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Abstract

The elephants are considered the largest terrestrial mammalian in the world, requiring a larger
amount of plant material for survival. The degradation and shrinking of forest of the island
resulted due to anthropological activities. The ultimate result of the depletion and loss of
habitats and niches is the elephant migration to explore new habitats and food sources. Food
plays an important role in the elephant movement and is considered to be one of the factors
leading to Human-Elephant Conflict (HEC). The within-range enhancements of the elephant
forage availability led to within-range confine the elephant and reducing the gravity of the
HEC.

A study was conducted aiming to increase elephant forage availability in inaccessible
rangeland by establishing elephant forage plants. The study proposed a mechanism for
establishing forage plants through a device made up of bamboo cells. Information on the
elephant forage plants was gathered through the field and literature survey. The information
was placed in a database and used to prepare a Plant matrix. A questionnaire survey was
conducted on the palatability of the elephant forage plants, and based on the responses, an
index, the Forage Selection Index was developed. Bamboo was chosen as a construction
material since the Biological, mechanical and physical properties of the material are well
suited for the purpose.

A device was designed from bamboo cells with varying diameters and cutting angles and
optimum penetration depths. The optimized device was subjected to a field trial with eight
elephant forage plants. The best geometric shape, diameter, and the cutting angle for the
device for the optimum substrate penetration depth were shaped with double cutting, 7.5 cm

and 45°, respectively.

The grasses Pennisetum purpureum (Ali maana), Sacciolepis interrupta (Beru), Panicum
maximum (Gini thana), and Echinochloa glabrescens (Bajiri) demonstrated better
performance in the proposed device for the purpose of establishing elephant forage plants in
inaccessible elephant rangelands. Further, studies are needed to improve the device
performance for free falls from higher elevations and an array of elephant forage plants to

generalize the findings.

Keywords: Elephants forage availability, Device for establishing forage plants, bamboo cell

mediate device, Forage plant growth performance in bamboo mediated device.



ACKNOWLEDGEMENTS

I would like to express my deepest gratitude to the research supervisor, Prof. R. U.
Halwatura of the Department of Civil Engineering, for giving me the opportunity to
conduct a research-based on Wildlife under his invaluable guidance, encouragement,

and support throughout the research period.

I wish to extend my sincere gratitude to the BECK project research grant foundation

for funding during the research period.

The support given by Prof. (Mrs.) C. Jayasinghe (Head, Department of Civil
Engineering, University of Moratuwa), Dr. T.M.N. Wijayaratna (Research
Coordinator, Department of Civil Engineering, University of Moratuwa) and Dr.
Niranji Stanarachchi, Department of Civil Engineering, University of Sri

Jayewardenepura are greatly appreciated.

I am immensely grateful to Dr. S. Somaratne (Senior Lecturer, Department of Botany,
the Open University of Sri Lanka for his invaluable encouragement and guidance in

the statistical analysis of data.

The support given by Mrs. K.G.N.H. Weerasinghe, a postgraduate student of Prof. R.
U. Halwatura is also greatly appreciated.

I wish to express my greatest appreciation to all professionals in the Department of

Wildlife Conservation and Mahaweli Authority of Sri Lanka.

I also extend my kind appreciation to all team members of Green Pro Laboratory, all
the academic and non-academic staff of the Department of Civil Engineering and

everyone who helped me to complete this research successfully.

Finally, I would like to thank my husband and my parents for their unwavering support

and encouragement in completing this research efficiently.



TABLE OF CONTENT

Declaration

Abstract

Acknowledgements
Table of Content

List of Figures
List of Tables

List of Abbreviations

List of Appendices

Chapter 1: Introduction

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Background

Significance of the study

Scope and limitations of the research
Aim and objectives of the research
Methodology

Main findings

The arrangement of the thesis

Chapter 2: Literature Review

2.1

22

2.3

24

2.5

2.6

2.7

2.8

General

viii

Xii

Xiii

Trends in forest cover change and Human Elephant Conflict in Sri Lanka 7

Elephants in the world

Asian elephants

Asian elephants in Sri Lanka

Major aspects of habitats and ecology
Human-Wildlife conflict (HWC)

Human-Elephant conflict (HEC)

11

12

13

14



2,9  Measures and strategies of Human-Elephant conflict (HEC) mitigation 18

2.9.1  The measures taken for mitigation of HEC 18
2.9.2 Remedial measures of HEC Mitigation 21
2.10 Sri Lankan state and public perspectives of HEC 22

2.11 Elephant forage plants and Availability of grazing forages in Sri Lanka 26

2.12  Section of Plant Transplantation method 28
2.13 Suitability of Bamboo material as a device 29
2.14 Summary 31
Chapter 3: Research Methodology 32
3.1  General 32
3.2 Development of a database for Elephant-forage plants 32

3.3 E-base survey on the perceived palatability of Elephant forage plants 33
3.3.1 Forage plant Selection Matrix and Index 34
3.4  Field Experiment 1: Designing and optimization of Planting Device 35

3.5 Field experiment 2: Evaluation of the device for growth performance of

forage plants 41
3.5.1 Experimental site 41
3.5.2  Experimental Design 41
3.5.3  Layout of the experiment 42
3.5.4  Bed preparation and Transplantation 44
3.5.,5 Data Recording 45

3.6  Data Analysis 46

3.7 Summary 46

Chapter 4: Results and Discussion 48

4.1  General 48



4,2  Plant Database 48

4.3  Evaluation of the perceived palatability of forages 49
4.3.1  Questionnaire survey 49
4.3.2  One-way Analysis of Variance (ANOVA) of perceived palatability 55

4.4  Elephant Forage plant Selection Matrix 58

4.5 Development of Forage Selection Index (FSI) 59
45.1 Method of plant propagation 59
4.5.2  Yield score of Elephant forage plants 60
45.3  Comparison of scores of palatability, yield and propagation by forage
plants 62
45.4  Grouping trends in forage plants - Cluster analysis 63
455 Forage Selection Index (FSI) 64

4.6 Field Experiment 1: Optimization of Bamboo device for the planting

mechanism
4.6.1
46.2

4.6.3

diameter

66
Relationship between cutting angle Vs. penetration depth 66
Relationship between diameter Vs. penetration depth 67
Variation of the penetration depth by cutting angle, shape and by

68

4.7  Field Experiment 2: Evaluation of Device Performances with Forage plants

74
4.7.1
4.7.2
4.7.3

4.7.4

stage

4.7.5

Effect of Treatments on plant height 74
Effect of treatment on number of leaves per pot 77
Effect of treatments on tillers of plant per pot 78

Effect of Treatments on number of days taken to reach plants’ flowering
81

Two Way Analysis of variance (Two-Way-ANOVA) 82

Vi



4.7.6  Multiple comparison of means across treatments 84
4.8  Discussion 90
4.8.1  Construction of plant database 90

4.8.2  Questionnaire survey for the evaluation on perceived palatability of

elephant forages 90
4.8.3  Forage plant matrix and Forage Selection Index (FSI) 92

4.8.4  Field Experiment 1: Designing and Optimization Bamboo Planting
Device 93

4.8.,5 Field Experiment 2: Evaluation of Device Performances with Forages

95
4.9  Research findings 97
4.10 Summary 98
Chapter 5: Conclusion and Recommendations 100
5.1  Conclusion 100
5.2 Recommendations 102
5.3  Limitations 102
5.4  Future Developments and Possibilities 103
References 104

vii



LIST OF FIGURES

Figure 2-1: Population density of Asian elephants by countries. 10
Figure 2-2: Population density of Asian elephants in different countries by regions.10
Figure 2-3: Asian elephant herd in Sri lanka. 11
Figure 2-4: Consequences of Human elephant in Sri Lanka. 14
Figure 2-5: (a) Human and elephant deaths by the year and (b) Government raised
budget for EHC damages from 2008 to 2022. 16
Figure 2-6: Causes of Elephant Death in 2021. 17
Figure 2-7: Distribution of elephants by Wildlife regions in Sri Lanka. (Modified
after Rajapakse et al., 2019). 25
Figure 2-8: Plant establishment methods; (a) Parachute method and (b) Seed ball
method. 29
Figure 2-9: Anatomy of a Bamboo culm with a longitudinal section. 30

Figure 3-1: Field observations at Human - Elephant conflicted areas in Sri Lanka. 32
Figure 3-2: Theoretical concept of using aircraft for the establishment of elephant

forage plants in elephant ranges. 35
Figure 3-3: Designed Bamboo devices for the Experiment 1; (a) Shape 1, (b) Shape

2. 36
Figure 3-4:Preparation of Bamboo structures using Circular power saw. 37
Figure 3-5: Some prepared Bamboo structures for the Experiment 1. 37
Figure 3-6: Metal pills. 37
Figure 3-7: Artificial marshland used for the optimization process; (a) soil saturation

by excess water level and (b) saturated soil barrel. 38

Figure 3-8: (a) Free-fall experiment conducted for the device optimization process;
Artificial marshland with penetrated device and (b) Free-falling of

device from two story building. 39
Figure 3-9: Sketch diagram for the Measuring of penetration in the marshland using

proposed devices (Shapel and Shape 2). 39
Figure 3-10 : Behaviour of the devices during the freefall experiment. 40

Figure 3-11: Side view of sunken beds prepared for the field experiment 2 : 42
Figure 3-12: Field layout; (a) Control, Bamboo devices (550 mm); (b) on surface &
(c) submerged , Poly bags; (d) Std. size (250 mm) & (e) height of 550
mm. 43
Figure 3-13: Primary land preparation and culturing practices. 44
Figure 3-14: Initial stage of the plants transplanted in the beds treated by (a) Control,
(b) Poly bags; height of 55cm, (¢) Std. size & Bamboo devices (55cm);
(d) on surface & (e) submerged . 44
Figure 3-15: Vegetative stages of forage plants in each beds: (a) Control, (b) Poly
bags; height of 55cm, (c) Std. size & (d) Bamboo devices (55cm); on

surface & (e) submerged. 45

Figure 3-16: Flowering stages of forage plants in Bamboo devices. 45
Figure 4-1: (a) Responders’ gender distribution and (b) province within the sample.

51

Figure 4-2: Distribution of plant types within the sample. 54
Figure 4-3: The variation of the palatability within the plant types included in the

study. 55

viii


file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868926
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868927
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868928
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868929
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868930
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868930
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868931
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868932
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868932
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868933
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868933
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868934
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868935
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868936
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868936
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868937
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868937
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868938
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868939
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868940
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868941
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868941
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868942
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868942
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868942
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868943
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868943
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868944
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868945
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868946
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868946
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868946
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868947
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868948
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868948
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868948
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868949
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868949
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868949
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868950
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868951
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868951
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868952
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868953
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868953

Figure 4-4: Distribution pattern of palatability level (Mean Score percent) of plants

by provinces. 57
Figure 4-5: A dendrogram showing the relationships between the elephant fodder
plants. 63
Figure 4-6: Graphical presentation of Forage Slection Index. 65
Figure 4-7: Relationship between the cutting angle and the depth of penetration of
the two shapes of bamboo mediated devices. 66
Figure 4-8: Relationship between the diameter and the depth of penetration of the two
shapes of bamboo mediated structures. 67
Figure 4-9: Variation of mean penetration depth (cm) by shape, diameter (mm), and
angle of the device. 68
Figure 4-10 : Graphical presentation of variation in plant height along the different
treatments. 76
Figure 4-11: Graphical illustration of variation of height of individual plant species
in each treatment. 76
Figure 4-12 : Graphical illustration of the variation of No. of leaves / pot by the
treatments. 77
Figure 4-13: Graphical illustration of variation of No. of leaves/pot of individual
plant species in each treatment. 78
Figure 4-14: Graphical illustration of the variation of the No. of tillers per pot with
the treatments. 79
Figure 4-15: Graphical illustration of variation of No. of tillers per pot of individual
plant species in each treatments. 80
Figure 4-16: Graphical illustration of the variation in the No. of days taken for
flowering stage with the treatments. 81
Figure 4-17: Variation in the No. of days taken for reaching the flowering stage by
individual plant species in each treatments. 82


file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868954
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868954
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868955
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868955
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868956
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868957
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868957
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868958
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868958
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868959
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868959
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868960
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868960
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868961
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868961
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868962
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868962
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868963
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868963
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868964
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868964
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868965
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868965
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868966
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868966
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868967
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868967

LIST OF TABLES

Table 2-1: Estimated number of Asian elephants in the wild by country and regions

within country. 9
Table 2-2: Wildlife Regions in Sri Lanka 24
Table 3-1: Likert scale with palatability levels. 33
Table 3-2: Likert scale with propagation. 34
Table 3-3 Climatic parameters of the experimental area. 41
Table 3-4: Details of the treatments used in the experiment. 42
Table 4-1: List of selected Elephants’ forage plants in Sri Lanka. 49
Table 4-2: Distribution of responders across the provinces. 50
Table 4-3: Gender distribution in sample by the provinces. 50
Table 4-4: The averaged percentage palatability score among the elephant forage
plants collected in the study. 52
Table 4-5: Distribution of palatability classes by plant species. 53
Table 4-6: Summary of the Analysis of Variance (ANOVA) performed on the
palatability levels across the provinces and plant species. 56
Table 4-7: Elephant-forage plant selection matrix. 58
Table 4-8: Cross tabulation of plant species by their method of propagation. 59
Table 4-9: Annual dry yield values of forage plants. 60
Table 4-10: Cross tabulation of plant species and their yield sortation. 61
Table 4-11: Summary of the palatability score, yield score, and method of
propagation percentage by forage plants. 62
Table 4-12: Summary of the principal components analysis. 64

Table 4-13: Comparison of penetration depth of different shapes of the devices. 69
Table 4-14: Means of penetration depth with the diameter classes of the device of

Shape 2. 70

Table 4-15: Means of penetration depth with the cutting angle of the device Shape 2.
70

Table 4-16: Mean comparison of penetration depth with the diameter classes of the
device of Shape 2. 71

Table 4-17: Mean comparison of penetration depth with the angle classes of the
bamboo mediated Structure 2. 72

Table 4-18: Summary of 3-way ANOVA of penetration depth by shape of device.
angle and diameter. 73

Table 4-19: Summary of the results obtained from one-way analysis of variation of
depth by Devices. 73

Table 4-20: Multiple comparison matrix of mean penetration differences between
diameter class and degree. 74

Table 4-21: Summary of Two-Way ANOVA result of results of measured plant
growth parameters. 83

Table 4-22 : Multiple comparisons (LSD) of plant height across the treatment. 85
Table 4-23 : Multiple comparisons (LSD) of the number of leaves /pot the treatment.

86
Table 4-24: Multiple comparisons (LSD) of the number of tillers /pot the
treatment. 87


file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868970
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868972
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868973
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868982
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868983
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868984
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868984
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868985
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868986
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868987
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868987
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868988
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868988
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868989
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868989
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868990
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868990
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868994
file:///C:/Users/DELL/Desktop/Win%2032.docx%23_Toc108868994

Table 4-25: Multiple comparisons (LSD) of the number of days taken for flowering

across the treatment. 88
Table 4-26: Summary of mean comparison of measures data for plant growth
parameters across different treatments. 89

Xi



LIST OF ABBREVIATIONS

Abbreviations  Description

ANOVA Analysis of Variance

CA Cluster Analysis

DWC Department of Wildlife Conservation
Df degrees of freedom

EHC Elephant Human Conflict

FSI Forage Selection Index

LSD Least Significant Difference

IJUCN International Union for Conservation of Nature
PCA Principal Component Analysis
RCBD Randomized Complete Block Design
RTI Right to Information

Std. Standard

Xii



LIST OF APPENDICES

Appendix- A: Letters of Approvals 141
Appendix- B: Plant Database. 142
Appendix C: Questionnaire form used in the E- Base Survey (Google Form). 155
Appendix- D: Reliability analysis. 158
Appendix- E: Formats for data recording. 159
Appendix- F: Comparison of mean penetration depth by shape of the device, angle
class and diameter class. 160
Appendix- G: Multiple comparison (LSD) of penetration depth by different diameter
classes of Shape 2. 162
Appendix- H: Multiple comparison of penetration depth by different cutting angle
classes of Shape 2. 163
Appendix- I: Mean height of plant across the treatment. 164
Appendix- J: Average No. of leaves /pot across the treatment. 165
Appendix- K: Variation of the No. of tillers/pot across the treatment. 166

Appendix- L: No. of days taken to reach flowering stage across the treatment. 167
Appendix- M: Multiple Comparisons (LSD) of Plant height across the treatment. 168
Appendix- N: Multiple Comparisons (LSD) of the No. of leaves /pot across the

treatment. 169
Appendix- O: Multiple Comparisons (LSD) Of the No. of leaves /pot across the
treatment. 170

Xiii



