflicts between the 

forest department, the revenue department and local people. These unprotected lands are often 

targeted for land conversion to solar plants and afforestation projects (Vanak 2013, 

Madhusudan and Vanak 2022). At our study site, two of our open savanna sites were lost after 
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our sampling due to the establishment of a large solar park set up in NP Kunta in 2017 that 

continues to expand leading to the loss of only “spaces of the poor”. Such conversions 

threaten important life support systems for the rural economy that affect agriculture and 

livestock, and threaten fauna such as arthropods and amphibians unique to these habitats 

(Madhusudan and Vanak 2022). The Foundation for Ecological Security, a local conservation 

NGO, works to actively discourage these types of activities. In particular, they have been 

discouraging additional tree planting and working to manage the open savannas in a way that 

encourages the natural regeneration of existing root stock including the naturally occurring 

seedlings and saplings that graduate into Poles and Crowns. 

 

Size structure of tree individuals is similar in both habitat types, and the right skewed pattern 

is characteristic for locations with anthropogenic disturbances that limit regeneration and 

recruitment (Sapkota et al. 2019). While the size structure of the trees in the two habitat types 

is similar, the underlying causes are likely different across habitats and species. The wooded 

savanna is dominated by young resprouting individuals, especially those belonging to 

Dolichandrone atrovirens and Chloroxylon swietenia. Fires are more frequent in this habitat 

and clonal sprouting gives rise to intermediate sized stems that dominate the wooded savanna. 

Although fire is an integral part of the system (Sankaran 2005), with increase in frequency 

and extent of fires, only certain species with fire tolerant traits will be able to persist in the 

future (Neeraja et al. 2021). In the open savanna, disturbances from harvesting are more 

common (e.g., cutting for brickmaking). Individual trees, particularly Pongamia pinnata, that 

were cut at base have resprouted and now make up the small-sized individuals that dominate 

in the open savannas.  

 

While size structure can suggest mechanisms that may limit the survival, growth or 

recruitment of populations, it cannot conclusively assess threats to and future trends of plant 

populations (Virillo et al 2011). It is necessary to follow individuals through time in both 

habitat types in order to quantify demography, and the effects of threats on demographic rates 

over time. Demographic studies require a good sample size of individuals in various size 

classes. Our study is designed to allow for long-term demographic sampling. All individual 

trees in this study were tagged and detailed information about their locations were recorded. 

For ten tree species that occur across both habitat types, we tagged individuals in additional 

plots to enable sufficient sample size for future demographic study.  
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In conclusion, the wooded savanna and open savanna habitats harbor different species that are 

valuable to local communities. Hence, it is important to study and conserve both habitat types 

because of the unique ecosystem services that they provide. Open savannas are currently 

protected by the local communities that use them, but are in immediate need of conservation 

attention and legal protection. Size structures indicate that anthropogenic disturbances might 

threaten the recruitment of trees in both habitat types. Future research that monitors the 

demography of species will provide valuable information that would allow for the sustainable 

management of these ecosystems.  
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Chapter 5 

 

General discussion 

 

Dry tropics are important ecosystems that are threatened by land use change and climate 

change. There are knowledge gaps in understanding the effects of these changes to the long-

term persistence and biodiversity of plants in these ecosystems (reviewed by Powers et al. 

2018). In this thesis, I tackled questions related to human practices of fire and harvesting on 

tree population and community responses. Specifically, I investigated the effect of recent fires 

on diversity, composition and structure of trees in a forest-savanna habitat. I asked how 

current levels of harvesting influence demographic vital rates and population growth of tree 

species. A motivation of my thesis was to focus on the Eastern Ghats, which tends to get less 

research attention compared to other regions in India such as the Western Ghats and 

Himalayans (Panda et al. 2019). The trees communities that are the focus of this research are 

important to livelihoods of local communities in this region, and my aim is to provide 

information that helps us to better understand these ecosystems and promote their sustainable 

management and conservation while also serving the needs of these local communities. In this 

chapter, I summarize the key findings across the different chapters of my thesis, discuss the 

relevance and potential applications of my results for conservation, and give ideas for future 

research.  

5.1 Key findings 

In chapter II, I examined how recent fires influence the diversity, composition and structure of 

woody communities in dry forests (Neeraja et al. 2021). First, I found that fires are increasing 

in frequency in the region of Andhra Pradesh. Just three months after my manuscript was 

published, another paper examined fire frequencies using more coarse grain data for the entire 

country and found that 55% of forests in India (3.73 million ha) experience intermittent fires 

each year (Sewak et al. 2021). Further, since my publication, there have been calls to the G20 

for multi-national collaborations with respect to forest fires in order to jointly set management 

priorities and to develop international agreements to help conserve forests and savannas and 

the ecosystem services they provide (Kala 2023).  

Also, in chapter II, I discovered that even though stem density increases in plots that are 

recently burned, fires lower species richness. This is because fire provides a strong 
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environmental filter for the few species with fire tolerant traits such as clonal resprouting and 

thick bark (Neeraja et al. 2021). Such environmental filtering has long been studied in forests 

in other regions of the world, such as North America (e.g., Heinselman 1973, Anoszko et al. 

2022). However, for each region, it is important to have studies that focus on the tree species 

and traits that are filtered by fire. This enables future work aimed at modeling scenarios for 

forest conservation. Thus, my research makes an important contribution for the Eastern Ghats. 

Also, in chapter II, I found that in the presence of fire, the size structure of the tree community 

consisted of smaller-sized resprouting individuals, shifting the structural and functional 

composition of the dry forests. It is well known that smaller trees offer fewer resources, such 

as fruits, leaves and bark, to local communities (e.g., Sambo et al. 2020), and thus I expect 

that the structural changes I observed to this forest-savanna ecosystem have consequences for 

the local communities in the Eastern Ghats. 

In chapter III, I quantified the influence of ambient levels of harvesting on the demographic 

vital rates and population growth of three dry forest tree species. I hypothesized that 

harvesting would decrease demographic vital rates and population growth rates of the species, 

mainly due to stem harvesting. I found that harvesting significantly decreased the growth of 

two of the three tree species, and significantly reduces the population growth rate of one tree 

species (Neeraja et al. 2022). The negative influence of the population growth rate on this 

species was mainly due to stem harvesting forcing individuals to resprout from base. Further, 

I found no evidence of successful seedling recruitment for any of the three focal species 

(Neeraja et al. 2022).  

Chapter III was published in a special feature in Biotropica honoring Professor Kamal Bawa, 

a scientist that has made important contributions to our understanding of the viability of tree 

populations in forest-dependent human communities (e.g., Menon et al. 2000). My manuscript 

in the feature was set up in contrast to the results discovered by Kumar and colleagues (2022) 

in Central India, in which strong recruitment was found following fuelwood harvesting. I 

suggest the different between our studies might be due to the high fire frequency in the 

Eastern Ghats, which kills recruiting seedlings. 

In chapter IV, I investigated the composition and size structure of woody species in two 

habitats: wooded savanna and open savanna ecosystems. I find that there is compositional 

dissimilarity between the two habitats and that this mainly due to species turnover rather than 

due to one habitat having a nested subset of the species found in the other. The size structure 

of woody plants in both habitats are similar indicating the presences of anthropogenic 
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disturbances in both. This chapter provides an interesting baseline for future demographic 

research on the tree species in these ecosystems, and it is my strong desire to continue this 

line of research. 

5.2 Relevance and potential application for conservation 

My results provide knowledge on the influence of fires on woody species richness in the 

Eastern Ghats (Neeraja et al. 2021) which host many endemic species (Panda et al. 2013). 

This provides the baseline information needed for many conservation practices, such as (1) 

identifying species that are less fire resistant and might need conservation attention in order to 

persist, (2) planning strategies for fire management, which can include creating fire breaks to 

prevent the spread of fire, and early detection and suppression of fires, and (3) community 

engagement with local stakeholders to promote the protection of their forest resources as part 

of the fire management strategy.  

My results provide knowledge on the demography and the effects of harvesting on endemic 

tree species of the Eastern Ghats, a region for which few demographic studies are available 

(Salguero‐Gómez et al. 2015). Such demographic data provides a view of the long-term 

trajectory of populations if the current management remains. Optimistically, I found that 

branch harvesting at its current rate is sustainable. However, my results projected population 

decline for all species, likely due fire, which causes a lack of recruitment. 

My results have already been used by a local NGO to discuss the future of forest-savanna 

management with local communities. Specifically, the Foundation for Ecological Security 

works closely with local communities to promote ecological conservation and sustainable 

development. They foster a participatory decision-making process, by encouraging local 

communities to actively contribute to the development of fire management plans. Through 

consultations and meetings, community members, along with the forest department, discuss 

and identify strategies that align with both ecological conservation goals and the needs and 

aspirations of the local communities. 

My results can contribute to quantitative threat assessment for IUCN red listing (Hernández-

Yáñez et al. 2022). Demographic data is instrumental in determining if a population is 

expected to decline, and if so at what rate. In particular, the lack of recruitment observed 

indicates that concerns about the long-term persistence of my focal species, and such 

quantitative information is critical to an assessment of the species’ overall risk of extinction. 

Life history traits, such as generation time, longevity, and age of maturity can be calculated 



Chapter 5 

66 

for these species using my demographic data, and these are important features in IUCN 

assessments. My research has identified fire as the primary threat to these species, and such 

threat assessments help to prioritize conservation actions. 

My thesis highlights the importance of conserving both reserve forests and open savanna. 

Currently, open savannas do not have a legal protection status in India. However, these 

ecosystems harbor unique tree species that are not found in reserve forests and are important 

areas for local endemic fauna (Vanak 2019, Rastogi et al. 2022). In my study area for chapter 

IV, I have recently witnessed the loss of substantial habitat to make room for a large-scale 

solar park. While solar power can contribute positively to mitigating climate change, there are 

many competing needs for sustainable forest livelihoods and biodiversity conservation that 

were not considered due to the lack of protection of these areas.    

5.3 Future Directions 

My research was observational, and experimental research in the future would make it 

possible to disentangle the effects of fire, drought and harvesting on plant population and 

community responses, as well as understand if the combination of these factors is additive or 

non-additive. C4 grasses, such as those in the genus Cymbopogon, are now common in the 

understory of these forest-savanna ecosystems. It is possible that both exclusion of fire and 

removal of these grasses is necessary to restore the diversity of woody plants and offer the full 

spectrum of ecosystem services to local communities.  This is because the dominance of C4 

grasses provides biomass that fuels fires, possibly increasing fire intensity and extent. It will 

be an important component of future research to disentangle the effects that grasses and fire 

have on woody plant biodiversity and composition.  

It is also important to understand the historical fire regime of the area and the fire regime that 

would be sustainable for biodiversity and ecosystem services in the future. We know that 

savanna ecosystems have existed in India for over a million years, as indicated by fossil and 

molecular evidence and from the diverse and endemic C4 grasses, such as Cymbopogon spp. 

(Ratnam et al. 2016). While savanna plant communities in the Eastern Ghats were historically 

shaped by the monsoonal climate, fire and wild herbivores, more recently human activities 

have likely changed the fire regime. For example, while domesticated animals have been 

present in the Eastern Ghats for thousands of years (Allchin 1963, Paddayya 1973, Singh et 

al. 2013), the number of these animals has increased in recent years with rising human 

populations. We know that the fire regime has changed in recent years (Neeraja 2021) due to 
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anthropogenic fires that promote new growth grasses that are palatable to livestock combined 

with more arid conditions created by climate change (Senande-Rivera et al. 2022).  

While it is clear that fires have been an integral part of the system for a long time, and have 

shaped the evolution of the modern plant communities that occur in the Eastern Ghats today, 

it would be useful to have even more detailed information on how the fire frequency, intensity 

and extent has changed through time. This would help us better understand these systems and 

plan a fire management strategy to support nature and people. Fire management will almost 

certainly have to consider the regional context, the climate and current land use. 

In order to create scenarios for how management aimed at reducing the frequency of fire will 

influence recruitment of seedlings for the focal species in this dissertation, future research is 

needed to quantify the recruitment of trees in the absence of fire. It is unclear how long fire 

needs to be absent to allow some of the fire sensitive tree species to recruit to a large enough 

size class that they can survive fire. The demographic research in this dissertation was only 

able to focus on existing individuals and resprouting individuals, but lacks information about 

seedling recruitment and growth. Further, it is also unknown how many fires resprouting 

individuals can withstand before they run out of stored resources and die. Future research 

following these individuals after each fire could provide this information. 

The information on demography and population dynamics in chapter III focuses on a 

particular habitat type (wooded savannas) and three focal species. It would be important to 

expand this research in the future to more species and habitat types. Chapter IV sets up the 

possibility for this future research, as several of the species were present in sufficient sample 

sizes for demographic analyses. I tagged these individuals with the plan to monitor their fates 

in the future. It has now been five years since, and the time is ripe for a demographic 

resurvey. 

Finally, the research in this dissertation could be expanded to better understanding how 

functional traits explain plant responses to fire, harvesting, habitat affiliations. Chapter II 

begins this line of thinking, as bark thickness and sprouting ability can explain community 

patterns in response to fire. Research by others in this region has demonstrated that functional 

traits can explain the distinction between dry forests and moist forests (Ratnam et al. 2019).  

5.4 Conclusions 

This thesis contributes to a growing literature on the effects of natural and anthropogenic 

factors on the community composition and demography of woody plants. Little of our current 
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knowledge comes from the Eastern Ghats.  As climate change continues to advance and 

human populations put more pressure on these natural ecosystems, knowledge of species 

responses becomes more critical to managing ecosystems in future. I hope that my thesis will 

inspire future research in this important ecosystem.  
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Appendices 

 

Supplementary material for Chapter 2 

Neeraja, U.V., Rajendrakumar, S., Saneesh, C.S., Dyda, V. and Knight, T.M., 2021. Fire alters 

diversity, composition, and structure of dry tropical forests in the Eastern Ghats. Ecology and 

Evolution, 11(11), pp.6593-6603. https://doi.org/10.1111/btp.13135 

 

Appendix A. Community dissimilarity and geographic distance of sampling plots. 

We used Mantel Tests with the mantel function from the package vegan in R to test the 

relationship between geographic distance and pairwise dissimilarity (Bray Curtis index) in 2008 

and 2018. We used the vegdist function to compute dissimilarity indices for community 

composition data from package vegan in R. Geographic distance between sites was calculated as 

Haversine distance from the package geosphere (Hijmans, 2016) in R. All statistical analyses 

were conducted in R programming version 3.6.2 (R Core Team 2017). 
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Fig. A.1. Relationship between community dissimilarity and geographic distance for 2008 plots. 

Pairwise dissimilarities are plotted as a function of the distance between the sampling plots. 

Mantel statistic r: 0.2363, p<0.0 

 

Fig. A.2. Relationship between community dissimilarity and geographic distance for 2018 plots. 

Pairwise dissimilarities are plotted as a function of the distance between the sampling plots. 

Mantel statistic r: 0.1999, p<0.001 



Appendices 

78 

Appendix B. Tree species composition across four categories representing sampling years and 

the presence and absence of fire. This visualization includes eight plots that had only one tree 

species. Because two of these plots are clear outliers, these eight plots were removed from the 

statistical analysis and visualization in the main paper.  

 

 

Fig. B.1 NMDS ordination of tree species composition (stress=0.158) showing all the vegetation 

plots in four categories representing sampling years and the presence and absence of fire.  
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Appendix C. Categories of bark thickness and resprouting ability for 10 focal tree species.  

Family  Species Mean 

GBH 

Mean bark 

thickness 

Relative bark 

thickness 

Category 

Fabaceae Albizia amara 60.26 0.26 1.35 Thin (Anil and 

Parthasarthy 

2016) 

Erythroxylaceae Erythroxylum monogynum 
  

Thin 

(Sasidharan 

2006) 

Fabaceae Dalbergia paniculata 52.40 0.610 3.65 Thin 

Hernandiaceae Gyrocarpus americanus 43.5 1 7.22 Thin 

Fabaceae Acacia chundra 40.69 0.98 7.57 Thin 

Lamiaceae Premna tomentosa 21 0.53 7.97 Thin 

Bignoniaceae Dolichandrone atrovirens 36.12 1.03 8.99 Thick 

Fabaceae Cassia fistula 26.25 0.80 9.62 Thick 

Rutaceae Chloroxylon swietenia 37.6 1.18 9.85 Thick 

Apocynaceae Wrightia tinctoria 28.51 0.92 10.16 Thick 

Table C.1. Categories of bark thickness for 10 focal tree species. To quantify bark thickness, co-

author Saneesh CS measured girth at breast height (GBH) and bark thickness measurements of 

trees. Relative bark thickness was calculated as (Mean Bark thickness/ Mean diameter)*100 

following Hoffman et al. 2012, Lawes et al. 2013. Tree species were grouped into thin and thick 

bark based on quantile grouping using cut2 function from Hmisc package in R to make the 

continuous numerical variable into categorical. Additional citations supporting the categories of 

thin or thick for each focal tree species are also given in the Category column 

 

Family  Species Resprouting type 

Fabaceae Albizia amara Basal (own observation) 

Erythroxylaceae Erythroxylum monogynum Basal (own observation) 

Fabaceae Dalbergia paniculata Basal (Saha and Howe 2003) 

Hernandiaceae Gyrocarpus americanus Non sprouting (Otterstrom 

2006) 

Fabaceae Acacia chundra Basal (own observation) 

Lamiaceae Premna tomentosa Basal (own observation) 
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Bignoniaceae Dolichandrone atrovirens Clonal (own observation) 

Fabaceae Cassia fistula Clonal (own observation) 

Rutaceae Chloroxylon swietenia Clonal (own observation) 

Apocynaceae Wrightia tinctoria Basal (own observation) 

 

Table C.2. Categories of resprouting type for 10 focal tree species. Information on resprouting is 

based on field observations of the authors and/or the literature cited. Basal sprouters are capable 

of resprouting from their root collar. Clonal sprouters are capable of producing root sprouts and 

root collar sprouts. 

Appendix D: Stems density (stems per plot) in plots with no fire presence and fire presence. 

 

 

 

 

Fig. D. 1 Stems per plot of 10 focal tree species in plots with no fire presence (left) and plots 

with fire presence (right) in 2018. 
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Figure S1. Photos of main stem harvesting on Chloroxylon swietenia.   

     

Figure S2. Photos of branch harvesting on Acacia chundra.  

    

 

 

Figure S3. A single individual of Gardenia gummifera in the sprout state. 
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