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Agrobiodiversity Assessment in Kerala’s Farming Systems: Contribution to Climate Resilient Agriculture
ABSTRACT

	[bookmark: OLE_LINK4]The present study was undertaken to assess plant species diversity within farming systems across selected districts of Kerala, analyse spatial variations in biodiversity, and examine its implications for climate-resilient and carbon-neutral agriculture. A descriptive, cross-sectional research design with a multistage sampling approach was employed. The study was conducted in nine panchayats across three districts, and data were collected from 270 farmers through structured interviews and field observations during 2023–2026. Plant species, including crops, fruit trees, and perennials, were documented at the farm level. Biodiversity was quantified using the Shannon–Wiener Diversity Index (H′) and Simpson’s Diversity Index (SDI), and data were analysed using descriptive statistics. The findings revealed significant spatial variation in biodiversity among districts. Thiruvananthapuram recorded the highest diversity (H′ = 3.16; SDI = 0.86), followed by Kasaragod (H′ = 1.52; SDI = 0.69), while Ernakulam exhibited the lowest diversity (H′ = 1.13; SDI = 0.52). The overall mean values (H′ = 0.566; SDI = 0.282) indicated generally low to moderate diversity levels across farming systems, with a majority of respondents falling under very low and low diversity categories, reflecting species dominance. Higher biodiversity was associated with homestead and diversified farming systems, whereas plantation-based and commercial systems showed reduced diversity. The study underscores the critical role of agrobiodiversity in enhancing climate resilience and carbon sequestration potential. It emphasizes the need for promoting biodiversity-enhancing practices such as agroforestry and mixed cropping through targeted policy support and strengthened extension interventions to achieve sustainable and carbon-neutral agricultural systems.
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1. INTRODUCTION
Beyond being a significant source of anthropogenic emissions, agriculture is increasingly portrayed as having a dual nature: a sector heavily impacted by climate change and an important platform for carbon sequestration and mitigation. Climate change has significant impacts on global agriculture through reducing crop production and undermining food security through rising temperatures, altered precipitation patterns, and extreme weather events, necessitating concerted efforts to safeguard agricultural systems and ensure food security. In this context, agricultural biodiversity has emerged as a critical component of sustainable, climate-resilient farming systems. Frison et. al. (2011) highlighted that agricultural biodiversity is important in addressing the anticipated impacts of climate change by strengthening farming systems. It aided in improved productivity while also reducing vulnerability to pests and diseases. Biodiversity in agricultural landscapes contributes primarily to ecosystem stability, enhanced soil fertility, improved regulation of pests and diseases, and facilitated adaptation to environmental stresses.
Gangatharan and Neri (2012) indicated that biodiversity can facilitate the development of agroecosystems capable of sustaining their own soil fertility. Additionally, agricultural biodiversity plays a crucial role in adaptation to environmental stress. Mijatovic et al. (2013) demonstrated that agricultural biodiversity is essential for enhancing resilience to climate change through strategies such as crop diversification and the use of stress-tolerant varieties. Supplementing these findings, Bender et al. (2016) showed that the soil biodiversity simultaneously supports multiple ecosystem functions, highlighting its broader ecological significance within agricultural systems.
According to Feng et al. (2020), diversified cropping systems increased enzyme activity and microbial biomass carbon relative to monoculture systems. More recently, Shu et al. (2024) found that intercropping systems enhanced soil microbial network modularity by 46% and functional diversity by 11%, and enriched nitrogen metabolism genes, implying improved nutrient transformation processes. 
Agricultural biodiversity plays a substantial role in strengthening farmers’ livelihood security through diversified production systems, with a growing body of evidence showcasing benefits for income, resilience and food security. Lockie and Carpenter (2010) emphasised that agrobiodiversity plays a pivotal role in farmers’ livelihoods by providing resources that support adaptation and enhance agricultural productivity.
Sunderland (2011) and Frison et al. (2011) both indicated that diversified production systems provide nutritional and livelihood benefits and demonstrate greater resilience than monoculture systems. Attwood et al (2017) observed that biodiversity-based agricultural practices can enhance resilience at the farm and community levels. Similarly, Vernooy (2022), in a review of literature published between 2015 and 2020, reported ample evidence of positive outcomes associated with crop diversification practices, including better yields and household incomes, as well as improvements in nutrition and food security.
Kerala represents a distinctive agricultural landscape embodied by smallholder farming systems, homestead agriculture, and diversified cropping patterns. Conventional farming practices in the state integrate crops, trees, livestock and fisheries with small landholdings, supporting relatively high levels of biodiversity compared to monoculture-based agricultural systems. However, recent developments, including agricultural intensification, urbanisation, land-use change, and the commercialisation of agriculture, have contributed to a gradual decline in farm-level biodiversity.
The Government of Kerala has recently undertaken initiatives to achieve carbon-neutral development, including promoting carbon-neutral agricultural practices. In this context, agricultural biodiversity is expected to play an important role in enabling the transition. Diversified cropping systems and agroforestry practices can enhance carbon sequestration while reducing greenhouse gas emissions in agricultural fields.
Despite the importance of agricultural biodiversity, systematic assessments of plant species diversity within farming systems remain limited, particularly at local levels. Understanding the spatial distribution of biodiversity within an agricultural system can help identify opportunities for strengthening ecological stability and climate resilience.
Considering these factors, the present study was undertaken with the following objectives: (i) to assess plant species diversity within the farming system across selected districts of Kerala; (ii) to analyse spatial variations in biodiversity across districts and respondents; and (iii) to examine the implications of plant diversity for climate-resilient and carbon-neutral agriculture.
2. MATERIALS AND METHODS
2.1. Study Area
The study was conducted in three districts of Kerala, viz., Thiruvananthapuram, Ernakulam and Kasaragod, representing the three distinctive zones of the state. 
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Fig. 1. Location of the Study Area in Kerala, India
Thiruvananthapuram district is in southern Kerala and is characterised by a humid tropical climate and diverse homestead farming systems. Ernakulam district, situated in central Kerala, has experienced significant urbanisation and commercialisation of agriculture. Kasaragod district in northern Kerala is known for plantation crops such as coconut, arecanut and cashew along with mixed cropping systems. Nine panchayats were selected for the study, with three panchayats from each district. The selected panchayats included Kattakada, Manikkal, Kollayil, Amballoor, Chittattukara, Rayamangalam, Pullur- Periya, Kinanoor-Karinthalam and Pilicode.
2.2. Sampling Design and Data Collection
A multistage sampling method was adopted for the study. In the first stage, three districts representing different agroecological regions of Kerala were purposively selected. In the second stage, three panchayats were selected from each district. In the final stage, 30 farmers were selected from each panchayat, comprising a total sample of 270 farmers. 
Primary data were collected through structured interviews and field observations during farm visits. Farmers were asked to report the plant species present within their farming systems, including crop species, fruit trees, plantation crops and other perennial plants. The presence and abundance of plant species were recorded for each farm. Prior to data collection, informed consent was obtained from all participating farmers, and they were informed that the information collected would be used strictly for academic and research purposes, ensuring confidentiality and ethical compliance throughout the study.
2.3. Measurement of Biodiversity
Plant species diversity was assessed using two commonly used ecological indices:
2.3.1. Shannon-Wiener Diversity Index (H’)
The Shannon- Wiener index measures species diversity by considering both species richness and evenness. Higher values indicate greater diversity.
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Where pi = proportion of individuals belonging to the ith species
Higher values of the Shannon index indicate greater diversity
2.3.2. Simpson’s Diversity Index (SDI)
Simpson’s diversity index measures the probability that two randomly selected individuals belong to different species. Higher SDI values indicate greater diversity and lower species dominance.
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Higher SDI values indicate greater biodiversity and lower dominance of individual species.
2.4. Data Analysis
Species abundance data were compiled and analysed using MS Excel and standard ecological diversity formulas. Diversity indices were calculated at two levels:
1. District level
2. Respondents’ level
Descriptive statistical analysis was used to compare biodiversity across districts. 
3. RESULTS AND DISCUSSION
3.1. District-wise plant species diversity
The analysis of plant species diversity across the selected districts revealed notable spatial variations in biodiversity levels within agricultural systems. Among the three districts studied, Thiruvananthapuram recorded the highest biodiversity, with a Shannon diversity index (H’) of 3.16 and Simpson’s diversity index (SDI) of 0.86. These values indicate relatively high species richness and even distribution of plant species across farms. The higher biodiversity in Thiruvananthapuram can be attributed to the prevalence of traditional homestead farming systems, which integrate a wide range of crop species, including coconut, banana, vegetables and fruit trees within small holdings.
Table 1. District wise Simpson’s Diversity Index (SDI) and Shannon – Wiener Diversity Index (H’)
	Districts
	SDI
	H'

	TVM
	0.861
	2.164

	EKM
	0.517
	1.133

	KSG
	0.697
	1.519


Kasaragod exhibited moderate biodiversity, with a Shannon index of 1.52 and an SDI of 0.69. This moderate level of diversity may be associated with plantation-based systems dominated by perennial crops such as coconut, arecanut, and cashew. Although these systems include some level of crop diversification, the dominance of a few perennial species reduces overall species richness.
Ernakulam district recorded comparatively lower biodiversity (H' = 1.13; SDI = 0.52), which may be attributed to urbanisation, land-use change, and the commercial orientation of agriculture. Farmers in this district tend to cultivate a limited number of economically important crops, resulting in lower species diversity.
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	Category
	Range
	TVM
	EKM
	KSG

	Very Low
	<0.3
	13
	0
	4

	Low
	0.3-0.5
	25
	3
	23

	Moderate
	0.5-0.7
	21
	21
	10

	High
	>0.7
	31
	66
	53


The distribution of respondents based on SDI further highlighted inter-district differences. In Thiruvananthapuram, the largest proportion of respondents belonged to the high category (31), followed by the low (25) and moderate (21) categories, while 13 respondents were categorised as very low, indicating a relatively dispersed distribution. In contrast, respondents from Ernakulam were predominantly in the high category (66), with a smaller number in the moderate category (21) and only 3 in the low category; none were in the very low category. This suggests comparatively higher index levels among respondents in this district. A similar trend was observed in Kasaragod, where the majority of respondents (53) were in the high category, followed by the low (23), moderate (10), and very low (4) categories. Although the SDI and Shannon–Wiener Index values were higher in Thiruvananthapuram district, the overall species diversity observed within individual farms across the district indicates that multi-storeyed, integrated homestead-based farming systems dominate throughout the state.
The observed spatial variations in plant species diversity across the selected districts were consistent with earlier studies on Kerala’s homestead farming systems, which were widely recognised for their high biodiversity. The comparatively higher diversity recorded in Thiruvananthapuram aligns with the findings by Aiswarya et al. (2024), who reported a relatively high Simpson’s Diversity Index (~0.74) for the district, indicating substantial species diversification. 
Similarly, Mohan et al. (2007) demonstrated that Kerala home gardens exhibited Shannon-Wiener indices comparable to those of natural ecosystems, highlighting their ecological significance. The role of traditional homestead systems in enhancing biodiversity is further supported by Roshni et al. (2012), who highlighted the multispecies composition and structural complexity of such systems, and subsequently by Krishnankutty et al. (2013), who documented considerable plant diversity in coconut-based homesteads. These studies collectively substantiate the present findings that smallholder-based farming systems contribute to higher species richness and evenness. 
High SDI value generally indicates lower dominance and greater diversity, which are associated with enhanced ecological stability. Farming systems with higher diversity tend to support improved ecosystem services such as nutrient recycling, soil structure maintenance and biological pest control. These functions indirectly contribute to climate resilience and mitigation by improving system stability and reducing dependence on external inputs.

Fig.2. Frequency Distribution of Respondents according to Simpson’s Diversity Index (SDI)
Land use patterns, the degree of agricultural intensification and the nature of farming systems emerged as the major determinants of biodiversity levels across the districts.
These findings were consistent with the earlier studies reporting that perennial and mixed cropping systems support comparatively higher biodiversity than intensive, market-oriented agricultural systems. (Karunakaran, 2014; Oakley and Bicknell, 2021). Overall, the predominance of low to moderate biodiversity levels across districts suggests that ongoing agricultural transitions, particularly the shift towards commercially viable crops, may be constraining species richness and on-farm diversity.
The distribution of respondents based on the Shannon Wiener Diversity Index (H’) indicated predominantly low to moderate biodiversity levels across the surveyed districts.
Table 3. Distribution of respondents based on Shannon-Wiener Diversity Index (H’)
	Category
	Range
	Interpretation
	TVM
	EKM
	KSG

	Very Low
	< 0.5
	Very poor biodiversity / dominance of one species
	25
	64
	50

	Low
	0.5 – 1.0
	Low species diversity
	34
	23
	19

	Medium
	1.0 – 1.5
	Moderate diversity
	20
	3
	21

	High
	> 1.5
	High biodiversity
	11
	0
	0


In Thiruvananthapuram, the majority of respondents were classified under the low diversity category, followed by very low and moderate categories, with only a small proportion exhibiting high biodiversity. In Ernakulam, biodiversity levels were largely confined to very low and low categories, with no respondents falling under the high diversity category. A similar trend was observed in Kasaragod, where most respondents were concentrated in very low and low categories, with a smaller proportion in the moderate category and none in the high category.

Fig.3. Frequency distribution of respondents according to Shannon Wiener Diversity Index (H’)
The predominance of low diversity levels suggested that many farming systems are characterised by limited species composition and uneven distribution. Such systems may be more vulnerable due to reduced ecological buffering capacity.
Lower Shannon index values indicated diminished species richness and evenness, which can adversely affect ecosystem functioning. In agricultural contexts, this may manifest as reduced resilience to environmental stresses, lower soil biological activity and increased susceptibility to pest and disease outbreaks.
The absence of high biodiversity categories in Ernakulam and Kasaragod indicated limited diversification in these regions, potentially constraining the contribution of agrobiodiversity to climate adaptation and mitigation. In contrast, the presence of a small proportion of high-diversity farms in Thiruvananthapuram highlighted the continued relevance of traditional diversified systems.
The predominance of low biodiversity levels observed across the study districts is consistent with earlier research highlighting the ecological limitations of less diversified farming systems. Frison et al. (2011) reported that simplified agricultural systems are generally less resilient to environmental perturbations, with reduced capacity to maintain soil fertility and regulate pest and disease dynamics. Similarly, Lin (2011) demonstrated that crop diversification enhances ecological stability by suppressing pest outbreaks and buffering production against climatic variability. Supporting this, Kremen et al. (2012) found that diversified farming systems exhibit higher biodiversity, improved soil quality, and greater resilience to climate change compared to conventional, low-diversity systems. Empirical evidence from Duguma et al. (2019) further indicated that systems with low Shannon diversity indices (H′ ≈ 0.71) are characterised by limited species composition, whereas diversified systems, such as home gardens, attain significantly higher diversity levels (H′ > 3.0). More recently, Kumari et al. (2025) reported that monoculture-dominated regions exhibit markedly lower crop diversity, reinforcing the adverse implications of reduced diversification. These findings collectively corroborate the present results, in which the dominance of low- and very-low-diversity categories—particularly the absence of high-diversity systems in Ernakulam and Kasaragod—suggests constrained ecological resilience and highlights the need to promote diversification strategies to enhance sustainability and climate resilience in agricultural systems.
3.2. Diversity pattern of the surveyed respondents
The assessment of biodiversity at the farm level revealed substantial variability in species composition and distribution among respondents. The analysis revealed marked variation in biodiversity status across farms (Appendix). The Simpson’s Diversity Index (SDI) ranged from 0.000 to 0.878, with a mean of 0.282, indicating wide differences in species dominance and farm diversification. The Shannon-Wiener Index (H’) ranged from 0.000 to 2.270, with a mean of 0.566, suggesting generally low to moderate diversity among respondents. The predominance of low- and very-low-diversity categories indicates that most farms were characterised by simplified plant collections and uneven species distribution.
The wide range of index values suggests that while a limited number of farms maintain relatively diverse and balanced systems, the majority exhibit low diversity and greater dominance by a few species. This pattern reflects uneven adoption of diversification practices across the study area. Farms with higher diversity indices are likely to benefit from enhanced ecosystem services, including improved nutrient recycling, better soil structure and increased biological pest control. In contrast, low-diversity systems tend to rely more heavily on external inputs and may exhibit reduced resilience to climate stresses.

Fig. 4. Distribution of Simpsons’ diversity index of the respondents
The present findings on the benefits of diversified farming systems are strongly supported by earlier studies emphasising their role in enhancing ecosystem services and resilience. Degani et al. (2019) showed that increased crop diversity helps maintain yields under drought conditions while improving pest regulation. More comprehensive evidence is provided by Tamburini et al. (2020), who synthesised findings from a large number of meta-analyses and concluded that diversification enhances biodiversity, nutrient cycling, soil fertility, and water regulation without significant yield trade-offs. In a more recent synthesis, Beillouin et al. (2021) reported substantial improvements in associated biodiversity, pest and disease control, and soil quality under diversified systems, while also noting variability in effectiveness across different strategies, with agroforestry emerging as particularly beneficial.

Fig. 5. Distribution of Shannon diversity index of the respondents
These findings collectively corroborate the present results, where farms with higher diversity indices demonstrated potential for improved ecosystem functioning, whereas the predominance of low-diversity systems indicates greater reliance on external inputs and reduced resilience, thereby underscoring the need for diversification-oriented interventions.
3.3. Role of agricultural biodiversity in climate resilience
Agricultural biodiversity plays a crucial role in enhancing the resilience of farming systems to climate change. Diverse cropping systems reduce vulnerability to climate variability by spreading production risks across multiple species. If one crop fails due to climatic stress, other crops can still provide income and food security.
Diverse plant species also contribute to improved soil health, enhanced nutrient cycling and better water retention. These ecosystem services are essential for maintaining agricultural productivity under changing climatic conditions. Furthermore, diversified farming systems can support natural pest and disease control, reducing the reliance on chemical inputs and improving environmental sustainability.
The role of agricultural biodiversity in enhancing climate resilience and ecosystem functioning, as observed in the present study, is well supported by existing literature. Mijatović et al. (2013), based on a synthesis of multiple case studies, reported that diversification of farming systems and the use of stress-tolerant crops significantly improve resilience to climatic variability. Similarly, Birthal and Hazrana. (2019) demonstrated that crop diversification mitigates the adverse impacts of rainfall deficits and heat stress by spreading production risks across multiple crops. In terms of ecosystem services, diversified systems have been shown to enhance soil health, nutrient cycling, and water retention, thereby sustaining productivity under changing climatic conditions. Recent evidence by Loizou et al. (2025) further confirmed that ecosystem and functional diversity significantly contribute to soil and water conservation and optimize nutrient cycling, thereby strengthening overall agricultural resilience. These findings collectively support the present results, which highlight that diversified farming systems not only reduce vulnerability to climate risks but also enhance ecological sustainability by improving soil quality, using resources more efficiently, and regulating pests and diseases naturally.
3.4. Implications for Carbon-Neutral Agriculture
Agricultural biodiversity can contribute significantly to the goal of carbon-neutral agriculture. Farming systems that incorporate trees and perennial crops can act as important carbon sinks by storing carbon in plant biomass and soil organic matter. Agroforestry systems, mixed cropping and perennial plantations enhance carbon sequestration while simultaneously supporting biodiversity. These systems can reduce greenhouse gas emissions by minimizing dependence on external inputs such as chemical fertilisers and pesticides. In Kerala, traditional homestead farming systems already function as low-carbon agricultural systems due to their diversified structure and minimal external input requirements. Strengthening these systems through policy support, extension services, and incentives can help achieve the state’s carbon-neutral development goals.
The contribution of diversified farming systems to carbon sequestration and low-carbon agriculture, as observed in the present study, is well supported by earlier research. Kumar (2011) highlighted that despite substantial evidence on the ecological and carbon benefits of agroforestry systems in Kerala, their potential remains underutilized due to limited policy recognition and weak extension support. Subsequent studies have quantified the carbon sequestration potential of such systems; Saha and Jha (2013) estimated that agroforestry systems can store significant amounts of carbon (12–228 Mg ha⁻¹), demonstrating their role as effective carbon sinks. Nath et al. (2020) further reported considerable carbon storage in both biomass and soil within agrosilvopastoral systems, reinforcing the importance of integrating trees and perennials into farming systems. More recent evidence by Tirkey et al. (2024) indicates that agroforestry not only enhances carbon sequestration but also reduces greenhouse gas emissions by lowering dependence on chemical inputs. 
In the context of Kerala, Mina et al. (2023) confirmed that homestead agroforestry systems maintain higher soil organic carbon levels compared to monocropped systems, supporting their characterization as low-carbon agricultural systems. These findings collectively substantiate the present results, emphasizing that strengthening diversified systems such as homesteads and agroforestry through targeted policy and institutional support can play a crucial role in achieving carbon-neutral agricultural development.
3.5. Policy Implications
The study's findings highlighted the need for policies that promote biodiversity-friendly agricultural practices. Enhancing agrobiodiversity can improve both ecological sustainability and climate resilience. 
Government initiatives aimed at promoting agroforestry, mixed cropping, organic farming and integrated farming systems can enhance biodiversity while improving farm sustainability. In this context, the Pachathuruth program of the Government of Kerala represents a significant step towards ecological restoration and carbon sequestration. The programme focuses on creating small green islands using native plant species, which can contribute to biodiversity conservation, microclimate regulation and carbon storage.
Integrating such initiatives with farm-level interventions can enhance landscape-level biodiversity and strengthen climate mitigation efforts. Extension systems should prioritise capacity building among farmers by promoting awareness of the ecological and economic benefits of diversification.
Furthermore, improving access to diverse planting materials, strengthening local seed systems and incentivising biodiversity-based practices can facilitate wider adoption. Policy frameworks should also encourage conversations about traditional homestead systems, which have demonstrated high potential to support biodiversity and climate resilience.
4. LIMITATIONS OF THE STUDY
This study has certain limitations that should be acknowledged. The study was based on a cross-sectional survey conducted in selected panchayats of three districts; therefore, the findings may not capture temporal and seasonal variations in agrobiodiversity and may have limited generalisability beyond the study area. The assessment of plant species diversity relied on field observations and farmer-reported information, which may have resulted in minor omissions, particularly of seasonal or less prominent species. The study focused only on plant species diversity and did not include other components of agrobiodiversity, such as livestock, soil microorganisms, and associated fauna, which also contribute to ecosystem functioning and resilience. Biodiversity was measured using Shannon–Wiener and Simpson’s indices, which reflect species richness and evenness but do not capture functional or genetic diversity. In addition, the study used descriptive statistics and did not attempt to establish causal relationships between biodiversity and its influencing factors. The implications for carbon-neutral agriculture are based on ecological relationships reported in the literature, as direct measurements of carbon sequestration and greenhouse gas emissions were not undertaken. Despite these limitations, the study provides useful insights into farm-level biodiversity patterns and their relevance to climate-resilient agriculture.
5.CONCLUSION
The study assessed plant species diversity within farming systems across selected districts and panchayats of Kerala. The results revealed considerable spatial variation in biodiversity levels, with Thiruvananthapuram exhibiting the highest diversity, followed by Kasaragod and Ernakulam. Respondents’ level analysis further highlighted the role of diversified farming systems in maintaining plant biodiversity.
Traditional homestead agriculture and integrated farming systems were found to support greater biodiversity than plantation-based or monoculture systems. The findings underscore the importance of agricultural biodiversity and contribute to carbon sequestration.
Promoting biodiversity-based agricultural practices can therefore play a crucial role in advancing sustainable and carbon-neutral agriculture in Kerala. Future research should focus on integrating biodiversity assessment, carbon accounting, and ecosystem service evaluation to better understand the environmental benefits of diversified farming systems.
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APPENDIX
Table 3. Respondents’ wise biodiversity indices
	Sl no
	Simpson's Index
	Shannon Index

	1
	TVM
	EKM
	KSG
	TVM
	EKM
	KSG

	2
	0.796
	0.010
	0.719
	1.835
	0.034
	1.429

	3
	0.272
	0.016
	0.673
	0.663
	0.050
	1.218

	4
	0.301
	0.428
	0.253
	0.664
	0.765
	0.590

	5
	0.798
	0.041
	0.253
	1.687
	0.123
	0.590

	6
	0.878
	0.010
	0.507
	2.270
	0.034
	1.051

	7
	0.191
	0.041
	0.411
	0.460
	0.123
	0.876

	8
	0.803
	0.339
	0.502
	1.829
	0.678
	0.776

	9
	0.561
	0.018
	0.428
	1.160
	0.062
	0.765

	10
	0.134
	0.024
	0.024
	0.337
	0.079
	0.082

	11
	0.279
	0.447
	0.002
	0.564
	0.653
	0.011

	12
	0.787
	0.055
	0.684
	1.976
	0.157
	1.326

	13
	0.572
	0.544
	0.465
	1.325
	1.114
	0.768

	14
	0.845
	0.385
	0.096
	2.015
	0.766
	0.203

	15
	0.223
	0.385
	0.136
	0.483
	0.766
	0.344

	16
	0.444
	0.141
	0.195
	0.928
	0.284
	0.446

	17
	0.683
	0.024
	0.684
	1.411
	0.073
	1.333

	18
	0.682
	0.010
	0.016
	1.340
	0.034
	0.050

	19
	0.397
	0.016
	0.411
	0.833
	0.050
	0.876

	20
	0.382
	0.385
	0.428
	0.599
	0.766
	0.765

	21
	0.554
	0.055
	0.684
	0.992
	0.157
	1.326

	22
	0.543
	0.041
	0.736
	0.911
	0.123
	1.437

	23
	0.816
	0.339
	0.024
	1.978
	0.678
	0.082

	24
	0.237
	0.447
	0.253
	0.515
	0.653
	0.590

	25
	0.365
	0.385
	0.093
	0.669
	0.766
	0.202

	26
	0.515
	0.091
	0.719
	0.939
	0.221
	1.429

	27
	0.345
	0.010
	0.428
	0.645
	0.034
	0.765

	28
	0.249
	0.428
	0.002
	0.545
	0.765
	0.011

	29
	0.720
	0.024
	0.678
	1.513
	0.079
	1.329

	30
	0.000
	0.544
	0.502
	0.000
	1.114
	0.776

	31
	0.599
	0.333
	0.024
	1.087
	0.791
	0.082

	32
	0.250
	0.141
	0.176
	0.437
	0.284
	0.410

	33
	0.373
	0.024
	0.521
	0.618
	0.073
	1.056

	34
	0.614
	0.113
	0.736
	1.219
	0.265
	1.437

	35
	0.278
	0.096
	0.012
	0.451
	0.203
	0.041

	36
	0.074
	0.069
	0.586
	0.163
	0.156
	1.220

	37
	0.102
	0.071
	0.059
	0.245
	0.165
	0.138

	38
	0.448
	0.061
	0.521
	0.655
	0.159
	1.056

	39
	0.292
	0.113
	0.591
	0.646
	0.265
	1.077

	40
	0.003
	0.678
	0.012
	0.013
	1.329
	0.041

	41
	0.647
	0.069
	0.521
	1.248
	0.156
	1.056

	42
	0.664
	0.071
	0.568
	1.321
	0.165
	0.984

	43
	0.539
	0.018
	0.572
	1.060
	0.062
	0.964

	44
	0.524
	0.073
	0.586
	0.817
	0.171
	1.220

	45
	0.792
	0.073
	0.586
	1.821
	0.171
	1.220

	46
	0.655
	0.073
	0.591
	1.222
	0.171
	1.077

	47
	0.657
	0.073
	0.512
	1.236
	0.171
	0.805

	48
	0.072
	0.121
	0.000
	0.181
	0.261
	0.002

	49
	0.703
	0.005
	0.196
	1.541
	0.019
	0.346

	50
	0.098
	0.121
	0.355
	0.224
	0.261
	0.540

	51
	0.083
	0.005
	0.205
	0.216
	0.019
	0.366

	52
	0.061
	0.156
	0.212
	0.165
	0.294
	0.373

	53
	0.691
	0.042
	0.130
	1.453
	0.122
	0.259

	54
	0.679
	0.005
	0.184
	1.306
	0.019
	0.345

	55
	0.033
	0.005
	0.234
	0.108
	0.019
	0.477

	56
	0.557
	0.156
	0.025
	0.948
	0.294
	0.074

	57
	0.023
	0.121
	0.008
	0.077
	0.261
	0.027

	58
	0.057
	0.156
	0.001
	0.132
	0.294
	0.003

	59
	0.109
	0.024
	0.001
	0.230
	0.073
	0.003

	60
	0.703
	0.071
	0.124
	1.311
	0.165
	0.261

	61
	0.084
	0.073
	0.094
	0.209
	0.171
	0.198

	62
	0.678
	0.146
	0.014
	1.300
	0.326
	0.048

	63
	0.555
	0.303
	0.000
	1.057
	0.653
	0.001

	64
	0.491
	0.100
	0.003
	0.734
	0.228
	0.013

	65
	0.709
	0.283
	0.001
	1.485
	0.587
	0.003

	66
	0.359
	0.110
	0.002
	0.643
	0.265
	0.011

	67
	0.108
	0.145
	0.001
	0.224
	0.309
	0.003

	68
	0.000
	0.339
	0.512
	0.000
	0.680
	0.805

	69
	0.508
	0.223
	0.001
	0.963
	0.453
	0.004

	70
	0.382
	0.110
	0.012
	0.739
	0.265
	0.037

	71
	0.376
	0.318
	0.000
	0.834
	0.669
	0.000

	72
	0.688
	0.356
	0.047
	1.317
	0.755
	0.114

	73
	0.773
	0.317
	0.036
	1.657
	0.665
	0.103

	74
	0.392
	0.200
	0.012
	0.740
	0.423
	0.036

	75
	0.661
	0.078
	0.007
	1.248
	0.189
	0.025

	76
	0.261
	0.078
	0.001
	0.519
	0.189
	0.003

	77
	0.242
	0.096
	0.012
	0.491
	0.203
	0.037

	78
	0.124
	0.069
	0.001
	0.286
	0.156
	0.003

	79
	0.451
	0.071
	0.003
	0.783
	0.165
	0.013

	80
	0.125
	0.061
	0.001
	0.248
	0.159
	0.004

	81
	0.421
	0.146
	0.000
	0.725
	0.326
	0.000

	82
	0.371
	0.303
	0.047
	0.687
	0.653
	0.114

	83
	0.380
	0.100
	0.355
	0.694
	0.228
	0.540

	84
	0.527
	0.283
	0.212
	0.825
	0.587
	0.373

	85
	0.347
	0.145
	0.130
	0.704
	0.309
	0.259

	86
	0.595
	0.339
	0.025
	1.121
	0.680
	0.074

	87
	0.362
	0.223
	0.507
	0.690
	0.453
	1.051

	88
	0.357
	0.318
	0.428
	0.632
	0.669
	0.765

	89
	0.330
	0.356
	0.684
	0.616
	0.755
	1.326

	90
	0.209
	0.317
	0.678
	0.474
	0.665
	1.329



Simpson's Diversity Index (SDI)

Very Low	
TVM	EKM	KSG	13	0	4	Low	
TVM	EKM	KSG	25	3	23	Moderate	
TVM	EKM	KSG	21	21	10	High	
TVM	EKM	KSG	31	66	53	



Shannon Wiener Diversity Index (H')

Very Low	
TVM	EKM	KSG	25	64	50	Low	
TVM	EKM	KSG	34	23	19	Medium	
TVM	EKM	KSG	20	3	21	High	
TVM	EKM	KSG	11	0	0	



Simpson's Diversity Index (SDI)

TVM	0.79557640262624552	0.27214375787009826	0.30118094940528362	0.79833939364203754	0.87816248575305478	0.19066371760982537	0.80341960242487231	0.56139307339633482	0.13420864168059199	0.27942461846192856	0.78685530354068423	0.57225806451612904	0.84462419301128977	0.22255950117786905	0.44381123756014096	0.68340435022910451	0.68230595381426462	0.39738293346780706	0.38199801588774185	0.55404044357469018	0.54305610963586948	0.81646437156081764	0.23702640426094512	0.36466465829056038	0.5150179670045667	0.34462259814174001	0.24879399678399139	0.72001106491599975	0	0.59879869869313729	0.25035071859156954	0.37301151694332857	0.61405835543766574	0.27779321073392971	7.3978723719058448E-2	0.10221048104778996	0.4475900677768867	0.29235962167293694	3.1908658591961458E-3	0.64744466538698786	0.66442656595470084	0.53913545141012464	0.5243540396341464	0.7922163951477742	0.65520014115749148	0.65735742659467289	7.2443713813821864E-2	0.70298733184394369	9.8275386751310534E-2	8.3093455038061315E-2	6.0549542210900364E-2	0.69067422652417543	0.67855888144127086	3.306812992192032E-2	0.55697439626562972	2.2753263188304729E-2	5.6556852739340635E-2	0.10935887146229317	0.70324839645785131	8.392041409932216E-2	0.67778802172318264	0.55502155753404248	0.49147312081830785	0.70929709869557489	0.3589415443886087	0.10811341893891413	0	0.50750315004645863	0.3815502015446629	0.37579873500213679	0.68836865281960358	0.77263171057610092	0.39159864757971508	0.66067253903095335	0.26081796375429178	0.24153353797801169	0.12442418862147786	0.45145425400867745	0.12500782524422682	0.42097429859784929	0.37088969130138816	0.37989413825567131	0.52730701528901713	0.34679680417736991	0.59516737929117403	0.36200433947518729	0.35654377000652859	0.33042867496433137	0.20868685018539324	9.3010228219822522E-2	EKM	1.0132082168967105E-2	1.5566511403583561E-2	0.42813912189612002	4.0528041339523146E-2	1.0132082168967105E-2	4.0528041339523146E-2	0.33914484155947711	1.7735189688993014E-2	2.3534545329538359E-2	0.44744802528629601	5.5356700199132414E-2	0.54402338448689846	0.38533094812164581	0.38533094812164581	0.14131737681244816	2.3806993697840895E-2	1.0132082168967105E-2	1.5566511403583561E-2	0.38533094812164581	5.5356700199132414E-2	4.0528041339523146E-2	0.33914484155947711	0.44744802528629601	0.38533094812164581	9.1459761865360312E-2	1.0132082168967105E-2	0.42813912189612002	2.3534545329538359E-2	0.54402338448689846	0.33326282837683485	0.14131737681244816	2.3806993697840895E-2	0.11318034292332269	9.626972732633976E-2	6.9210033450156749E-2	7.1365505228934367E-2	6.1283963644654271E-2	0.11318034292332269	0.6777545433910932	6.9210033450156749E-2	7.1365505228934367E-2	1.7735189688993014E-2	7.2918190123849702E-2	7.2918190123849702E-2	7.2918190123849702E-2	7.2918190123849702E-2	0.12119330053130051	5.0090607290730338E-3	0.12119330053130051	5.0090607290730338E-3	0.15577547507111011	4.2209345460845982E-2	5.0090607290730338E-3	5.0090607290730338E-3	0.15577547507111011	0.12119330053130051	0.15577547507111011	2.3806993697840895E-2	7.1365505228934367E-2	7.2918190123849702E-2	0.14601210638155437	0.3030081682948208	0.10011878508457017	0.28304116136808299	0.1101947466698705	0.14514626059113311	0.33855533322130793	0.22254582196364914	0.1101947466698705	0.31799318504240115	0.3563994912901719	0.31708161692807446	0.20041939555612975	7.7909881304939921E-2	7.7909881304939921E-2	9.626972732633976E-2	6.9210033450156749E-2	7.1365505228934367E-2	6.1283963644654271E-2	0.14601210638155437	0.3030081682948208	0.10011878508457017	0.28304116136808299	0.14514626059113311	0.33855533322130793	0.22254582196364914	0.31799318504240115	0.3563994912901719	0.31708161692807446	0.20041939555612975	KSG	0.71926154692795374	0.67305105406163324	0.25305756674869495	0.25305756674869495	0.50697303627424828	0.41098390887971181	0.50155989010647883	0.42813912189612002	2.4204580161988454E-2	2.3287608204569654E-3	0.68377923846746014	0.46463818877323937	9.626972732633976E-2	0.13570755342800456	0.19509714616006524	0.683972936928122	1.5566511403583561E-2	0.41098390887971181	0.42813912189612002	0.68377923846746014	0.73648568973939998	2.4204580161988454E-2	0.25305756674869495	9.3010228219822522E-2	0.71926154692795374	0.42813912189612002	2.3287608204569654E-3	0.6777545433910932	0.50155989010647883	2.4204580161988454E-2	0.17607643546647733	0.52094944593797132	0.73648568973939998	1.2232125110576031E-2	0.58641446119554708	5.9059576288992943E-2	0.52094944593797132	0.59065228556753979	1.2232125110576031E-2	0.52094944593797132	0.56824372772202492	0.57210737457781535	0.58641446119554708	0.58641446119554708	0.59065228556753979	0.51171880332242359	4.9729304956636078E-4	0.19562926386760904	0.35503009153968768	0.20515266474376104	0.2123180080989876	0.13009954298461124	0.18414837696742892	0.23351961220663664	2.5040811959164744E-2	7.9873938128711686E-3	5.4294684817901562E-4	5.3306913994266569E-4	0.12424440153189287	9.4029368571092453E-2	1.4481137048718895E-2	2.7153490190701124E-4	3.2982559482808149E-3	5.6269526096786038E-4	2.4688010780293812E-3	6.2187564494176062E-4	0.51171880332242359	9.6031240612282076E-4	1.1556691813196296E-2	0	4.7123355141058476E-2	3.590784182193707E-2	1.1546312177577178E-2	6.6124402047482711E-3	5.6269526096786038E-4	1.1556691813196296E-2	6.2187564494176062E-4	3.2982559482808149E-3	9.6031240612282076E-4	0	4.7123355141058476E-2	0.35503009153968768	0.2123180080989876	0.13009954298461124	2.5040811959164744E-2	0.50697303627424828	0.42813912189612002	0.68377923846746014	0.6777545433910932	0.46463818877323937	Respondents


SDI




Shannon's Index (H')

TVM	1.8348893831833377	0.66282314364747663	0.66350143301993814	1.6870070062272498	2.2698603732402116	0.46027639978996093	1.8287992063099194	1.1595406622376798	0.33650903659395959	0.56399331309237	1.9755537426272631	1.3250002829222516	2.0146389037455243	0.4833858446343326	0.92801792276767958	1.4108929920268845	1.3397406619234518	0.83308381555299094	0.59904104808158942	0.99244579833452962	0.91084388798076166	1.9775339916547598	0.51545035703717423	0.66916427019894076	0.93875604267887691	0.6449713923473519	0.54475397769365941	1.5127290812773848	0	1.0870753771611175	0.43687859328290346	0.61782160771387429	1.2193216017091539	0.45056120886630463	0.16302362949436594	0.24518897628445063	0.65494038684719658	0.64593072201802237	1.2930900983113959E-2	1.2483597957693244	1.3207027923771202	1.0597853247721749	0.81736674793541619	1.820961244781143	1.2218523976193072	1.2363427682746668	0.18123799269646698	1.5406470725143615	0.22353315361429538	0.21605152118252879	0.1654004748905363	1.4530755291016693	1.3060013842495026	0.10831258733855657	0.94815778210040436	7.7497514156369351E-2	0.13169155653241765	0.22958770517269114	1.3109210278713896	0.20853682213296432	1.2997250006375753	1.0567515292014107	0.73414058784091485	1.4847596642345662	0.64256846321481809	0.22422128669278713	0	0.96266738544513497	0.73886215561145285	0.83366868327822108	1.3169910485297756	1.6567421815690007	0.73997391833069015	1.2479066199368911	0.51942614005839916	0.49097804522584915	0.28630516241243859	0.78327945901566298	0.24807481354372204	0.72520345944248099	0.6867140320897297	0.69374624223218517	0.82501123812718624	0.70360099110535901	1.1209594429417269	0.68957528844872784	0.63211062693607056	0.61601958132517187	0.47351581888270378	0.20224658634787318	EKM	3.3655403551282423E-2	4.953925441709775E-2	0.76528805691989132	0.1233710329930461	3.3655403551282423E-2	0.1233710329930461	0.67795861596362106	6.1609118857863493E-2	7.9037663730902E-2	0.65324753001662517	0.15712142119380043	1.1138242989663791	0.76629610538493875	0.76629610538493875	0.28396290311513239	7.3085153564064392E-2	3.3655403551282423E-2	4.953925441709775E-2	0.76629610538493875	0.15712142119380043	0.1233710329930461	0.67795861596362106	0.65324753001662517	0.76629610538493875	0.22096750777494362	3.3655403551282423E-2	0.76528805691989132	7.9037663730902E-2	1.1138242989663791	0.79089517679788945	0.28396290311513239	7.3085153564064392E-2	0.26518713632719887	0.20333733381672398	0.15585738156372556	0.1649961267719556	0.15887670982988228	0.26518713632719887	1.3292409045736777	0.15585738156372556	0.1649961267719556	6.1609118857863493E-2	0.17069411304405946	0.17069411304405946	0.17069411304405946	0.17069411304405946	0.26076251975897263	1.8581770863753341E-2	0.26076251975897263	1.8581770863753341E-2	0.29414878522670523	0.12188655650945228	1.8581770863753341E-2	1.8581770863753341E-2	0.29414878522670523	0.26076251975897263	0.29414878522670523	7.3085153564064392E-2	0.1649961267719556	0.17069411304405946	0.32591587206716749	0.6529766861976305	0.22804367950019216	0.58694112919623065	0.26456456825995189	0.30925519925155864	0.6797403539832505	0.45294252233864524	0.26456456825995189	0.66925559235124399	0.75523380312077637	0.66505989202898008	0.42334193358058769	0.18921429467058329	0.18921429467058329	0.20333733381672398	0.15585738156372556	0.1649961267719556	0.15887670982988228	0.32591587206716749	0.6529766861976305	0.22804367950019216	0.58694112919623065	0.30925519925155864	0.6797403539832505	0.45294252233864524	0.66925559235124399	0.75523380312077637	0.66505989202898008	0.42334193358058769	KSG	1.4285217158806001	1.2179839930990632	0.59007922466159901	0.59007922466159901	1.0508708860155604	0.87634817258048137	0.77615962887743273	0.76528805691989132	8.1819876516038753E-2	1.0549385164004109E-2	1.3258203691761963	0.76769659443432392	0.20333733381672398	0.3442507898154486	0.44610000391175292	1.3331552506578623	4.953925441709775E-2	0.87634817258048137	0.76528805691989132	1.3258203691761963	1.4365574279114757	8.1819876516038753E-2	0.59007922466159901	0.20224658634787318	1.4285217158806001	0.76528805691989132	1.0549385164004109E-2	1.3292409045736777	0.77615962887743273	8.1819876516038753E-2	0.40992170934235328	1.0561474095634653	1.4365574279114757	4.0637330462559108E-2	1.2197417069679473	0.13825937738905766	1.0561474095634653	1.0774700813614753	4.0637330462559108E-2	1.0561474095634653	0.98415071197545911	0.96410107070228479	1.2197417069679473	1.2197417069679473	1.0774700813614753	0.80521699508848943	2.4709464605086606E-3	0.34628552345742153	0.54020414238886083	0.36610513463417815	0.3725962637090513	0.25910682009327635	0.34453470248834978	0.47656617891672903	7.3891763204140148E-2	2.7412805831434822E-2	2.6602590475804859E-3	2.5806999864872995E-3	0.26097118549484666	0.19809836815381371	4.8105832548721715E-2	1.3862209418477867E-3	1.2854068445443284E-2	2.8682627193377915E-3	1.0697100855875032E-2	3.0086861407581174E-3	0.80521699508848943	4.3086448938715501E-3	3.7005324602575621E-2	0	0.11412829743862105	0.10280500862547248	3.6180293255231331E-2	2.4974035719531412E-2	2.8682627193377915E-3	3.7005324602575621E-2	3.0086861407581174E-3	1.2854068445443284E-2	4.3086448938715501E-3	0	0.11412829743862105	0.54020414238886083	0.3725962637090513	0.25910682009327635	7.3891763204140148E-2	1.0508708860155604	0.76528805691989132	1.3258203691761963	1.3292409045736777	0.76769659443432392	Respondents
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