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Abstract 

Agriculture is the most extensive global land use and a leading cause of biodiversity loss. 

Organic farming is often promoted as a means of reducing agricultural impacts on biodiversity 

by reducing or avoiding chemical fertilizers and pesticides, and can result in a 30 percent 

increase in biodiversity for some species in some systems. A potential trade-off is that organic 

agriculture can lower crop yields, thereby requiring a greater land area to meet crop production 

goals. In this study, I examined whether forest cover surrounding rice wetlands can reduce the 

trade-off between biodiversity and productivity via comparison of paired organic and 

conventional farms. I compared abundance, Simpson diversity, and rarefied richness of 

amphibians, and abundance of arthropods in organic and conventional rice wetlands in four 

districts in Kerala, southern India, from July to October of 2016. I selected 31 organic rice fields 

and paired each with a nearby conventional field. Pairs were located to maximize the variation in 

forest cover in the landscape surrounding the fields. Farmers provided data on mean rice yields 

of each farm. 

Amphibians were significantly more abundant and diverse in organic fields, and species 

composition differed from those of conventional fields. Arthropods were more abundant in 

organic fields. While mean yield (tons of rice/hectare) of organic farms was significantly lower 

than in conventional farms, landscape context ameliorated the trade-off between productivity and 

biodiversity. In organic fields surrounded by more forest patches, rice yields did not decrease as 

much compared to the landscapes with less forest, while the increase in biodiversity (as 

compared to nearby conventional agriculture) was not as large. My results suggest that forested 

landscapes reduce the trade-off between biodiversity and productivity in rice fields in Kerala. 

These results could aid in designing agricultural ecosystems that maximize biodiversity benefits. 

For example, promoting more diversified tree-based agroecosystems, and protecting remaining 

uncultivated areas in the landscape could improve farmland biodiversity while minimizing the 

impacts to the agricultural productivity of the landscape. Furthermore, in intensively managed 

landscapes comprised of cropland and urban land cover, organic farming may have a larger 

effect on biodiversity than in landscapes with more forest cover.  
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Lay Summary  

There is a general sentiment that organic food is healthy but also good for the environment. In 

this thesis, I studied organic rice fields in Kerala, India, to determine how biodiversity 

(specifically of amphibians and arthropods) and productivity of organic fields differ from those 

of conventional fields nearby. I also looked at how differences in biodiversity and productivity 

vary depending on the amount of forest in the landscape. My results showed that organic fields 

have more amphibians and arthropods and produce less rice than neighbouring conventional 

fields. But, when there is more forest in the landscape, the differences in rice productivity and 

biodiversity between organic and conventional fields were not as pronounced as in landscapes 

with less forest. My results indicate that forest cover in the landscape surrounding fields can 

reduce the trade-off between biodiversity and productivity in agricultural landscapes. 
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Chapter 1. Introduction and Research Objectives 

 

1.1 Agriculture & biodiversity loss 

The push for agricultural intensification, which began during the mid 1900s as part of the Green 

revolution, dramatically increased the use of fertilizers, pesticides and high yielding crop 

varieties (Tilman 1999). Global food production increased as a result (Evenson & Gollin 2003) 

and most of the developing world shared the benefits of reductions in food prices and numbers of 

malnourished people even as human population continued to increase at a high rate (Tilman 

1999). Today the total global agricultural area (37%) exceeds the total forest cover (30%; 

FAOSTATS 2014), making agriculture the most dominant land use in the world (FAO 2016). 

But this success means that agriculture is also the leading threat to biodiversity. One of the key 

features of agricultural intensification is to promote large-scale monocultures, which reduce the 

diversity of wild flora and fauna in landscapes (Matson et al. 1997).  Intensification, however, 

could also hold the key to saving biodiversity through better management and understanding of 

biodiversity dynamics in agricultural landscapes (Lockwood 1999; Norris 2008). 

Agricultural expansion and intensification is responsible for significant loss in forest cover 

globally (FAO 2016). Biodiversity loss can significantly affect the structure and functioning of 

whole ecosystems (Jones et al. 1997). Declines in biodiversity were first identified as a global 

concern in the1980s and international efforts to reduce loss began with the Earth Summit in 

1992, followed by the World Summit on Sustainable Development (2002) and the Millennium 

Ecosystem Assessment (2005). Despite the hard work of scientists, policy makers and 

conservationists to minimise the loss of biodiversity, the rate of decline has escalated over the 

past decades and is still continuing to increase (Pearce 2007; Butchart et al. 2010; Pereira et al. 

2010). Current measures to minimise biodiversity loss focus mainly on protected areas, but 

biodiversity is also an important factor in agricultural landscapes, where biodiversity loss is 

severe. 

Biodiversity plays an important role in all ecosystems, increasing biomass, nutrient and water 

cycling through ecosystems and trophic levels thereby affecting the functioning of ecosystems 

(Loreau et al. 2001; Cardinale et al. 2012). Ecosystems provide direct and indirect benefits to 
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people (Johnson et al. 2017), for example, direct services such as providing food through fish, 

meat, fruits and vegetables, and clean water from fresh water ecosystems, while indirect services 

include pollination and pest control (Millennium Ecosystem Assessment 2005). Reduced 

biodiversity can alter ecosystems, and lower efficiency or stability (Cardinale et al. 2012); hence, 

biodiversity is important for human well-being (Hooper et al. 2005). 

Human activities such as deforestation, logging, industrialisation, agriculture and other 

development activities, lead to habitat degradation and clearing (Alroy 2017). Human induced 

habitat changes can alter population dynamics in an ecosystem. For example, Bailey and 

colleagues (2010) found that predators are more affected by habitat isolation than herbivorous 

group of organisms. Further, losing a keystone species or a species at a higher trophic level can 

have greater impact on ecosystem functioning (Cardinale et al. 2012) because that negatively 

affects the multiple functions performed by that species. In agricultural landscapes, human 

disturbances reduce species richness but diversity and heterogeneity of favourable habitat in the 

landscape can reduce the loss of species (Tews et al. 2004). 

Agricultural expansion replaces natural ecosystems and reduces the diversity of in-field flora and 

fauna of the landscape. Agricultural expansion has already replaced a considerable amount of 

forest, grasslands and savannas globally (Foley et al. 2005). Today, agricultural expansion is 

greater in tropical ecosystems, which are rich in biodiversity and ecosystem services (Gibbs et al. 

2010; Foley et al. 2011). Clearing more natural habitat in the landscape could result in loss of 

fertility of the nearby agricultural soil and reduce agricultural productivity (Ramankutty et al. 

2002). Agricultural production is still the major ecosystem service that demands the attention of 

most of the world because of the increasing world population demands to produce more.  

With the intention of increasing productivity in existing agricultural land, agricultural 

intensification makes use of high yielding crop varieties, chemical fertilizers and pesticides. As a 

result of intensification, over the past five decades, chemical inputs to agricultural systems have 

increased five times per unit area (Matson et al. 1997; Foley et al. 2011). In the long term, 

agriculture intensification can increase soil erosion, and reduce soil fertility and biodiversity, 

thereby negatively affecting ecosystem properties. Runoff from agricultural areas is causing 

pollution and eutrophication in nearby natural fresh water and marine ecosystems (Matson et al. 

1997; Chapin III et al. 2000), which could also cause human health problems.  
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The impact of agricultural activities on ecosystems needs to be reduced for sustainable food 

production (Foley et al. 2011). This could be achieved through optimising the use of chemicals 

in the system and managing agricultural areas for both the conservation of biodiversity and food 

production. Agriculture includes a wide variety of crop types, management practices and rotation 

periods; the effects of these intensification practices vary in different agricultural systems. All 

agricultural systems are not responsible for biodiversity decline; for example, tree-based 

cropping systems and organic farming have shown positive effects on biodiversity (Foley et al. 

2011).  

There is a general acceptance among studies that organic farming, which avoids the use of 

chemicals to the system, reduces the impact of agriculture on ecosystems thereby increasing 

biodiversity (Bengtsson et al. 2005). Meta-analysis has shown that organic farms host higher 

abundance of weeds, arthropods, birds, soil invertebrates and some rare plant species (Hole et al. 

2005). A few studies have found neutral or even negative differences in biodiversity between 

organic and conventional farms (Hole et al. 2005). The magnitude of the difference in 

biodiversity between organic and conventional farming increases with the intensity of the land 

use. Since differences in biodiversity are expected to be most pronounced in cereals and annual 

vegetables (Tuck et al. 2014) I chose rice paddy wetlands to study the effect of organic farming. 

 

1.2 Land sharing vs land sparing 

Green et al. (2005) proposed the land sharing vs land sparing conceptual framework, which 

presents two approaches to managing the trade-off between agriculture and biodiversity. The 

land sharing approach suggests maintaining patches of natural and semi natural areas within and 

around farms to reduce the negative effects of agriculture on biodiversity. This approach reduces 

productivity in a given farm (because it is less intensive) and hence leads to the clearing of more 

agricultural areas to maintain the same level of food production. On the other hand, land sparing 

suggests reducing the overall agricultural area but increasing the production per unit area by 

intensifying farming practices using fertilizers and pesticides; biodiversity protection is allocated 

to ‘spared land’ or abandoned farms that grow back to natural areas (Green et al. 2005). 
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Agroforestry, organic farming and other wildlife friendly practices are increasingly advocated as 

strategies for land sharing (Phalan et al. 2011a; Tuck et al. 2014), but these could lead to the 

clearing of more natural areas, which have higher biodiversity. Productivity in organic farming 

can be enhanced by improving management practices and growing conditions (Seufert et al. 

2012). Management practices such as crop diversification and agroforestry, which increases the 

diversity of cultivated crops, have been shown to increase biodiversity and productivity in 

agricultural landscapes (Cardinale et al. 2012). 

Because agricultural clearing is the main threat to global biodiversity loss (Phalan et al. 2016), 

land sparing approaches suggest that the better strategy for minimising negative effects of 

agriculture on biodiversity is to reduce the total cultivated area by adopting higher intensity 

farming practices. Phalan et al. (2011a) compared the effect of agricultural intensification on 

biodiversity and found that birds and trees in Ghana and northern India are more negatively 

affected by land sharing than land sparing.  However, in many countries intensified agriculture 

using substantial amounts of agrochemicals has resulted in degradation of soil, water and air 

quality (Phalan et al. 2016). By polluting these natural resources, human health could also be 

affected which raises concerns about broader food security issues such as reduced dietary 

diversity and nutritional qualities in the food produced. The long-term productivity of 

agricultural intensification is also often questioned; for example, in India, large scale intensified 

crop cultivation systems have led to declines in soil quality and productivity (Matson et al. 

1997).  

Both approaches have been debated over the past decade, and the decisions on land sharing and 

sparing depend on the magnitude of the trade-off between biodiversity and productivity of the 

system (Tuck et al. 2014). The land sharing approach is advisable for a system if the productivity 

is high and can withstand a reduction in order to conserve biodiversity. The size of the trade-off 

is also important, as a minor increase in biodiversity with a considerable reduction in 

productivity is not reasonable from a farmer’s point of view. The trade-off between biodiversity 

and productivity in an ecosystem is much understudied. Agricultural systems vary in potential 

productivity and existing biodiversity, hence the trade-off between biodiversity and productivity 

needs to be better understood. The application of both land sharing and sparing approaches need 

careful consideration of the social, economic and ecological systems.  
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Studies comparing organic and conventional biodiversity are largely from temperate regions and 

very few studies examine direct correlations between biodiversity and productivity. The land 

sparing and sharing debate requires more representation from varied organismal groups and 

agricultural systems to improve generalisations at a global scale. In this study, I examined 

biodiversity and productivity in organic vs conventional rice paddies in Kerala, India. I also 

explored the effect of landscape context on biodiversity and productivity in organic farms. The 

variability of landscape structure, productivity of rice and importance of tropical forest 

ecosystems in Kerala makes it an ideal place to conduct the study. 

 

1.3 Kerala context 

I conducted my study in Kerala, a state in Southern India. Kerala is an agrarian state where 

agriculture plays a major part in the economy. Rice is the staple food for Keralites and major 

portions of the state land area have been under rice cultivation for centuries. During the mid-

1900s, about 750,000 hectares of land (19% of the total land area of Kerala) was under rice 

cultivation, peaking at nearly 881,000 hectares (23% of the total area) in 1975 (Figure 1.1). 

Dramatic land-use change in Kerala began in the early 1980s, when cash crops such as coconut, 

arecanut and rubber replaced food crops such as rice and cassava (Kumar 2006).  



6 
 

 

Figure 1.1 Changes in total area cultivated of Kerala's major commercial crops, such as rice, coconut, rubber, 
cassava and black pepper from 1954 to 2012 (Source: taken from thesis of Fox 2015) 

 

The area under rice was reduced to 197,100 hectares in 2013 (5% of the total area) (Kerala 

Agricultural Statistics, 2013), one-third of its area in 1975. The rapid decline in rice cultivation 

was caused by the inflated cost of labour, reduced profits and inflated cost of production (Fox et 

al. 2017). Despite efforts by the government to reduce the loss of rice wetlands (Kerala 

Conservation of Paddy Land and Wetland Act 2008), most of the uncultivated rice fields were 

either abandoned, used for other agricultural uses such as cash crops, or used for non-agricultural 

purposes such as building houses and other developmental activities.  

Rice cultivating areas are considered wetland ecosystems (Hendrickson 2003), and are 

recognised by the Ramsar convention (Barbier et al. 1997) as manmade wetlands, with high 

biodiversity of threatened and habitat specific species. In Kerala, rice fields have been part of the 

landscape for thousands of years and are widespread. These wetlands are very efficient in 

retaining rainwater in the landscape and promoting water infiltration into the soil. Since rice-

cultivating areas are wetlands, cultivation ensures the presence of water in the fields maintaining 

the water table closer to the surface. Abandoning rice wetlands can increase drought periods, 
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lower the water table and increase soil erosion. It can also change soil properties, such as 

increased soil macrofauna and high rates of eutrophication (Thomas et al. 2004) and eventually 

lead to the loss of the wetland qualities of the ecosystem.  

Maintenance of rice wetlands for cultivation, however, can also lead to environmental problems. 

Heavy use of fertilizers in the rice wetland ecosystems in Kerala has caused pollution, 

eutrophication, and harm to biodiversity (Kittusamy et al. 2014; Sruthi et al. 2017). Intensive rice 

cultivation can also reduce human wellbeing by increasing pesticide residues in the food and 

water of local people (Sruthi et al. 2017). 

 

1.4 Research objectives 

In this thesis, my main objective is to compare how organic and conventional rice farming 

affects potential trade-offs between biodiversity and agricultural productivity. My secondary 

goal is to understand the role of landscape context (the amount of forests in the landscape 

surrounding fields) and how it augments or reduces such trade-offs. I compared the biodiversity 

(amphibians and arthropods) as well as agricultural productivity (rice production) in organic vs 

conventional rice paddy wetlands in Kerala, in southern India. The results will add to the existing 

knowledge of the effects of organic farming from a tropical and developing country perspective 

thereby reducing the geographical biases in current studies.  

My thesis is composed of four chapters: this introduction (chapter 1), two research chapters 

(chapters 2 and 3), and a conclusion (chapter 4). Chapter 2 examines the differences in 

biodiversity and rice productivity in organic vs conventional fields. The specific research 

objectives and associated questions I address for chapter two are: 

1. Does organic management increase biodiversity of amphibians and arthropods, compared 

to that of neighbouring conventional fields? 

2. Do organic paddy fields have lower productivity than conventional rice wetlands? 

3. What is the relationship between agricultural productivity and biodiversity of amphibians 

and arthropods (in terms of diversity, abundance, rarefied species richness and 

community composition)? 
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My results showed quite high variability in the impact of organic and conventional fields on 

biodiversity measures and productivity. To further understand possible drivers of this 

variability, Chapter 3 assesses if the amount and spatial pattern of forests surrounding the 

fields impacts biodiversity and productivity patterns and trade-offs. This third chapter 

addresses the following three questions: 

1. Do biodiversity differences between organic and conventional fields vary according to 

the amount of forest in the surrounding landscape? 

2. Can the differences in rice productivity between organic and conventional fields be 

explained by the amount of forest in the landscape? 

3. How does landscape configuration influence the effect of organic farming on 

biodiversity?  

 

In the last chapter, I conclude the thesis with insights about the overall findings and suggestions 

for landscape level planning and management of rice paddy wetlands. I have also included 

suggestions for future research. I hope my thesis will contribute to our general understanding of 

the effects of organic farming and landscape context on biodiversity and productivity in future 

organic-farming-related studies. 
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Chapter 2. Organic Farming Increases Biodiversity but Reduces 

Productivity: A Strategy for Land Sharing 

 

2.1 Introduction 

Biodiversity plays a key role in ecosystems, supporting important ecosystem functions such as 

pollination, nutrient cycling, pest control and other indirect benefits to people (Tilman & Clark 

2014; Lefcheck et al. 2015). But biodiversity is declining globally (Pereira et al. 2010; Gerstner 

2017) due to various human pressures like land-use change, climate change, energy production 

and food production (Alkemade et al. 2009). International efforts to conserve biodiversity largely 

focus on the creation of protected areas (Gaines et al. 2010), but existing protected areas are not 

enough to reduce the global loss of biodiversity, hence conservation efforts need to extend 

beyond protected areas to all landscapes (Mora & Sale 2011).  

One of the chief drivers of biodiversity loss globally is agriculture (Hole et al. 2005), which 

occupies more than 37% of the global land area (FAO 2016). Although agricultural areas have 

the potential to host biodiversity, the biodiversity loss in these areas is typically very high.  There 

are two reasons for this: 1) through habitat loss, as natural areas are cleared for agriculture; and 

2) by means of intensification of existing agricultural land, through a variety of methods like 

using high-yielding crop varieties, chemical fertilizers and pesticides (Matson et al. 1997). Both 

activities are intended to increase agricultural productivity (Tscharntke et al. 2005). But 

increased use of chemical inputs can create hostile environments for organisms by altering the 

chemical properties of soil and water (Matson et al. 1997) such that only those groups that can 

adapt to the unfamiliar environment will survive (Gamez-Virues et al. 2015). Under this scenario 

of intensified agricultural land use, biodiversity needs to be spared elsewhere (land sparing 

hypothesis). An alternate approach (land sharing hypothesis) is to reduce the impact of 

agriculture on the ecosystem through wildlife friendly farming, where food production and the 

conservation of biodiversity are accommodated in the same landscape (Green et al. 2005; 

Hodgson et al. 2010; Tscharntke et al. 2012). 

Organic farming, which reduces or completely avoids the use of chemical inputs to the 

agricultural system, can lessen the impacts of agriculture on ecosystems (Gomiero et al. 2011) 
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thereby increasing biodiversity (Stolze & Lampkin 2009; Coda et al. 2015). Globally, the area 

under organic management has been increasing steadily, from 11 million hectares in 1999 to 37.2 

million hectares, or about 2.3% of total agricultural area, in 2011 (FAO 2013). Since organic 

farming has been found to improve biodiversity in agricultural landscapes significantly (Coda et 

al. 2015) it could be a viable method in a land sharing approach (Schneider et al. 2014).  

Increasing biodiversity in agricultural areas depends on both the agricultural practices used and 

the amount of uncultivated areas managed within the farm, including ponds, hedges, ditches and 

other uncultivated area, that act as breeding habitat and shelter for a diverse group of organisms 

(Bengtsson et al. 2005). The effect of organic farming appears to be higher in high intensity 

agricultural systems (higher planting density, fertilizers and other chemicals, longer cultivation 

period, or higher tillage frequency) (Tuck et al. 2014). Meta-analysis shows that the effect of 

organic farming on biodiversity also varies depending on the group of organisms and the 

landscape studied (Batáry et al. 2010; Winqvist et al. 2011). 

But increasing biodiversity in organic fields comes with a cost, as the agricultural productivity of 

organic farms can be significantly lower than that of conventional farms (Badgley et al. 2007; de 

Ponti et al. 2012; Gabriel et al. 2013). The yield differences between organic and conventional 

fields can vary depending on the type of agricultural crop, site factors, and management practices 

(Seufert et al. 2012). The productivity of organic farming seems to be lower in cereals and 

annual vegetables (Seufert et al. 2012; Tuck et al. 2014) than in crops that have a longer 

cultivation period, such as perennial vegetables and orchards. Yet surprisingly few studies have 

simultaneously examined productivity and biodiversity to understand this trade-off better in 

organic systems. Moreover, existing studies are biased heavily towards temperate and developed 

countries, despite elevated levels of biodiversity loss in the tropics. The biodiversity and 

productivity dynamics in organic farming need to be better understood because the effect of 

organic farming could vary with the existing biodiversity, intensity of management and the crop 

type. There is a wide range of agricultural systems and taxa yet to be explored (Tuck et al. 2014). 

Rice is a major cereal crop in which the effect of organic farming on biodiversity and 

productivity is little studied.  

Rice is one of the most important cereal crops globally in terms of dietary intake (Maclean et al. 

2013). Rice cultivating areas are considered wetland ecosystems (Hendrickson 2003), and are 
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recognised by the Ramsar convention (Barbier et al. 1997) of globally important wetlands as 

manmade wetlands with high biodiversity of threatened species. Heavy use of pesticides in these 

rice ecosystems causes an imbalance in pest and predator populations, leading to pest outbreaks 

and biodiversity loss (Maclean et al. 2013). According to FAO (2013) estimates, in 2009 rice 

was cultivated on over 158.5 million hectares globally, or 11.5 percent of the total arable land. 

Rice cultivation increased to over 162 million hectares globally by 2010. India is currently the 

largest rice producer in the world in terms of area (Maclean et al. 2013).  Most rice cultivation in 

India is conventional (Priyanga & Venkataraman 2017), but organic farming is increasing with 

support from government and private organisations (ICCOA reports 2014).   

Rice wetlands contain high biodiversity of many taxa including plants, arthropods, amphibians 

and birds (Bambaradeniya et al. 2004; Miyashita at al 2014; Brogi et al. 2015). Amphibians may 

be particularly sensitive to conventional agricultural practices, as they depend on these 

ecosystems for most of their lifecycle, especially for breeding, and are thus directly exposed to 

agricultural chemicals (Taylor et al. 2005; Bruhl et al. 2013). For example, amphibians in 

conventional rice-paddy wetland farms in Kerala have been reported with malformed limbs 

while amphibians in nearby organic farms were unharmed; levels of pesticide residues were 

significantly greater in malformed frogs than in the healthy ones (Kittusamy et al. 2014). The 

effects of agrochemicals may also occur for other taxonomic groups such as arthropods, birds, 

mammals and fishes to varying degrees, depending on the level of agricultural intensification, 

and the species’ use of the agricultural ecosystem and feeding habits (Fryday & Thompson 

2012). 

To better understand biodiversity-productivity relationships in organic farming, in this chapter, I 

compared biodiversity of amphibians and arthropods as well as agricultural productivity in 

organic vs conventional fields in Kerala. In this study, I focused on amphibians, which are an 

underrepresented group in this type of research (Randall & James 2012).  My study addresses the 

following hypotheses: 

1. biodiversity of amphibians and arthropods is greater in organically managed farms, as 

compared to neighbouring conventional fields 

2. organic paddy fields have lower productivity than conventional rice wetlands  
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3. agricultural productivity is negatively associated with diversity, abundance, rarefied 

species richness and community composition of amphibians and arthropods 

 

2.2 Methods 

2.2.1 Study area and site selection  

Kerala is a state in south-western India (8°18' - 12°48' N and 74°52' - 77°22' E) covering an area 

of 38,863 km2 (Figure. 2.2.1). Running northwest to southeast, the state has a 580 km coastline 

from the Arabian Sea in the west to hilly tropical evergreen forest in the east. Geographically the 

state is divided longitudinally into three regions from west to east: lowland, midland and 

highland (Kerala Forest and Wildlife Department 2017). The lowlands are coastal plains with 

river deltas, lagoons and backwaters. Coconut and rice are the main agricultural crops cultivated 

in this region. The midland region is characterised by undulating terrain with intense agricultural 

activity and a wide variety of crops, including rice, cassava, black pepper and tree crops. The 

highland region is characterised by tropical evergreen forest. It lies within the Western Ghats 

biodiversity hot spot (Myers et al. 2000), a stretch of mountains that covers 56% of the state’s 

land area.  

Kerala has a tropical humid climate with average temperatures ranging from 20 to 37 degrees 

Celsius. It experiences tropical monsoon rains (southwest monsoon and northeast monsoon) from 

June to December, which bring about 3225 millimeters of rain annually (Kerala Department of 

Environment and Climate Change, 2014). The state has high biodiversity found primarily in 

forest ecosystems, which covered 29.1% of the state in 2013, and housed 3800 species of 

flowering plants, of which 33.5% are endemic to Kerala (Kerala Forest and Wildlife Department 

2017). Total faunal diversity is 5103 species, with 145 mammals, 486 birds, 164 reptiles, 4027 

arthropods and 85 amphibians. 
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Apart from forests, Kerala also owes its floral and faunal wealth to home gardens, a traditional 

tree-based agricultural system that covers approximately 36% of the land area (Kumar 2006). 

These home gardens host high floral and faunal biodiversity and are often spatially connected 

with rice wetlands (Coyle 2015). Rice has historically been Kerala’s major agricultural crop, 

covering about 22% of the total geographical area of the state in the1980s, but declining to about 

Figure 2.1 Map showing peninsular India and location of Kerala state (green) in the southwest. Enlarged map of 
Kerala using classified Sentinel 2 imagery showing the forest land cover (green) and the location of the field sites 
in four districts: Wayanad (circle), Malappuram (square), Thrissur (triangle) and Palakkad (plus). 



14 
 

8.8% by 2003 (Kumar 2006). As per the reports of the Kerala Department of Soil Survey and 

Soil Conservation (2017), rice covered an area of 229,000 ha in 2017, or 5.8% of the total area of 

the state.  

Study locations in rice wetlands were spread across four districts (Malappuram, Palakkad, 

Thrissur and Wayanad), which are landscape mosaics of cropland, buildings, home gardens, 

rivers, lakes and forest to varying degrees. Wayanad, located primarily along the Western Ghats, 

is highly tree-dominated with a low population density, while Thrissur, Palakkad and 

Malappuram are more highly populated. The landscapes of these four districts span those with 

highly tree-dominated fields near the Western Ghats (Wayanad and some fields in Palakkad), to 

landscapes with a mixture of trees and agriculture and urban features in Thrissur and 

Malappuram, to highly crop-dominated landscapes in parts of the Palakkad gap where the 

Western Ghats break (Figure 2.2.2).  Due to this great variation across landscapes, I used a 

paired sampling design to only compare organic and conventional fields within the same 

localized vicinity.  
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Figure 2.2. True color image (Sentinel 2 satellite imagery with a resolution of 10m) showing landscape variability 
in the study area: Palakkad (top left) with high paddy dominance and fewer forested areas; Trissur (top right) 
with high population density; Wayanad (bottom left) with low population and high forest area; and 
Malappuram (bottom right) with a mixture of land uses. 
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2.2.2 Organic and conventional field selection    

Farmers use hedges to divide larger rice wetlands into smaller fields enabling them to regulate 

water flows through the system. Fields are rectangular rice cultivating areas bordered by hedges 

and vary in size. The major source of water for cultivation comes from monsoon rains and from 

the channels running between fields. Minor channels between fields drain excess water from 

fields into major channels, which eventually drain from the rice wetlands. Because hedges and 

water channels are shared among multiple fields, mixed water infiltration between organic and 

conventional farms could occur, however this was not measured in this study. Fields selected for 

study were waterlogged to varying levels because of monsoon rains. I avoided fields that were 

completely submerged or too small to fit a sample plot. 

To locate potential fields, I found farmers in India practicing organic farming through use of an 

internet search. Primary sources included Tamil Nadu Agricultural University (TNAU) 

(http://agritech .tnau.ac.in/org_farm/List%20of%20organic%20farms%20in%20india.pdf) and 

the Organic Farming Association of India (OFAI) (http://ofai.org/wp-content/uploads/2011/04/ 

Organic-Farmers-and-Farms-of-Kerala.pdf). These sources contained lists of organic farmers 

growing different agricultural products. I identified 20 organic rice farmers and contacted them 

by telephone.  

From February 15th to March 2nd, 2016, I conducted a pilot study in the districts of Thrissur, 

Palakkad, Alappuzha, Ernakulam and Wayanad in Kerala (where most of the organic rice 

farmers were reported via the above sources) to locate potential fields, and to understand the 

methods used by farmers in organic rice. During the pilot study, I located and visited 20 farmers 

and solicited contact information of other organic rice farmers in the region. I collected GPS 

locations for all farms during the visits.  

Based on the data from the pilot study, I developed criteria for selecting organic fields: 1) 

minimum farm size of 1 acre (to lay out the plots in the field), 2) no use of synthetic or artificial 

products as inputs (yet farm by-products from plants and animals were fine), 3) under organic 

management for at least two years, 4) at least 4 km away from all other organic farms in the 

study, 5) not completely submerged (i.e. water level was below the hedges). 
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The main study was conducted during the monsoon season from July to October 2016, in 62 

fields (31 organic and 31 conventional fields). I paired each organic field with a conventional 

field located within 2 km. The paired conventional field was selected to be as similar as possible 

to the organic field, except in its use of chemical fertilizers and pesticides as inputs. Organic -

conventional field pairs were between 100m to 2 km distance (except for one pair 6 km apart) so 

that both fields would share most of the landscape features surrounding them. As much as 

possible, matched fields had similar water levels, closeness to other land uses like homegardens, 

and proximity to water channels. Both organic and conventional farmer used local and hybrid 

rice varieties but higher numbers of organic farmers used local varieties while conventional 

farmers tended to use hybrid varieties. 

 

2.2.3 Farm level variables 

I collected information about farming practices of all farms with the assistance of the farmer. 

None of the farmers were asked personal details regarding age, occupation, family history, 

income, religious beliefs or opinions. Farmers were asked about management practices, 

agricultural yields and other farm variables (datasheet attached as Appendix 1). Specifically, I 

solicited information about the type and quantity of fertilizers and pesticides used during 

cultivation and the date of the last application of such chemicals. I also asked the date the crop 

was planted and if planting and harvesting was manual or mechanized.  

Information regarding farming practices such as productivity, the number and type of inputs used 

and other data were collected for each farm. Conventional fields were carefully chosen to 

minimize variability between pairs in all variables except for conventional or organic 

management. Specifically, I controlled for variables such as time of planting (age of the crop), 

date of last fertilizer application and number of growing seasons in a year when selecting the 

conventional pair in that area. I made use of local knowledge about the farming community in 

the area to locate farms best meeting these criteria.  

Rice productivity is highly variable within a given farm from year to year, due to precipitation 

patterns. Thus, I determined mean productivity of rice for each farm by asking the farmers 

during the interview about the average productivity of rice over the course of several years. I 
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obtained productivity estimates for only 30 organic – conventional pairs because one farm was 

damaged by heavy rains prior to harvest. 

 

2.2.4 Amphibian and arthropod sampling 

Amphibian surveys were conducted in organic - conventional field pairs on the same day from 

6:30 pm to 10:00 pm to limit potential diurnal discrepancies. Rainy weather was avoided to 

improve detection ability. With the help of trained field assistants, I identified amphibian 

individuals and calls to species level in five 10m x 10m quadrats in each field. Quadrats were 

dispersed throughout the field maximizing space between them in order to reduce the double 

counting of amphibians. All quadrats were placed to include a hedge to reduce the differences 

between quadrats (Figure 2.2.3). The surveyor spent 15 minutes in each quadrat, walking 10m 

along the side of the quadrat bordering the hedge, carefully scan searching (Cooke & Arnold 

2003), and then advancing towards the center of the field.  I applied multiple methods (counted 

number of individual sightings and calls) to yield the best results (Olson et al. 1997). 

Amphibians show a high degree of movement in the water-rice environment, so the surveyor 

moved very gently so as not to disturb the organisms or damage the crop while surveying. All 

amphibian individuals were identified in the field to species; photographs were taken of 

unknown individuals and later identified either using field guides (Daniels and Indian Academy 

of Sciences 2005) or by consulting experienced researchers from Kerala Forest Research 

Institute, in Peechi, Kerala.  
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Figure 2.3 Figure showing the fields in the farm (rectangle boxes with black outline which is the hedges) and 
selection and layout of sample plots and transects for amphibians and arthropods in organic or conventional 
fields. The largest fields in the farm were selected for biodiversity sampling (shaded in grey), avoiding small 
fields (shaded in white). For amphibians, five quadrats (10*10m) were placed in the field. Quadrats (green 
squares) were carefully chosen with a hedge (black line) on one side. For arthropods, transects of 20*2m (red 
lines) were chosen (2 in the field and 2 on the hedge). 

 

Arthropods were surveyed between 4:00 pm and 6:00 pm on the same day in both organic and 

conventional fields. All surveys were done in sunny weather and completed before sunset. I used 

four 20m*2m transects (two along the hedge, and two in the center of the field). For hedge 

transects, I selected the longest hedge to avoid the hedge intersections. The surveyor spent 10 

minutes on each transect advancing forward, using a sweep net (handle length of 1m and net 

diameter of 30 cm) to complete 50 random sweeps and recording direct observations of all 

arthropods seen, recording only those distinguishable by the naked eye. No specimens were 

collected and minimum damage to the crop was ensured during the survey. Morpho-species was 

determined for all individuals based on color and appearance and used to classify them to order 

(Oliver 1996; Bridgeland et al. 2010) by trained field assistants. Odonates were present in most 

of the fields but were highly mobile and not possible to include in the sweep netting. Hence, 

Odonates were sampled separately by taking direct observations for 15 minutes, standing in the 
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center of the field (see Sutherland 2006 for survey methods). I did not classify Odonates into 

species level but rather recorded the abundance in each field. 

 

2.2.5 Statistical analysis 

2.2.5.1 Biodiversity and organic farming 

I calculated three biodiversity measures for amphibians: (1) abundance (counts of individuals 

and calls); (2) Simpson diversity using R (Core Team 2017) package vegan (Oksanen et al. 

2017); and (3) rarefied species richness (field level) (using the R package vegan). For arthropods, 

I calculated abundance in three ways: total number of individuals in the field (total abundance), 

total individuals in hedge transects (hedge abundance), and total abundance in center transects 

(center abundance) separately for each field. For Odonates, I calculated the total abundance in 

each field. The response variables of amphibian abundance, amphibian rarefied richness, and 

arthropod total and center abundance, were natural log transformed prior to analysis. As 

arthropods and Odonates were identified to order level only, I did not assess diversity or species 

richness for these taxa. 

I tested for the effect of management on amphibian abundance, diversity and rarefied richness. 

Organic and conventional biodiversity was compared with management nested in pairs using 

nested ANOVA using the nlme package in R (Pinheiro et al. 2017). Further, I tested the effect of 

management on five individual amphibian species that were present in at least 15 of the 31 

locations, comparing organic and conventional fields using nested ANOVA with package MASS 

in R (Venables & Ripley 2002). Since individual abundance data were counts, I used generalized 

linear mixed effects model for nested data with Poisson and Quasi-Poisson distribution using the 

package MASS in R. 

The effect of management on arthropod abundance was tested using the same methods. I used 

abundance measures (total, hedge and center) and total abundance for Odonates as the response 

variables and management as the explanatory variable using the package nlme. Seven orders 

were present in more than half of the fields and were tested for the effect of management using 

nested ANOVA (MASS package). The data were counts and followed Poisson and Quasi-

Poisson distribution. Box plots were created with the natural logarithm of the response ratios 
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(organic value divided by conventional value) for every dependent variable (Hedges et al. 1999) 

for amphibians and arthropods to show the variability of the effect. 

 

2.2.5.2 Community composition  

I used Non-Metric Multi-Dimensional Scaling (NMDS), an ordination method for studying 

community composition, to assess if amphibian species and arthropod order assemblages among 

fields (n=62) was significantly different and to show the variability between individual organic-

conventional pairs. NMDS plots were created using absolute abundance measures using the Bray 

Curtis distance measure in the package vegan in R. I also created NMDS plots of separate 

locations (n=31) using absolute abundance of a location (organic + conventional) to study the 

district-wise relationship between the sites. 

I used Blocked Multi-Response Permutation Procedure (MRBP), in the package Blossom in 

RStudioTM (version 1.0.136, RStudio 2016) to test for average differences in community 

composition of amphibians and arthropods between organic and conventional pairs. MRBP is a 

method for testing difference between groups (Ponzetti & McCune, 2001) suitable in a matched 

pair study design. MRBP was also performed to determine if there was a significant difference 

between the organic and conventional fields in the same location with respect to the variables 

controlled within the pairs. MRBP can also be used to test for group differences within blocks 

(pairs) which yields a delta value and p value. The delta value is obtained by taking the average 

of the distances between the two fields in the same site from the distance matrix (Bray Curtis 

distance measure). A lower p-value rejects the null hypothesis that there is no difference between 

the two groups. I tested using the variables that I tried to control for in the field: age of the crop, 

days since last fertilizer application, number of seasons, farm area, number of fields in the farm, 

field area, number of fields and crop variety. 

 

2.2.5.3. Organic farming and productivity 

To test for average differences in productivity between organic and conventional farms, I used an 

ANOVA with linear model in R.  The response variable was productivity of rice (t/ha) with 
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management (organic/conventional) as the independent variable. Boxplots were used to depict 

the average difference in productivity of organic and conventional farms.  

 

2.2.5.4 Biodiversity and productivity 

I tested the effect of productivity (of rice in kilograms per acre) on biodiversity using linear 

mixed effects model with productivity nested in pairs (using the R package nlme). The response 

variables followed a normal distribution. The effect was tested for all the biodiversity measures 

calculated for amphibians and arthropods. I used Akaike Information Criterion (AIC) scores with 

Reduced Maximum Likelihood (REML) estimates for model selection and validation. I also used 

box plots to examine if there was a difference between local and hybrid varieties used in organic 

and conventional fields. 

 

2.3 Results 

2.3.1 Organic management increased biodiversity 

I identified 16 species of amphibians (Appendix 2) with a density of 9,832 individuals per 

hectare (s.d.=5,201). All amphibian species were on The IUCN Red List of Threatened Species 

(Version 2017-3) category of least concern except for Clinotarsus curtipes (near threatened), 

Polypedates occidentalis (data deficient) and Indosylvirana aurantiaca (vulnerable). Amphibian 

abundance was higher in organic fields (11,043 individuals per hectare) than in conventional 

fields (8,619 individuals per hectare) (F1, 30=10.72, p=0.003).  

Amphibian Simpson diversity was also significantly higher in organic fields (F1, 30=4.72, 

p=0.037) but rarefied species richness was not different in organic vs. conventional fields (F1, 

30=2.45, p=0.128). Euphlyctis cyanophlyctis, Fejervaria species A, Fejervaria species B, 

Hoplobatrachus tigerinus and Indosylvirana aurantiaca were the species found in most of the 

sites and hence I compared the abundance of these species independently. Two species 

(Fejervaria A; F1, 30=1.4, p=0.246 and F. B; F1, 30=0.076, p=0.785), were not significantly more 

abundant in organic fields. But three others (Euphlyctis cyanophlyctis (F1, 30=7.719, p=0.009), 
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Hoplobatrachus tigerinus (F1, 30=18.213, p=0.001) and Indosylvirana aurantiaca (F1, 30=15.27, 

p=0.0005) were significantly more abundant in organic fields than in conventional fields. 

I identified 16 orders of arthropods with an average density of 24,745 individuals per hectare 

(s.d.= 15,450). The total abundance of arthropods was slightly but not significantly higher in 

organic (26,371 individuals per hectare) vs conventional (23,117 individuals per hectare) fields 

(F1, 30=3.91, p=0.057), but not significant in hedges (F1, 30=1.64, p=0.21) or in field centers (F1, 

30=1.95, p=0.173). Araneae, Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera and 

Orthoptera were the orders found in most sites and although I examined the abundance of each of 

these orders separately, there was no significant difference in the abundance of any of the 

groups. I also found that there was no significant difference in Odonate abundance (F1, 30=0.35, 

p=0.559). But, the organic conventional ratio of both amphibian and arthropod diversity and 

abundance measures included in the study indicated that the biodiversity was higher in organic 

fields (Figure 2.3.1). 

   

 

Figure 2.4 Box plots showing effect of organic farming on: Amphibian diversity, abundance and richness; 
Arthropod abundance total, hedge and center; and Odonate abundance (from left to right). Natural logarithm of 
biodiversity ratios (organic/conventional) were used to create the box plots. 
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2.3.2 Amphibian communities in organic different from conventional  

NMDS plots of amphibians (3 axis solution, final stress = 0.136 and R2 = 0.88) in 62 fields show 

that the fields exhibit a high degree of variability. The fields are evenly scattered across the 

graph and the distance between individual organic and conventional fields vary from very close 

to each other to far away. As a whole, community composition of organic fields is not separate 

from conventional fields for amphibian in the Figure 2.3.2. That is, the organic field cluster is not 

isolated from the conventional field cluster, instead they are mixed together. Figure 2.3.2 also 

shows that the organic and conventional fields in a pair varies such that the amphibian species 

composition of the field is often more similar to a field located far away rather than its pair in the 

nearby area. 

The NMDS plot of arthropods (3 axis solution, final stress = 0.140 and R2 = 0.92) in 62 fields 

show that most of the fields are clumped towards the center (Figure 2.3.2). In general, the 

organic and conventional field clusters are not separated but rather intermixed with each other. 

The ordination of amphibians by sites (instead of plots) (Figure 2.3.3) shows that community 

composition differs significantly among locations (3 axis solution, final stress = 0.106 and R2 = 

0.93); the centroid of the effect shows that there is district-level difference in the distribution of 

amphibians. The difference between organic and conventional fields in Wayanad is generally 

smaller (the size of the individual points represents the difference between the organic and 

conventional pair) and separate from other fields. The distance between pairs in Wayanad is also 

shorter which indicates that variability between the fields was lower compared to the fields in 

other districts. 

The ordination of arthropods shows that conventional-organic pairs overlap even though there is 

variability within pairs at the same site (3 axis solution, final stress = 0.122 and R2 = 0.94) 

(Figure 2.3.3). At the district level, fields were clumped and the centroids of the fields were very 

close to each other. However, pairs in Wayanad showed consistently smaller differences and the 

spread between the pairs was also lower.   
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Figure 2.5. NMDS plot of abundance of a) amphibians and b) arthropods. Each point represents an organic (dark 
green) or conventional (light green) field. Grey arrows join organic-conventional pairs; the length of the arrow 
represents the difference in species composition. 

 

 

 

Figure 2.6 NMDS plot of 31 sites a) amphibians and b) arthropods. Each point showing the total abundance of 
(organic and conventional) amphibians in that location. The size of the points represents the Bray-Curtis 
distance between the organic and conventional fields in the same location. The colors represent districts: 
Wayanad (green), Thrissur (blue), Malappuram (black) and Palakkad (red). Lines intersect at the centroid of the 
effect in each location. 
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The MRBP results of the community composition of amphibians shows that the average 

difference between individual organic and conventional field in the same location is significantly 

different. I also tested for the variables controlled for in the field (age of the crop, days since last 

fertilizer application, number of season, farm area, number of fields in the farm, field area, 

number of fields and crop variety), which showed that these variables are not significantly 

different between organic and conventional fields within a pair (Table 2.3.1). Hence, the results 

support the assumption that the organic and conventional pairing is meaningful and fields are 

comparable. Whereas, the average arthropod community composition (order level) difference 

between organic and conventional fields was not significantly different between organic and 

conventional. 

 

Table 2. 1. MRBP results, showing the delta value and the p-value for controlled variable difference between 
organic and conventional fields, community composition of amphibian species and arthropod orders. 

Matrix Delta p-value 

Field and controlled variables 39.3 0.76 

Field and Amphibian species 29.3 0.01 

Field and Arthropod orders 257.98 0.37 

 

2.3.3 Organic farms are significantly less productive than conventional  

The average productivity of organic farms (3.75 tons/hectare with s.d.=1.55 tons/hectare) was 

approximately 76% than that of conventional farms (4.88 tons/hectare, s.d.=1.13 tons/hectare) 

(p=0.002, Figure 2.3.4). But, there was high degree of variability in both organic and 

conventional productivity, ranging from 1.73 to 8.9 tons/hectare for organic farms and 2.47 to 

7.41 tons/hectare for conventional farms. The organic-conventional productivity ratio (within the 

same pair) ranged from 0.4 to 1.5, showing the high degree of variability in productivity 

differences between the two management systems in the same location. The crop variety was not 

significant (p=0.99) (Figure 2.3.5). 
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Figure 2.7 Box plots showing the productivity (y-axis) for organic and conventional 
fields (x-axis). 

Figure 2.8 Boxplots showing the difference in productivity between conventional 
hybrid, conventional local, organic hybrid and organic local fields. Local varieties are 
traditionally cultivated and hybrids varieties are high yielding varieties 
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2.3.4 Higher biodiversity yet lower productivity 

Amphibian abundance is significantly negatively correlated with rice productivity (p=0.002, 

Table 2.3.2). Generally, a one ton increase in productivity of rice per hectare corresponds with a 

12.44% reduction in amphibian abundance per hectare.  Simpson diversity was also negatively 

related to productivity (p=0.009). As productivity increases by one ton, amphibian diversity is 

reduced by 3.93%. Amphibian rarefied species richness did not change significantly with rice 

productivity (p=0.39) (Figure 2.3.6).  The individual species Hoplobatrachus tigerinus (p=0.001) 

and Indosylvirana aurantiaca (p=0.0003) showed a significant negative relationship with 

productivity. 

 

Table 2.2. The relationship between amphibian and arthropod diversity variables and productivity. The table 
shows the slope of the productivity (t/ha) and the associated p-values (** indicates significant values) 

Taxa Productivity (slope) p-value 

Amphibian   

   Abundance -0.133 0.002** 

Diversity -0.04 0.001** 

            Species Richness -0.025 0.223 

Arthropod   

           Total abundance -0.0797 0.068 

             Hedge Abundance -0.0814 0.165 

             Center Abundance -0.0499 0.257 
 

Arthropod abundance was slightly correlated with productivity (p=0.068) (Table 2.3.2).  There 

was no relationship between arthropod abundance in the hedges or center of the organic or 

conventional fields to productivity. I considered major arthropod orders separately but there was 

no meaningful relationship between abundance of any of the groups and productivity. Random 

effects in both arthropods and amphibians was significant with a high degree of residual 

variance.  
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Figure 2.9 Linear mixed effects of the relationship between productivity and (a) amphibian abundance (p = 
0.002), (b) diversity (p = 0.001) and (c) richness (p = 0.22). The dark black line is the fitted regression line and the 
little grey lines represent the individual pairs. 

 

  

a b 

c 



30 
 

2.4. Discussion 

2.4.1 Biodiversity in organic and conventional fields 

I found that rice wetlands are important ecosystems for amphibian biodiversity in Kerala. 

Amphibians occur in high abundance and diversity in these areas. The results support the 

hypothesis that amphibian diversity and abundance in organic fields was higher than in nearby 

conventional fields, which could be a consequence of avoiding chemical inputs in organic fields. 

The high variability in the diversity and abundance of amphibians could be due to several factors 

such as the: variability in the surrounding landscape context, presence of uncultivated areas in 

the field, and intensity of management (Altieri 1999; Fahrig et al. 2011). The species richness of 

amphibians in organic fields was not significantly higher than in conventional fields, which 

could be because of the proximity of the paired fields, but the abundance of distinct species was 

higher in organic fields which resulted in significantly greater diversity of amphibians. Organic 

rice wetlands are important ecosystems for amphibians; by optimizing field management, 

reducing chemical inputs, and increasing uncultivated areas such as ponds and ditches in the 

filelds, farmers could improve ecosystem quality to conserve amphibians (Lawler 2001; Schuler 

et al. 2013). 

This study was conducted during the monsoon season, when amphibian use of the wetlands for 

breeding is high. Even though I used calls and direct sightings for amphibians, the presence of 

weeds (especially in organic fields) and high mobility of amphibians in wetlands could have 

hindered my amphibian counts. In this study, many taxa (11 out of 16 species of amphibians and 

9 out of 16 arthropod orders) were sighted in fewer than 15 locations, indicating that there is high 

spatial variability in amphibian species and arthropod order distribution in wetlands. Uneven 

amphibian distribution could indicate that the species that persist in these wetlands are those that 

have adapted to high human disturbances, and those species that were sighted infrequently could 

be at risk for future loss from these agricultural wetlands. 

According to the latest published checklist, Kerala hosts 151 amphibian species (Das 2015). In 

addition, recent studies have reported 13 new species from the Western Ghats (Garg & Biju 

2016; Garg & Biju 2017; Garg et al. 2017). In a period of three years from 2014 to 2017, 34 new 

species of amphibians were reported using new tools and technologies (Biju et al. 2014; Garg & 

Biju 2016; Garg & Biju 2017; Garg et al. 2017). Indeed, numerous species complexes that were 
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previously considered to be a single species were reclassified as multiple distinct species. A 

complex species is a group of closely related species that shows morphological resemblance but 

identification to species level needs detailed measurements and molecular analysis. I encountered 

a considerable number of amphibians in the Fejervarya and Microhyla genera which were not 

identified to species level in this study because they require more details for identification. 

Hence, under this pace of rapid discovery of new species, these species complexes could be 

classified as multiple species in the future.  

Most of the amphibian species found in the wetlands were common and of least concern 

according to The IUCN Red List of Threatened Species (Version 2017-3) categories, apart from 

one species listed as vulnerable (assessments are based on 8 to 12-year-old data). Three of the 

sixteen species are endemic to the Western Ghats while the rest of the species have wide 

distributions. Amphibian species richness in rice wetlands from my fields appears to be much 

lower (16 species) than that of nearby natural forest, which has more than 150 species in the 

reported checklist (Das 2015). However, the goal of this study was not to document the entire 

amphibian biodiversity in rice wetlands but rather to understand the difference between organic 

and conventional rice paddy wetlands. The total area of rice wetlands I surveyed is very small 

compared to the total rice wetlands in the state. These wetlands have the potential to support 

amphibian and arthropod biodiversity because of their proximity to natural areas, distribution 

throughout the state and importance of these wetlands for breeding habitat for amphibians (Dodd 

et al. 1998). Even though species richness in rice wetlands is lower than in forest areas, 

considering the high number of amphibians and arthropods using these ecosystems and the high 

degree of endemism in the forests, these wetlands can support and extend the conservation of 

biodiversity beyond protected areas for some taxa. 

This study reported more arthropods from the organic fields in comparison to the conventional 

but the difference was not statistically significant. Arthropods were only identified to the order 

level which may explain these results, because the number and type of morpho-species 

(morphological characters used to classify individuals into orders) that we observed within each 

order was quite high. The difference in arthropod abundance between organic and conventional 

pairs was very low indicating that the arthropod abundance could depend on field factors such as 

crop age, fertilizer or pesticide application date and the landscape surrounding the field. There 
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was high variability in amphibian and arthropod abundance between various locations.  There 

was no significant difference between arthropods in the hedge and center of the fields, which 

suggests that arthropods were distributed evenly on the hedges and in the center of the fields. 

Meta-analysis of the effect of organic management on a wide range of crop types and animal 

taxa showed that on average species richness increased by 30% and abundance increased by 50% 

in organic fields over conventional fields (Bengtsson et al. 2005; Tuck et al. 2014). 

 

2.4.2 Amphibian and arthropod communities in wetlands 

The results suggest that amphibian community assemblages were highly variable, depending on 

the district location. In general, the difference between organic and conventional species 

composition of amphibians was lower in Wayanad, which is located primarily in the forested 

Western Ghats region, than in fields in Palakkad, where the landscape is highly dominated by 

paddy. This could be because the large-scale paddy cultivation is more intensified hence more 

amphibians depend on organic fields whereas in a forest dominated landscape the amphibians 

depend more on the forests. Amphibian communities in Wayanad were different from other 

districts indicating that these wetlands could be important for conserving amphibians in the 

nearby forest ecosystem. Arthropod orders were not very distinct between fields, perhaps 

because orders include a wide variety of predators, prey and herbivores in the same order. More 

detailed study of individual arthropod species could reveal the differences in the arthropod 

community composition in the agricultural wetlands.  

In this study I observed regional differences in insect abundance and amphibian diversity. The 

average arthropod abundance was higher in organic and conventional fields in Wayanad. 

Amphibian abundance was similar in all the districts but the average Simpson diversity and 

rarefied richness was higher in Palakkad and lower in Wayanad. The fields in Wayanad were 

smaller but were divided into greater number of fields by hedges hence the percent of hedges in 

the field was very high which could be one of the reasons for the observed differences in 

arthropods and amphibians. Increased uncultivated areas within the field can increase 

biodiversity (Bengtsson et al. 2005; Coda et al. 2015). In my study, arthropod abundance was 

higher in fields with more uncultivated plants and amphibians were higher in fields with higher 

amount of water in the fields. 
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2.4.3 Lower productivity in organic farms  

The results from the study support the hypothesis that the overall organic farm productivity is 

significantly lower than that of conventional farms, by 1.13 tons per hectare on average.  The 

reduced organic yield could be because organic farmers only used plant and animal by-products 

to meet nutrient requirements and control pests on their farms. My results are in accord with 

other studies showing that organic management reduces agricultural productivity (Badgley et al. 

2007; de Ponti et al. 2012; Gabriel et al. 2013). Meta-analysis suggests that, on average, organic 

yields are 80% that of conventional yields but the variation is high, depending on the crop type 

and geographical region (de Ponti et al. 2012). 

In developing countries, Badgley et al. (2007), debated that organic productivity could be higher 

than conventional productivity, perhaps because organic management is incorporated with a 

wide variety of management practices like agroforestry, water management, and crop rotation. 

Incorporating leguminous crops in the field could also increase productivity of organic farms 

(Badgley et al. 2007). Where I sampled, farmers used leguminous crops and vegetables such as 

peas and Sesbania bispinosa (a leguminous plant) but many of the conventional farmers also 

used similar legumes, which could be why the effect was not visible in this study. The cultivation 

of leguminous plants was secondary for the farmers, used primarily for household use and was 

only done occasionally, hence the data were not included in the analysis.  

Across diverse agricultural products, cereals and annual vegetables have been shown to have 

particularly high drops in productivity in organic systems (Tuck et al. 2014). The effect may 

differ by crop type, however, with Pondi and colleagues (2012) reporting that organic rice 

performance was higher than other crops like organic wheat. The magnitude of the productivity 

gap found in my study is highly variable, which along with the variation in biodiversity will be 

examined with respect to differences in the surrounding landscape context in the next chapter. 

Since the fields in this study are within the same state and the survey was conducted in the rainy 

season (June to December), I believe that the variability due to precipitation is of lower 

magnitude than the variability in landscape context, in driving the productivity gap. 

Two-thirds of organic farmers used traditional crop varieties, which have lower productivity in 

general, yet even organic farmers using hybrid varieties (11 farmers) had reduced yields. Most 

conventional farmers used hybrid varieties (26 farmers) and very few used local varieties (5 



34 
 

farmers). Crop variety seemed to be a crucial factor driving productivity but as there were few 

organic farmers using hybrid and few conventional farmers using local crop varieties, the 

comparisons between them and the conclusions that can be drawn are limited. 

The productivity of agricultural systems is very important because of the increasing global 

demands for higher food production. Since the human population is increasing dramatically, 

agricultural production needs to increase accordingly, but the effect of agricultural intensification 

on ecosystems needs to be minimised (Foley et al. 2011). If organic productivity is significantly 

lower than that of conventional systems, the choice will be between increasing the area 

cultivated under organic farming or using conventional agriculture on a smaller land base 

(Foresight, 2011). The results showed productivity differences to be highly variable in distinct 

locations for rice. The productivity could be increased by providing the optimum management 

practices and growing conditions (Seufert et al. 2012) and by promoting more uncropped areas 

like hedges and ponds (Fuller et al. 2005; Norton et al. 2009). Theses uncropped areas may act as 

refuge sites for a wide range of animal taxa, which could benefit productivity through biological 

control of the pests in the rice fields. Under the present circumstances in Kerala, there is a large 

amount of rice wetlands being abandoned due to excessive cost of production and lack of 

labourers; these areas could be used for meeting the production goals coupled with intercropping 

and mixed cropping during the non-rice season, which could increase overall productivity.   

Reduced productivity of organic farms was found to be different in different agricultural 

systems, soil characteristics, and other growing conditions (Stanhill 1990; Seufert et al. 2012). 

Better understanding of the organic effect requires a wider range of studies in different 

agricultural systems, taxa studied and from tropical and developing countries. Organic farming 

has been increasing throughout the globe for the past few decades. Kerala is in a developing 

country with a tropical climate and the landscape is very different, which makes this study 

unique and adds to our knowledge of the effects of organic agriculture on productivity. In my 

study the ratio of organic productivity to that of the conventional productivity varied from 0.5 to 

1.2. Even though the variability is small the reason for that could be the organic and conventional 

farms were similar in terms of use of other vegetables in their farm and close to each other. 
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2.4.4 Biodiversity-productivity trade-off 

Agriculture covers a considerable portion of the land globally and is important for humans. 

Conserving wildlife in these regions is also important because it plays a significant role in 

ecosystem services such as pest control and pollination. Although intensifying agriculture by 

using agrochemicals has led to increased productivity, these inputs have reduced abundance and 

diversity of many groups of wild organisms (Relyea 2005). Hence there is a trade-off between 

biodiversity conservation and productivity, the latter of which cannot be sacrificed from a 

farmer’s perspective. The effect on biodiversity is always fluctuating (Willig 2011) depending 

upon the group of organisms studied (Gabriel et al. 2013), the type of agricultural system 

studied, and the location of the study.  

The results from this study support the hypothesis that lower productivity is coupled with greater 

amphibian biodiversity in organic farming. The decrease in productivity is an overall 

consequence of organic management (Seufert et al. 2012) and my results also support this. In this 

study, the results have shown that there is a direct relationship between amphibian abundance 

and productivity of rice in rice wetlands in Kerala. There was no meaningful relationship 

between arthropods and productivity, however, which could be because I only identified these to 

order level.  

Rice wetlands are anthropogenically constructed wetlands and hence require agricultural 

cultivation to maintain the wetland qualities. These wetlands provide various ecosystem services 

such as flood control, maintenance of the water table, and purification of incoming water from 

nitrogen and phosphorous (Natuhara 2013). Abandoning rice wetlands causes increased 

urbanization (because of the land being converted by the farmers to build houses) and 

eutrophication (Czech and Parsons 2002). Higher rates of secondary succession in these 

abandoned rice fields could cause habitat loss for many aquatic groups such as frogs, fishes and 

aquatic arthropods (Natuhara 2013). Rice wetlands under organic management have improved 

water purification capability (Shibahara 2010). In Kerala there are large areas of paddy fields 

that are abandoned and used for other agricultural practices. From the perspective of Kerala, 

there is a need to cultivate these abandoned rice fields to prevents the loss of wetland properties 

through succession in these areas. Considering the higher biodiversity in organic fields, these 

areas could act as refuge or shelter compared to conventional farming and help maintain 
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biodiversity particularly in large-scale cropland landscapes. Overall, organic farming results in 

increased biodiversity and reduced productivity hence, more areas need to be considered for 

agricultural production to meet the productivity of conventional farming. Land should be shared 

for biodiversity conservation and for food production since the protected areas would not be 

enough for biodiversity conservation in the future. Converting the entire cultivation to organic 

may result in considerable reduction in food production hence the number of organic farms 

should be less so that the biodiversity in rice wetlands can be conserved with minimum sacrifice 

to productivity. 

 

2.5 Conclusion 

Rice is one of the most widespread crops in the developing world. According to IRRI (2013), 3.5 

billion people depend on rice as a staple food and part of their livelihoods. In Kerala, rice 

wetlands are an important part of the mosaic landscape. My study suggests that rice wetlands 

support high biodiversity of amphibians and arthropods; the overall biodiversity of amphibians 

could be increased by organic management in these ecosystems. The increased biodiversity 

under organic management is coupled with reduced productivity of rice from these fields, which 

also depends on the crop variety used by the farmers. My study also indicates that there is a 

direct relationship between reduced productivity and increased amphibian diversity and 

abundance.  

Organic rice wetlands could be one of the conservation measures for biodiversity considering the 

global spread of rice wetlands from highly human disturbed areas to areas near natural forests in 

many of the developing parts of the world like Kerala. Rice wetlands in Kerala and in many parts 

of the world are disappearing due to inflated cost of production and housing developments. The 

results suggest that promoting organic farms in the area could increase the biodiversity of that 

area. I suggest that using agricultural land for conservation of biodiversity is essential because 

increasing human population could exert more pressure on biodiversity and the existing 

protected areas would not be enough for preventing future biodiversity loss. Thus, organic 

farming, or wildlife friendly farming, could be a key tool for sharing land for food production 

and biodiversity conservation.   
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Chapter 3. Forests Surrounding Rice Paddies Support Biodiversity 

and Agricultural Productivity 

 

3.1. Introduction 
Agricultural ecosystems are not isolated systems, but are embedded in larger landscapes that 

mediate many functions and processes (Burkhard et al. 2009). Landscape context includes the 

amount and spatial arrangement of habitat patches in the landscape, and can affect the regional 

population size and distribution of many species and taxa (Holland et al. 2004; Jackson & Fahrig 

2014). Greater habitat within close vicinity enables better dispersal and survival for arthropods, 

birds and mammals in agricultural landscapes (Benton et al. 2003). Particularly in human-

dominated landscapes, higher heterogeneity of habitats can support biodiversity by distributing 

the favourable habitat throughout the landscape (Tscharntke et al. 2002). For example, 

landscapes with more forest patches and field margins have been shown to have improved 

biological control (Östman et al. 2001). Thus, landscape heterogeneity can increase biodiversity 

in agroecosystems, which can in turn better support ecosystem services such as carbon storage, 

pollination, pest control and increased biomass, thereby increasing agricultural productivity 

(Burkhard et al. 2009; Gamfeldt, et al. 2013; Franceschinelli et al. 2017). 

The effect of landscape context is particularly acute in agricultural landscapes. Agricultural 

extensification affects landscape context by potentially clearing larger areas, while agricultural 

intensification results in broad-scale monocultures, reducing heterogeneity in farms. Biodiversity 

can be greater in more heterogeneous agricultural landscapes than in simpler landscapes 

(Roschewitz et al. 2005). Organic management, which reduces or avoids the use of chemicals, 

reduces agricultural impacts on ecosystems and has shown positive effects on biodiversity. Meta-

analysis shows the impacts of organic farming on biodiversity vary by organism group, crop 

type, and land-use intensity (Tuck et al. 2014). The greatest benefits are seen for predators within 

the vicinity of cereal crops (Tuck et al. 2014).  

The composition and configuration of favourable habitat necessary to conserve biodiversity 

differ by organismal group. For example, retaining 20% of habitat in agricultural landscapes can 

increase pollinator populations (Banaszak 1992), while increasing uncultivated areas from 5 to 



38 
 

30% can lead to increases in various groups of arthropods (Kretschmer & Hoffmann 1997).  

Furthermore, a landscape with numerous smaller habitat patches may be favoured by groups that 

prefer scattered small patches throughout the landscape, but be insufficient for other organisms 

that require larger habitat patches (Tscharntke et al. 2005; Tscharntke et al. 2012). Species with 

relatively smaller body size and less mobility responded to local landscape extent while others 

such as birds and mammals responded to much larger landscape extent (Bowman et al. 2002; 

Tscharntke et al. 2005; Jackson & Fahrig 2012). This variation in response is highly correlated 

with species traits such as dispersal, home range size, and landscape features (Bowman et al. 

2002; Holland et al. 2005; Ricci et al. 2013). Therefore, identifying the scale of maximum 

effect—the extent of the landscape around a focal site at which the relationship between 

biodiversity and landscape context is highest—is necessary for effective management of 

biodiversity at the landscape level (Holland et al. 2004; Jackson & Fahrig 2012; Jackson & 

Fahrig 2015). 

In Chapter 2, I showed that organic management could lead to better biodiversity outcomes but 

usually at the expense of crop productivity. How landscape context mediates this relationship is 

not well known. There is variability in the rice productivity in organic management compared to 

conventional management, and it depends on the location and crop type. When organic and 

conventional farms are identical with respect to all the variables except for management, there 

was a higher drop in productivity than in systems in which organic and conventional are different 

in other variables such as crop type and diversity (Seufert et al. 2012). Hence, while there is 

often a trade-off between biodiversity and agricultural productivity on farms, organic 

management on the other hand has higher biodiversity and reduced productivity compared to 

conventional farming. Amphibian richness and abundance in agricultural farms showed a 

positive relationship with increasing forest cover in the landscape (Collins & Fahrig 2017). 

Agroforestry systems like homegardens in Kerala may also cause variability in diversity and 

abundance in nearby agricultural fields since the higher tree species richness in homegardens 

could increase productivity through ecosystem services such as pest control (Gamfeldt et al. 

2013). This variability in biodiversity and productivity needs further investigation to understand 

the factors responsible for these variations.  
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Few studies have examined the influence of landscape context of organic farming on biodiversity 

and productivity in agricultural systems, especially simultaneously. In the previous chapter, I 

found that organic fields generally had higher amphibian and arthropod diversity, but that these 

differences were highly variable. To assess how much of this variability can be explained by 

landscape context, in this chapter, I further evaluate the effect of landscape context (in terms of 

percent forest cover and spatial arrangement of the forest patches) on biodiversity and 

agricultural productivity in conventional vs organic farm fields in Kerala, India. My study 

addresses the following hypotheses: 

1. higher biodiversity in organic farming compared to the conventional fields will be lower 

in forest dominated landscapes 

2. the difference in productivity between organic and conventional farms will be lower in 

forest dominated landscapes  

3. greater landscape heterogeneity of forest patches will reduce biodiversity differences 

between organic and conventional fields.  

 

3.2. Methods 

3.2.1 Study context 

Kerala, a state in southern India, has an area of 38,863 km2 and a population density of 860 

people per square kilometer, more than twice the national average (2011 census data from 

Census of India). The landscape is a mosaic of mixed land uses including forests, paddy rice and 

other crops, buildings, roads and water. Forest cover in the state is a combination of forests and 

tree-dominated agroforestry systems called homegardens, which play a vital role in supporting 

biodiversity (Coyle, 2015). Homegardens in Kerala are ecologically and agriculturally diverse, 

and include crops such as coconut, arecanut, banana, jackfruit, mango, curry leaves and others 

(Fox et al. 2017). In contrast, croplands are usually monoculture systems, dominated by rice 

cultivation but also including vegetables and other crops. Rice is the staple food in Kerala and 

the most important food crop in the state (Viswanathan 2014). Rice wetlands dominate low-lying 

areas in the landscape and are considered a type of wetland (Hendrickson 2003) with intensive 
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agriculture making heavy use of pesticides and fertilizers. Due to the increasing population, the 

landscapes are very dynamic; for instance, many of the croplands are being abandoned and 

replaced by other land uses like buildings and tree crops (Fox et al. 2017). 

Despite this high level of anthropogenic modification, Kerala is characterized by high 

biodiversity of flora and fauna (5725 endemic species), much of it within the Western Ghats 

biodiversity hot spot (Kerala Forest and Wildlife Department 2013). The main land cover types 

in the state are forest (29.1% in 2013; Kerala Forest and Wildlife Department 2013) and cropland 

(Figure 3.2.1). The state has a tropical climate with monsoon rains (3000 mm annually) from 

June to December, and annual average temperatures ranging from 20 to 37 degrees Celsius. The 

state is bordered by the Arabian sea in the west and hilly Western Ghats on the east making the 

landscape a gradient of altitudes from close to zero in the west to about 2500m in the east. 

The study was conducted in four districts in Kerala: Malappuram, Palakkad, Thrissur and 

Wayanad (Figure 2.2.1). The field locations included in this study are very diverse in 

composition and configuration of different land covers.  Fields in Wayanad (n=6) were at a 

higher elevation with low population and dominated by homegardens.  Fields in Palakkad were 

either in the Western Ghats region (n=2), a mountainous region with high homegarden 

dominance in the landscapes surrounding the sampled fields, or in the Palakkad Gap (n=5), a 

low-lying pass that breaks the Western Ghats mountains, has lower forest cover and is dominated 

by rice wetlands (Figure 3.2.1). Malappuram and Thrissur are variably dominated by 

homegardens and rice fields. Out of 31 locations included in the study, about a third were highly 

forested, primarily in Wayanad (6 fields), Thrissur (2 fields) and Palakkad (2 fields). 

 

3.2.2. Biodiversity & productivity sampling 

I sampled amphibians in five 10*10m quadrats and arthropods in four 20m transects in both 

organic and conventional fields. Paired fields were sampled on the same day. Amphibians were 

sampled using direct observations and calls; arthropods were sampled by sweep netting (50 

sweeps) coupled with direct observations (20m in each transects). I surveyed Odonates 

separately due to their higher mobility by direct observations while standing in the center of the 
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field. I also collected the average rice productivity in each farm with the help of the farmers (see 

Chapter 2 for detailed explanation of biodiversity and productivity sampling methods). 

I calculated amphibian abundance (total number of individuals), Simpson diversity (using R 

package vegan) and rarefied species richness (field level) (using the R package vegan) for each 

field. For arthropods, I calculated total abundance, hedge abundance and center abundance 

separately for each field. For Odonates, I calculated the total abundance in each field. I 

calculated productivity of rice as tonnes per hectare from the total rice produced reported by 

farmers.  Biodiversity and productivity data were transformed into natural logarithm of response 

ratios (organic divided by conventional) as the response variable to capture the variability in the 

effect of organic farming at each site. 

 

3.2.3. Sentinel 2 image analysis  

In order to make a land cover map of the study location satellite imagery was needed. 

Furthermore, due to the nature of tree canopy and surrounding forests high spatial resolution 

imagery was needed. The spatial resolution of Sentinel 2 (10m) was useful in distinguishing 

agricultural croplands from forest cover such as homegardens and forest. Six Sentinel-2 multi-

spectral remote sensing images were chosen to cover all the study locations. Selected images 

were all taken during February 2017 (Appendix 3) to minimise seasonal differences in the 

images and to represent landscape features as close in time to when field sampling was 

conducted. I made a composite image in ArcMap for each of the six images separately, by 

combining 4 bands (red, green, blue and near infra red, each having 10m spatial resolution) and 

excluding bands with coarse spatial resolution (20m and 60m resolution).  
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Figure 3.1. Example of a classified image showing the surrounding landscape in a 4 km radius around a field site 
in A) forest dominated landscape, Wayanad, B) mixed forest and cropland site in Thrissur, C) site with a gradient 
of forest cover in the Western Ghats, Palakkad and D) crop dominated landscape in Palakkad.  

 

  



43 
 

I conducted a pixel-based maximum likelihood supervised classification for each image 

independently using ENVI (version 5.4, Exelis 2016). The size of individual pixels were 

10*10m; hence to include small land cover types such as buildings, roads and ponds, I used 

individual pixels as training points. Images were classified into five classes using training data 

composed of > 200 manually-selected individual pixels identified using Google Earth throughout 

Kerala. Images were classified into: (1) forest areas, which are composed of homegardens, 

plantations and forests; (2) cropland, areas that have major cultivation such as rice; (3) barren 

land, areas which have no vegetation with exposed soil; (4) urban land, which includes buildings, 

roads and other human constructions; (5) water, which includes rivers, lakes, reservoirs, ponds 

and other water bodies.  

An accuracy assessment was conducted using independent validation data for a minimum of 200 

pixels for each class. Google Earth was used to manually select locations for validation, 

independent of the training pixels. The number of pixels used for each land cover class was 

weighted according to the abundance of each class in the image. For example, more than 3000 

training pixels were used for a major land cover class such as forest or paddy, whereas about 300 

to 700 pixels were used for training buildings and barren land. I created confusion matrices using 

ENVI and reported the overall accuracy and Kappa coefficient for each image (Appendix 4).  

  

3.2.4. Quantifying landscape context: composition and configuration of 
forest cover 

In order to characterize landscape context surrounding fields, I used the classified imagery to 

quantify the amount and arrangement of the forest cover class. I only examined composition and 

configuration for this one class because forest cover was assumed to be the most important for 

influencing biodiversity; moreover, there was a high degree of correlation among proportions of 

different land covers in the landscape. To quantify landscape context, I used Fragstats 4.2 

(Mcgarigal & Ene 2013) to extract several landscape metrics for this class within a circular 

radius surrounding each field. Forest composition was represented as percentage area of forest 

land cover (PLAND). Forest cover configuration was quantified in three ways: 1. area weighted 

mean forest patch area (Area_AM); 2. interspersion-juxtaposition index (IJI), which measures 

how intermingled the forest land cover is with other land covers, (i.e., the higher the 
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interspersion, the greater the intermixing of patches with other land covers); and 3. clumpiness 

index (CLUMPY), which measures how clumped the forest land cover patches are in the 

landscape (where values closer to 1 mean the forest patches are more clumped towards each 

other and values closer to -1 indicates that the forest patches are far away from each other).  

Because I was also interested in examining the impact of landscape context over differing spatial 

extents, I demarcated five concentric radii (of 250, 500, 1000, 1500 and 2000m radius) around 

each sampled field using ArcMap (Figure 3.2.2). I calculated each of the measures of 

composition and configuration for these five radial extents. 

 

 

3.2.5. Statistical analysis 

3.2.5.1. Effective radius 

The effect of landscape context can vary with the size of the radius surrounding the sampling 

point, hence it is important to determine the radius size with the maximum effect, also called the 

effective radius (Jackson & Fahrig 2015; Miguet et al. 2016). I identified the effective radius size 

Figure 3.2 Forest land cover (green) throughout the state of Kerala (left) and enlarged portion of the site 
showing the radii used in analysis: 250, 500, 1000, 1500 and 2000 (from the inside) 
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using linear regression to predict the abundance of arthropods and amphibians (separately) as a 

function of percent forest cover at each radius. I used the slope of the curve, the p-value and R2 

values to select the effective radius in each scenario (Appendix 5). I used the package ggplot2 

(Wickham 2009) graphics to create the graph of the effective radii.  

 

3.2.5.2. Landscape level effect of organic farming 

To test my first hypothesis, that biodiversity increases with percent forest cover and interspersion 

juxtaposition index, I used simple linear regression with biodiversity and productivity as 

response variables as explained by: percent forest cover (landscape composition) and 

interspersion juxtaposition index (landscape configuration) at their effective radii sizes. I 

conducted the analysis for organic and conventional separately.  

To test my second hypothesis, that the added benefit of organic farming is lower as percent forest 

increases, I used a Linear Model approach. The response variable was the natural log of the ratio 

of organic-conventional for all amphibian and arthropod diversity measures. The explanatory 

variables were landscape composition (PLAND) and configuration (IJI, CLUMPY and 

AREA_AM).  

I also tested whether percent forests in the landscape improved productivity of the organic farms. 

I used a Linear Model with organic-conventional productivity ratios as the response variable and 

PLAND, IJI and CLUMPY as explanatory variables. Models were fit using backward/forward 

model selection based on the AIC values in R studio. 

 

3.3. Results 

3.3.1. Effective radius 

For amphibians, I identified 500m as the effective radius (p-value = 0.03) based on the p-value 

and the slope of the curve. Amphibian abundance was negatively correlated with percent forest 

cover for all radii (Figure 3.3.1). The slope consistently increased from 2000m until 500m and 

then decreased at 250m. There was a significant correlation between amphibian abundance and 

percent forest cover at the 250m radius (p-value = 0.032) but the slope was lower, and the p-
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value was higher than at the 500m radius. Hence, I chose the 500m radius to examine the effect 

of landscape on the effect of organic farming in further analysis. 

The abundance of arthropods and Odonates was negatively correlated with percent forests in all 

radii, but none were statistically significant. There was no effective radius showing convergence 

in slope, hence the landscape effect on organic farming for arthropods and Odonates was not 

included in the study. 

Productivity showed a strong, statistically significant, positive slope for every radius size 

analysed. I selected 1000m as the effective radius size for productivity based on the higher slope 

and the lowest p-value (0.0006). Thus, all subsequent analysis of the effect of landscape context 

on productivity used an effective radius of 1000m.  
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Figure 3.3 Slope of the relationship between amphibians, arthropods, Odonates and productivity vs percent 
forest cover in different radii 

 

3.3.2. Effect of landscape on overall biodiversity and productivity 

Overall variation in amphibian abundance (organic and conventional) was not correlated with 

landscape composition (p = 0.89) or configuration (p = 0.12) in the 500m surrounding landscape 

(Figure 3.3.2). Amphibian abundance in organic fields did not change significantly (p = 0.34) 

with percent forest cover but there was a significant increase in amphibian abundance in 

conventional fields (p = 0.05) as percent forest cover increased. There was no correlation 
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between interspersion juxtaposition index and amphibian abundance in organic (p = 0.84) or 

conventional fields (p = 0.34).  

Overall variation in rice productivity was not correlated with landscape composition (p = 0.77) 

or configuration (p = 0.41) in the 1000m surrounding landscape. Productivity of rice in 

conventional farms was not correlated with either percent forest cover (p = 0.31) or the 

interspersion juxtaposition index (p = 0.99). But there was perhaps an increase in the 

productivity of rice in organic farms as percent forest cover (p = 0.08) increased but not with 

interspersion juxtaposition index (p = 0.12). Overall, organic and conventional productivity did 

not respond to the changes in the surrounding landscape.  
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Figure 3.4 Biodiversity (A, B) at 500m radius and productivity (C, D), 1000m radius patterns vs. landscape 
configuration and composition. Axes are as follows: Left column - percent forest cover; Right column - 
interspersion juxtaposition index.  Organic farms shown in (red) and conventional (black). The p values are A 
(organic, p = 0.34; conventional p = 0.05), B (organic, p = 0.84; conventional p = 0.34), C (organic, p = 0.08; 
conventional p = 0.31), D (organic, p = 0.12; conventional p = 0.99) 

 

3.3.3. More forest patches reduce the difference in biodiversity and 
productivity between organic and conventional fields 

The organic-conventional ratio for amphibian abundance (i.e, the ratio of amphibian abundance 

in the organic field to the amphibian abundance in its paired conventional field) was inversely 

correlated with percent forest in the surrounding landscape (p=0.03, Figure 3.3.3). The organic-
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conventional ratio was not related to interspersion (p=0.15). Percent forest cover and 

interspersion (IJI) were the two variables selected in the model but since the two were correlated 

(r= 0.55) I tested each variable separately. The organic-conventional ratio for amphibian 

diversity was not related to percent forest (p=0.82) yet increased with increasing interspersion (p 

= 0.049). The organic-conventional ratio for amphibian rarefied species richness did not show a 

meaningful relationship to any of the landscape variables. 

Productivity differences between organic and conventional fields were related to landscape 

context. The organic-conventional ratio for rice yields increased with greater percent forest in 

both 500m (p = 0.006) and 1000m (p=0.0006) radii (Figure 3.3.3). The organic-conventional 

productivity ratio also increased as IJI increased with borderline significance (p=0.052). 

CLUMPY and area weighted mean forest patch area were not significant for organic-

conventional ratios for either biodiversity or productivity in any of the models. 
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Figure 3.5 Biodiversity ratio (organic / conventional) (A, B) at 500m radius and productivity ratio (organic / 
conventional) (C, D), 1000m radius patterns vs. landscape configuration and composition. Axes are as 
follows: Left column - percent forest cover; Right column - interspersion juxtaposition index.   

 

3.4. Discussion 

3.4.1. Landscape context should not be ignored 

Agricultural ecosystems are not isolated from their surrounding ecosystems, but interact with 

each other through exchanges in biodiversity, water and nutrients. Rice paddy wetlands also 

receive hydrologic inputs from the surrounding landscape, and biodiversity in nearby ecosystems 

benefit from linkages with these wetlands. To better understand the relationship between 
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ecosystems and their surrounding landscape, the extent of the landscape at which the biodiversity 

or productivity is maximum needs to be identified (Ricci et al. 2013). Hence, ecosystem studies 

should not ignore the surrounding landscape context of focal sites and should also examine 

multiple radii to identify the effective scale of such impacts (Jackson and Fahrig 2015). When 

explaining the effect, the radius at which the effect is at a maximum should be identified so that 

it will result in better interpretation and understanding of the effect and for future management 

decisions at landscape level. 

While it is strongly recommended that the effective radii included in a study are meaningful with 

respect to ecological factors such as dispersal distance, home range, body size and other indirect 

factors that could predict the extent of landscape, these factors are not frequently tested (Jackson 

& Fahrig 2015; Miguet et al. 2016). Jackson & Fahrig (2015) showed that the average of the 

effective radii for amphibians and arthropods was about 500m, and the range of scales analysed 

in different studies are very broad. In this study, I included five different radii of landscape 

context surrounding the focal site, ranging from 250m to 2000m to identify the effective radius. 

My results also indicate that amphibian abundance were most significant at 500m which suggest 

that including a narrow range of radii without biological reasons could result in not finding a 

biodiversity-landscape relationship. The effective radius is determined by the surrounding 

landscape characteristic and could be species specific, hence multiple scales should be studied 

(Holland et al. 2004; Jackson & Fahrig 2015). 

My results suggest that amphibians in organic rice wetlands in Kerala are most affected by 

surrounding forests within 500m of the field, similar to an extensive meta-analysis which also 

showed that mean amphibian abundance is responsive to landscape structure within 500m 

(Jackson & Fahrig 2015). This could be because forest within 500m would be the accessible 

habitat for species dispersal for amphibians in rice wetlands in Kerala. Hence, there is ample 

evidence that amphibian wetlands conservation in Kerala should emphasize landscape level 

protection and management at this spatial extent in particular. In contrast, variation in arthropods 

and Odonates did not show any correlations with landscape contextual features. The diversity of 

morpho-species identified from my study was very large suggesting that there could be variation 

in the arthropod abundance and richness at the species level requiring more detailed study. 
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The productivity ratio between organic and conventional farms showed highly significant 

responses with forests in the surrounding landscape over all the radii examined. This broad level 

of significance implies a synergistic “win-win” whereby landscape-level management for a wide 

range of taxa could potentially improve agricultural productivity within fields. Higher 

productivity through biological pest control in organic fields could be the reason for reduced 

productivity difference between organic and conventional fields in forested landscapes compared 

to less forested landscapes. Landscape context is specific to the organismal group studied, so, 

these results could vary even for the same forest cover scenario with respect to different taxa and 

agricultural systems. The variation in organic and conventional productivity in response to the 

landscape context is little studied but is worthy of more research as the low productivity of 

organic farming is a major concern limiting its adoption in many areas.  

 

3.4.2. Overall biodiversity and productivity unaffected by landscape 

In general, amphibian abundance in organic and conventional fields was not affected by 

landscape context, either in regards to percent or interspersion of forest cover in the landscape. 

High variability in the surrounding landscape context could be the reason for no overall variation 

in amphibian abundance between organic and conventional. If there is high variability in 

surrounding landscape context, the overall effect due to management could be trivial (Bengtsson 

et al. 2005). There was high variability in amphibian abundance, which could be related to other 

field-level variables such as the amount of water, crop age, and microhabitats.  

My results indicate that the overall amphibian abundance in organic fields was not enhanced by 

landscape context, yet in conventional fields amphibian abundance increased with higher forest 

cover. That is, conventional fields with less forest in the surrounding landscape had lower 

amphibian abundance compared to the conventional fields with more forest in the landscape. 

This suggests more forest cover in the landscape surrounding rice wetlands could mitigate 

negative effects of agricultural intensification on biodiversity.  

Rice yields in conventional farms showed no changes with landscape context yet organic yields 

increased with percent forest in the landscape. This could be because conventional productivity 

is mainly backed by heavy agrochemicals whereas significantly lower productivity of organic 
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fields benefits more from nearby ecosystem services such as pest control and nutrient exchange. 

Altogether, my study indicates that rice wetland biodiversity and productivity are not 

significantly affected by the surrounding landscape context. But there is variability in amphibian 

abundance and yield of rice between different locations.  

I observed a correlation between landscape variables included in the study. Percent of forests in 

the landscape was correlated with the interspersion. All variables included in the study are 

correlated to varying extents. Landscape composition and configuration are not independent 

especially when the lower and upper limit of composition is very wide. In my study, I believe 

that landscape context could be correlated to other features in the field such as the soil 

characteristics, weed abundance and diversity, microclimate and other growing conditions. For 

example, I observed that in Wayanad, the fields had higher forest cover in the surrounding 

landscape also had higher weed abundance. 

 

3.4.3. Biodiversity-productivity trade-offs can be reduced by 
consideration of landscape context  

My results show that the organic-conventional ratio for amphibian abundance was inversely 

correlated with forest cover. This indicates that the percentage of forest cover in the landscape 

reduces the difference in amphibian biodiversity between organic and conventional rice wetlands 

in Kerala. Forest in agricultural landscapes is known to facilitate mobility between different 

habitat types during seasonal migration of amphibians (Fahrig et al. 2011; Nowakowski et al. 

2013). My results also indicate that conventional amphibian abundance is positively correlated to 

percent of forest in the landscape, which suggests that forest in the surrounding landscape 

improves quality of habitat for amphibians in conventional fields. But this increase in amphibian 

abundance is not significant in organic fields. The result is consistent with other studies that 

show forest in the surrounding landscape increase amphibians in agricultural ecosystems (Guerry 

& Hunter 2002; Porej et al. 2004; Collins & Fahrig 2017).  

The amphibian diversity ratio was positively correlated with the interspersion-juxtaposition 

index. That is, when the forest patches are more intermixed, the organic and conventional farms 

have more difference in amphibian diversity than when the patches are less intermixed. The 

variability in landscape configuration need to be better understood because higher intermixing of 
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natural areas increases landscape heterogeneity. Higher landscape heterogeneity enhances faunal 

diversity (Fahrig at al 2011). In this study, the variability due to percentage of forest in the 

landscape is very high which could be the reason that interspersion is not significant. Hence, it is 

suggested that studies on the effect of landscape configuration should control for the variability 

in landscape composition. I used percent of forest in the landscape to identify the effective 

radius, which may mean that the effect due to interspersion could be better explained using a 

different radius to determine landscape context. 

My work showed no relationship between biodiversity or productivity ratios and the area 

weighted mean size of the patches or clumpiness of forest cover. Organic fields with higher 

forest cover showed higher productivity while the biodiversity increase was not as high in fields 

with lower forest cover. This could be because the forest in the surrounding landscape increases 

pest control in the farms. The surrounding forests could also improve the soil properties through 

exchange of nutrients and other growing factors.  

The variation between organic and conventional biodiversity and productivity was not significant 

when average organic outcomes was compared to average conventional outcomes. But when the 

organic fields are compared with their paired conventional fields, the effect was significant for 

both amphibian abundance and productivity. This indicates that the difference between organic 

and conventional fields need to be compared in pairs (i.e. organic conventional ratios) to better 

understand the difference in biodiversity and productivity. That is, the trade-off between 

biodiversity and productivity can be reduced by managing the surrounding landscape context for 

more forest cover and more intermixing of forests which can act as refuge sites for a wide range 

of taxa. The results are in agreement with others who also found that increasing uncultivated 

areas in the landscape will increase biodiversity (Bengtsson et al. 2005). The influence of the 

surrounding landscape could go unnoticed if landscape configuration and composition are not 

considered when examining biodiversity or productivity gaps between organic and conventional 

fields. 

The results may differ for different systems, organismal groups, and regions. Hence, there is a 

need to better understand the variability in the trade-off between biodiversity and productivity 

from a landscape perspective. Biodiversity of organic fields in forest dominated landscapes will 

be more similar to that of the conventional field in the same landscape and vice versa. Crop 
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diversification is also found to reduce trade-offs between biodiversity and productivity in 

agricultural fields (Iverson et al. 2014). The fields in my study are paddy fields and the 

surrounding forest cover in the landscape is homegardens in Kerala, which are forest dominated 

agroecosystems rich in biodiversity (Coyle 2015). 

 

3.5. Conclusion 

My results support the need to include multiple scales with biological justifications to identify 

the biodiversity-landscape relationship. The scale at which the relationship is best explained will 

depend on the taxa and landscape context. My study suggests that we need a better understanding 

of the effect of organic farming, in particular to understand the factors driving variability in 

biodiversity abundance and productivity of agricultural crops. Through this study, I suggest that 

it is not only about how the fields are managed and what crops and biodiversity are studied, but 

also where the fields are located—the surrounding landscape of the fields also matters. 

Comparisons between organic and conventional systems need to be done in pairs rather than 

comparing overall differences. Land-use policies should consider including management of the 

surrounding landscape before making decisions. 
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Chapter 4. Conclusion and Future Research 

 

Though the practice of rice cultivation began about 10,000 years ago, it is still one of the most 

important economic activities in the world, with more than 1000 varieties world-wide (Maclean 

et al. 2013). About 3.5 billion people depend on rice as a major food source, the majority of 

which are from the low and middle-income countries. India and China are the major rice 

producing countries in the world (Maclean et al. 2013). Rice paddy wetlands are a central part of 

the Kerala landscape, and are important in providing benefits to people both economically and 

ecologically. Rice cultivating areas are manmade wetlands undergoing intense agricultural 

activities; abandoning or converting these areas may result in the loss of wetland ecosystem 

services. In this thesis, I used quantitative methods to compare biodiversity and productivity of 

organic and conventional rice wetlands in Kerala. I also examined the variability in the 

biodiversity and productivity between organic and conventional fields in various locations and I 

studied how much of this variability is explained by landscape variables such as the amount and 

arrangement of forests in the landscape.   

 
4.1. The scale of land sharing vs land sparing matters 

In chapter 2, I addressed two main questions. First, does organic farming increase biodiversity of 

amphibians and arthropods in rice wetlands in Kerala? My results agreed with the general 

consensus about the effect of organic farming: that the biodiversity in organic fields is greater 

than conventional fields. Secondly, does organic farming reduce rice productivity? I found that 

organic productivity is significantly lower than conventional. Hence, future management 

decisions in conserving biodiversity in rice paddy wetlands need to consider the trade-off 

between biodiversity and productivity. That is, management decisions should address the 

question of whether we should prioritize feeding ourselves or reduce the trade-off to retain some 

biodiversity in these areas. 

Under the current situation the ever-increasing human population will continue to cause more 

and more threats to biodiversity in the future. Under the land sparing scenario, the chance of a 

mass reduction of species in agricultural landscapes will be higher. Because agricultural systems 
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are not isolated systems, high intensity agriculture can impact nearby ecosystems, eventually 

leading to problems in human wellbeing. Also, land sparing could make the agricultural 

ecosystems inhospitable for biodiversity increasing the stress on spared areas for biodiversity. 

On the other hand, land sharing may also not be completely acceptable because under less 

intensive management, crop productivity will be reduced and to meet productivity goals more 

areas will have to be cleared. Even though biodiversity-friendly management enhances 

biodiversity compared to conventional farming, there will be a problem for higher trophic level 

organisms. The reduced biodiversity may not be entirely compensated by organic management 

since biodiversity of the organic agriculture is lower and different than in natural areas (Phalan et 

al. 2011b). 

Hence, rather than thinking only about land sharing vs land sparing, the discussion should further 

think about the scale at which these approaches should be adopted in each ecosystem. 

Biodiversity cannot be completely sacrificed even in an agricultural ecosystem because essential 

ecosystem functions need to be maintained. Hence, instead of maximising the yield, the optimum 

yield and biodiversity should be the goal of intensification. This could be achieved through 

promoting organic farming at varying scales in the landscape to avoid a complete vanishing of 

farmland biodiversity. Land sharing should be implemented proportionally to land sparing in a 

landscape scale, such that, there should be more favourable habitat and organic farms in the 

landscape to serve as refuge sites for biodiversity; the reduced productivity could be 

compensated through intensive agriculture in the same landscape. 

 

4.2. Biodiversity in organic farms should be managed at a landscape 
level 

Agricultural systems are embedded in larger landscapes and the organic farming effect thus 

needs to be generalised from a landscape perspective. In Chapter 3, I further studied the 

variability in biodiversity and productivity between organic and conventional fields with respect 

to the changes in forest cover and arrangement in the landscape. The results suggest that with 

higher amounts of forest in the landscape, average amphibian abundance of organic fields didn’t 

change noticeably but that of the conventional fields slightly increased. On the other hand, the 
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change in the average productivity was not significant in conventional and organic farms. The 

variation in the overall biodiversity and productivity was not significant in the initial result, 

which could be because of the high variability in the surrounding landscape context.  

Further results indicate that the response ratio (organic divided by conventional) for biodiversity 

decreased as the percent of forests in the landscape increased but the productivity ratio increased. 

This indicates that organic farming productivity and conventional biodiversity could be sensitive 

to configuration and compositional changes in the forest cover of the landscape. The productivity 

and biodiversity of agricultural ecosystems depends on the landscape context of the surrounding. 

Landscapes with more forest will have reduced trade-offs between biodiversity and productivity 

in agricultural fields. More uncultivated areas in the landscape can improve biodiversity 

dispersal and reduce the impact of agriculture on ecosystems. Land-use policies in Kerala need 

to focus on landscape level management of rice wetlands. The number of abandoned paddies 

should be reduced and better management should be practiced in paddy-dominated landscapes. 

 

4.3. Future research    

There remain significant gaps in our knowledge of trade-offs between biodiversity and 

productivity. Studies portray biodiversity and productivity as inversely related in agricultural 

ecosystems due to intensification while the opposite is true in natural ecosystems. Despite 

looking at biodiversity and productivity explicitly, very few studies explain the dynamics of both 

simultaneously. Understanding more about the characteristics of the variability in biodiversity 

and productivity in organic management could result in better management of agricultural 

ecosystems. There is a need for more studies at the landscape scale rather than field or farm 

scale. There is also a need for more studies that include the surrounding landscape context as a 

continuous variable rather than categorising them as simple or complex, homogeneous or 

heterogeneous.  

Rice wetlands are very complex ecosystems particularly in Kerala, where the productivity is 

sensitive to the availability of rain water and other weather parameters. The yield of rice is also 

very low taking into consideration the intensive labour and other agricultural activities. Due to 

these reasons farmers often use their rice fields for other agricultural crops or leave them 
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uncultivated. Hence, there are many field level factors (e.g., abandoned land, ponds, floral 

biodiversity of the area) which are not included in this study but may have a strong effect in 

driving biodiversity and productivity at the local scale. Future research in Kerala should include 

more studies on the connectivity of rice wetlands and the effect of abandonment and conversion 

of rice wetlands to other land uses. 
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Appendix 1. Data sheet 

Datasheet used to collect farm level data with the help of farmer. 
 
Field Code: ______________     Organic/conventional 

Date of survey: ___________________ Survey done by: _______________________________ 

Name of Landowner: ___________________________________________________________  

Location (Panchayat & district): __________________________________________________ 

Phone No.: _______________________ Address: ____________________________________ 

GPS points of household: _____________________ of field(s): _________________________  

Total farm holdings: 

Area of total farm (landowner estimate):  Owned: _______cents Rented: _________ cents 

Number of individual fields in total farm:  Owned: ____________    Rented: _______________ 

Average size of each field:  Owned: ______________ Rented: _______________ 

Area of rice cultivated: 

Field Chosen for Sampling: 

Size of field:  __________ cents   

Certified? Yes / No  Year of certification: _____ Certification agency: ________________ 

No. of years that you have cultivated this field: _______ No. of years cultivated organically __ 

No. of crop seasons:  _______________________ 

Cultivated rice crop variety: __________________ Related varieties: _________________ 

Crop age (days since sowing): __________________ Soil type:  _______________________ 

Days since last fertilizer application: ______________ Type applied: _________________  

Time period (months) of cultivation: 

        

 

Land preparation Sowing Harvest (expected date) 
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What inputs (fertilizer, pesticides, manures, etc.) have you used (amount and time over past year)  

 

Input Amount (weight/percentage) Time (year/month) 

   

   

   

   

   

   

   

 

Productivity of rice per unit area in field? 

Is there a fallow period? Yes/No When? ______________________________ 

What crops, other than paddy, are cultivated in the same field and when? 

Other crops Period cultivated 

  

  

  

  

What is the distance to nearest conventional field? ___________________m 

Do you share water with conventional farms?   Yes / No Explain:  _____________ 

___________________________________________________________________ 

Management questions: harvesting machinery?  

Planting (machines vs hand) 

Field Sketch (if possible, show general location of fields, hedgerows, uncultivated areas, homegardens, 

indicate conventional/organic if known) 
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Photograph #: __________ 

GPS #:  _______________ 

 

Notes:  

 

 

 

Field Productivity – Weekly Call Log  

(Call farmer each week at the same time, and fill in one row of the table) 

 

Date Total amount of rice 

harvested in past week (bags? 

Kg?) 

Amount sold Type of rice 

(hulled, raw, 

dried, etc.) 
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Appendix 2. List of amphibians and arthropods 

Total abundance of amphibians, arthropods and Odonates in organic and conventional 
fields 

Amphibian species conventional organic IUCN Status 

Clinotarsus curtipes 1 0 Near threatened 

Duttaphrynus melanostictus 3 3 Least concern 

Duttaphrynus scaber 4 2 Least concern 

Euphlyctis cyanophlyctis 75 115 Least concern 

Fejervaria sp. A 538 558  

Fejervaria sp. B 100 95  

Hoplobatrachus tigerinus 355 555 Least concern 

Indosylvirana aurantiaca 48 125 Vulnerable 

Microhyla ornata 105 90 Least concern 

Microhyla sp. 53 26  

Polypedates maculatus 49 51 Least concern 

Polypedates occidentalis 0 1 Data deficient 

Pseudophilautus kani 1 2 Least concern 

Sphaerotheca breviceps 1 1 Least concern 

Uperodon taprobanicus 2 0 Least concern 

Uperodon variegatus 1 7 Least concern 

 

Arthropod orders Conventional Organic 

Araneae 552 609 

Blattodea 0 6 

Coleoptera 947 1120 

Decapoda 1 1 

Dermaptera 3 5 

Diptera 3447 3623 

Ephemeroptera 22 152 

Hemiptera 3436 3957 
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Hymenoptera 1085 1455 

Lepidoptera 822 870 

Mantodea 1 1 

Neuroptera 0 6 

Orthoptera 1132 1253 

Phasmatodea 8 4 

Polydesmida 7 10 

Thysanoptera 4 9 

 

 

 

 

  

Odonate group Conventional Organic 

Damselfly 338 375 

Dragonfly 216 221 

Total 554 596 
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Appendix 3. Sentinel 2 imagery data 

Sentinel-2 imagery details for the six images used in the analysis showing entity ID, date and center 
latitude and longitude. 

 

Image No Entity ID Date Center Latitude and Longitude 

1 L1C_T43PFN_A008739_20170223T051515 16/02/2017 
11°15'36.57"N 

76°25'08.59"E 

2 L1C_T43PFP_A008639_20170216T053443 16/02/2017 
12°09'51.89"N 

76°25'25.23"E 

3 L1C_T43PFM_A008639_20170216T053443 16/02/2017 
11°15'36.57"N 

76°25'08.59"E 

4 L1C_T43PEN_A008639_20170216T053443 16/02/2017 
11°15'47.23"N 

75°30'10.11"E 

5 L1C_T43PFN_A008639_20170216T053443 16/02/2017 
10°21'21.03"N 

76°24'53.32"E 

6 L1C_T43PFM_A008453_20170203T051647 03/02/2017 10°21'21.03"N 
76°24'53.32"E 
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Appendix 4. Image validation data 

Validation data tables (in percentages) for six of the Sentinel 2 images used in the study. Validation 
data are columns and training data are rows. Reported overall accuracy and Kappa coefficient. 

Image 1 Validation Overall Accuracy = (1752/1961) 89.3422%; Kappa Coefficient = 0.8469 

Class Water Buildings Barren Paddy Forests Total 
Unclassified 6.97 5.71 5.54 0.66 1.64 3.42 

Water 92.62 0.00 0.00 0.00 0.00 11.52 
Buildings 0.41 88.57 9.33 0.00 0.00 12.75 
Barren 0.00 4.08 76.09 16.56 3.58 16.88 
Paddy 0.00 0.41 6.12 82.78 0.41 7.70 
Forests 0.00 1.22 2.92 0.00 94.38 47.73 
Total 100.00 100.00 100.00 100.00 100.00 100 

 

Image 2 Validation Overall Accuracy = (3281/3612) 90.8361%; Kappa Coefficient = 0.8514 

Class Water Buildings Barren Cropland Forest Total 
Unclassified 1.28 20.11 8.67 4.03 4.21 5.23 

Water 98.72 0.00 0.00 0.00 0.00 2.13 
Buildings 0.00 75.86 1.33 0.58 0.05 3.96 

Barren 0.00 2.30 85.00 8.54 0.30 9.80 
Paddy 0.00 1.72 1.67 85.99 0.25 25.17 
Forests 0.00 0.00 3.33 0.86 95.19 53.71 
Total 100.00 100.00 100.00 100.00 100.00 100.00 

 

Image 3 Validation Overall Accuracy = (3878/4540) 85.4185%; Kappa Coefficient = 0.7867 

Class Water Buildings Barren Paddy Forests Total 
Unclassified 3.27 20.07 2.47 1.63 0.78 2.62 

Water 94.81 0.00 0.00 0.00 0.00 10.86 
Buildings 0.00 58.78 2.47 1.70 0.20 4.38 
Barren 0.19 9.32 84.81 7.39 0.39 8.35 
Paddy 1.73 11.83 10.25 74.01 4.05 26.34 
Forests 0.00 0.00 0.00 15.27 94.59 47.44 
Total 100.00 100.00 100.00 100.00 100.00 100.00 

 

Image 4 Validation Overall Accuracy = (3118/3656) 85.2845%; Kappa Coefficient = 0.8065 

 

 

                              

 

 

Class Water Buildings Barren Paddy Forests Total 
Unclassified 1.70 8.48 7.74 2.86 7.43 5.20 

Water 98.07 0.00 0.00 0.00 0.00 23.69 
Buildings 0.00 80.21 0.57 4.29 0.00 7.17 

Barren 0.00 5.30 71.92 3.38 0.22 8.07 
Paddy 0.23 6.01 18.05 86.09 11.30 24.59 
Forests 0.00 0.00 1.72 3.38 81.05 31.29 
Total 100.00 100.00 100.00 100.00 100.00 100.00 
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Image 5 Validation Overall Accuracy = (2788/3393) 82.1692%; Kappa Coefficient = 0.7660   

Class Water Buildings Barren Paddy Forests Total 
Unclassified 4.87 21.41 14.04 1.45 2.46 5.13 

Water 94.18 0.00 0.00 0.00 0.00 17.65 
Paddy 0.00 1.83 2.13 76.63 2.58 32.15 

Buildings 0.47 66.67 19.57 0.72 0.12 8.19 
Barren 0.47 10.09 62.13 18.60 0.62 13.09 
Forests 0.00 0.00 2.13 2.60 94.22 23.78 
Total 100.00 100.00 100.00 100.00 100.00 100 

 

Image 6 Validation Overall Accuracy = (3614/4317) 83.7155%; Kappa Coefficient = 0.7894 

Class Water Buildings Barren Paddy Forests Total 
Unclassified 1.57 35.47 26.36 1.50 1.56 7.20 

Water 98.34 0.00 0.00 0.00 0.00 27.52 
Buildings 0.00 56.06 32.56 3.01 0.17 9.43 
Barren 0.00 0.92 30.75 5.13 0.78 4.40 
Paddy 0.08 6.86 10.08 89.92 6.93 27.03 
Forests 0.00 0.69 0.26 0.44 90.55 24.42 
Total 100.00 100.00 100.00 100.00 100.00 100 
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Appendix 5. Effective radius values 

Slope, p-values and adjusted R2 values used in the analysis of the effective radii for 
amphibians, arthropods, Odonates and productivity. 

 

Group Radius Slope p-value Adj_R2 

Amphibian 250 -0.00667 0.0316 0.120 

Amphibian 500 -0.00717 0.0301 0.123 

Amphibian 1000 -0.00665 0.0523 0.093 

Amphibian 1500 -0.0058 0.102 0.058 

Amphibian 2000 -0.00499 0.1757 0.03 

Arthropod 250 -0.00236 0.482 -0.017 

Arthropod 500 -0.00165 0.646 -0.027 

Arthropod 1000 -0.0026 0.479 -0.016 

Arthropod 1500 -0.00344 0.362 -0.004 

Arthropod 2000 -0.00373 0.335 -0.001 

Productivity 250 0.006515 0.00233 0.26 

Productivity 500 0.006836 0.00298 0.248 

Productivity 1000 0.007932 0.000639 0.322 

Productivity 1500 0.008133 0.000673 0.319 

Productivity 2000 0.00825 0.000839 0.309 

Odonates 250 -0.0016 0.74 -0.031 

Odonates 500 -2.1E-05 0.997 -0.034 

Odonates 1000 -0.00255 0.628 -0.026 

Odonates 1500 -0.0034 0.53 -0.02 

Odonates 2000 -0.00318 0.568 -0.023 

 
 


	thesis_front page
	Thesis_Libin Feb 14

