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Summary 

Round Island is a small (208 ha) islet of volcanic origin located 22.5 km north east of 

mainland Mauritius and has been classified as a nature reserve since 1957. Two sites were 

chosen for the installation of environmental monitoring equipment. A series of Gerlach 

troughs were installed to capture surface sediment transported by runoff, which were used to 

document sediment yields and determine the particle size distribution. Overall, rainfall and 

erosivity on Round Island is far less, when compared to mainland Mauritius. However, 

erosivity from Round Island (2,314.76 MJ.mm.ha-1.h-1.yr-1) is slightly above the global 

average of 2,190 MJ.mm.ha-1.h-1.yr-1. In terms of sediment transport, the annual sediment 

movement rates for Round Island were established during this study (0.1248 t.ha-1.yr-1) and 

were found to be considerably lower than Mauritius (10 t.ha-1.yr-1), as well as other tropical 

island such as Kauai (0.86 t.ha-1.yr-1) and O’ahu (0.6 t.ha-1.yr-1). Thus, although the estimated 

rates of soil erosion are very low for humid tropical regions, these rates only reflect the 

contemporary environmental conditions and cognisance of the landscape history should be 

incorporated into assessments of soil erosion. 

 

Key terms 

Rainfall, erosivity, kinetic energy, soil erosion, gullies, Gerlach trough, sediment, particle size 

distribution, R-factor, EI30, vegetation, soil conservation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Declaration  iii 
__________________________________________________________________________________________ 

 

DECLARATION 

 

 

Name:                Darren Rhett Calvert 

 

Student number:   50857185 

 

Degree:       Master of Science (Geography) 

 

 

An investigation of rainfall characteristics, erosivity and soil erosion on Round Island, 

Mauritius 

 

I declare that the above dissertation/thesis is my own work and that all the sources that I have 

used or quoted have been indicated and acknowledged by means of complete references. 

 

             30.08.2017 

SIGNATURE        DATE 

 

 



Abstract  iv 
__________________________________________________________________________________________ 

 

Abstract 

Round Island is a small (208 ha) islet of volcanic origin located 22.5 km north east of 

mainland Mauritius and has been classified as a nature reserve since 1957. The island was 

subjected to heavy overgrazing by goats (Capra hircus) and rabbits (Oryctolagus cuniculus), 

which detrimentally affected the ecology of the island. Since the removal of the non-

indigenous grazers in 1979, intense conservation management has taken place in an effort to 

restore and preserve Round Island’s unique ecological significance.  

 

Round Island is a basaltic volcanic cone with steep slopes averaging between 10-30° 

and due to its porous and friable rock, weathering and subsequent erosion by water and wind 

processes are very prominent. Flooding during intense rainfall events has sculpted gullies 

throughout the island that intensify closer to the shoreline. Thus, the purpose of this research 

was to understand the drivers of soil erosion on Round Island with the aim to develop ways to 

better manage erosion. The characteristics of individual rainfall events with regards to kinetic 

energy and erosivity were determined in an effort to identify the characteristics of runoff and 

quantify the rate soil erosion on Round Island.  

 

Two sites were chosen for the installation of environmental monitoring equipment, 

which were used to record air temperature, soil temperature, soil moisture, wind speed and 

direction as well as rainfall every 15 minutes on a tipping resolution of 0.2 mm. A series of 

Gerlach troughs were installed to capture surface sediment transported by runoff, which were 

used to document sediment yields and determine the particle size distribution. In 2015, mean 

annual rainfall for Round Island was 699 mm, which was considerably less than the previous 

recorded average of 866 mm. However, cognisance should be made of the fact that no tropical 

cyclones were recorded during the study period. Using the EI30 method to find the “R-factor”, 

erosivity was calculated for the study period. The maximum erosivity produced during an 

individual rainfall event on Round Island was 21,516.3 J.mm.m-2.h-1, which was considerably 

less than the maximum erosivity calculated on Mauritius by other studies conducted.  

 

Overall, rainfall and erosivity on Round Island is far less, when compared to mainland 

Mauritius. However, erosivity from Round Island (2,314.76 MJ.mm.ha-1.h-1.yr-1) is slightly 

above the global average of 2,190 MJ.mm.ha-1.h-1.yr-1. In terms of sediment transport, the 

annual sediment movement rates for Round Island were established during this study (0.1248 
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t.ha-1.yr-1) and were found to be considerably lower than Mauritius (10 t.ha-1.yr-1), as well as 

other tropical island such as Kauai (0.86 t.ha-1.yr-1) and O’ahu (0.6 t.ha-1.yr-1). Thus, although 

the estimated rates of soil erosion are very low for humid tropical regions, these rates only 

reflect the contemporary environmental conditions and cognisance of the landscape history 

should be incorporated into assessments of soil erosion. The barren landscape and very low 

contemporary rates of soil erosion suggest that most of the erodible soil has already been 

eroded.  

 

Going forward, high resolution rainfall data recording must continue to ensure more 

accurate assessments and should focus on establishing the rainfall erosivity over a longer 

period (more than 20 years). Future research should make use of unmanned aerial vehicles 

(i.e. drones) in order to capture high resolution aerial photography and build digital elevation 

models. These can be used to model soil erosion on an island-scale as well as the hydrology 

of Round Island. Modelling the hydrology will allow researchers to identify key areas where 

soil erosion is intensified, identifying important areas for revegetation.  

 

The island is of great biological importance and home to a number of endangered 

plant and wildlife species which must be protected and conserved. Therefore, conservation 

efforts should focus on wide-scale revegetation, especially in key areas where soil erosion is 

likely to be more intense. Further investigations into the potential impacts of introduced non-

indigenous tortoise species and burrowing bird species as geomorphic agents should be 

conducted, especially with regards to sediment displacement and nutrient cycling within the 

ecosystem. In particular, an investigation into the spatial extent of burrowing by bird species, 

the volume of displaced soil by burrowing and nutrient cycling around the burrows could 

reveal various insights into the impacts of burrowing bird species as geomorphic agents and 

ecosystem engineers on Round Island; one of the few seabird breeding stations in the Western 

Central Indian Ocean.  

 

 

 



Acknowledgements  vi 
__________________________________________________________________________________________ 

 

Acknowledgements 

There are many people and organisations to which I am very thankful. Firstly, this 

study was made possible through the research funds made available by the College of 

Agriculture and Environmental Science (CAES) at the University of South Africa. I would 

like to express my sincere gratitude to the Mauritian Wildlife Foundation and the Mauritian 

National Parks and Conservation Services for granting me permission to undertake research 

on Round Island, Mauritius. To Dr Vikash Tatayah for his enthusiasm in the project and for 

facilitating our stay and safe transfer to and from Round Island. To the rangers stationed on 

Round Island, for looking after us during our stay, for their valued input and most 

importantly, for their assistance in the collection of the sediment samples.  

 

To my supervisor, Prof. D.W. Hedding, for introducing me to the topic and for sowing 

the initial seeds in my mind. He has been the most incredible mentor along this journey 

through which I have learnt and grown a great deal. I would like to thank him for his constant 

support, encouragement and guidance, his thought-provoking input, patience and continued 

help with the writing and feedback provided throughout this study.   

 

To my colleagues for lightening my load at work, which allowed me more time to 

focus on this study. To Hellene Steenkamp for her assistance with my travel arrangements and 

funding applications. To Ryan Anderson for his continued support, encouragement and many 

conversations centered around rainfall erosivity. You were a great source of knowledge and 

guidance and I am lucky to have you as a friend and colleague. To Kenneth Manuel who 

became one of my closest friends as we both embarked on the journey to obtaining our 

Masters’, his continued support and encouragement was unrelenting and I will be forever 

thankful. 

 

To my buddies, Mike, Ayden, Shane and Ryan, I say thank you for your support and 

friendship throughout this study and for understanding my lack of participation in the last few 

years.  

 

For me, this masters represents more than just a piece of scientific work, but rather an 

example of how, with consistency, success is imminent. It has taught me an immense amount 

along the way, provided me with many challenges, from which I have grown in stature and 



Acknowledgements  vii 
__________________________________________________________________________________________ 

 

learnt a great deal about myself and life in general. I am extremely thankful for this incredible 

journey. 

 

To my family, extended family and all of my friends who provided a consistent source 

of support, love and encouragement, for which, I am very grateful. 

 

Finally, to Claire, who came into my life right at the start of my research. She lifted 

me up when I was feeling down, encouraged me when I felt I couldn’t do it any longer and 

provided the most incredible support, love and understanding a man could ever wish for. 

Thank you for everything you continue to do for me, without you, this would not have been 

possible.  

  



Table of Contents  viii 
__________________________________________________________________________________________ 

 

Table of Contents 

Summary ................................................................................................................................... ii 

Key terms................................................................................................................................... ii 

DECLARATION ..................................................................................................................... iii 

Abstract .................................................................................................................................... iv 

Acknowledgements .................................................................................................................. vi 

Table of Contents ................................................................................................................... viii 

List of Figures ........................................................................................................................... x 

List of Tables .......................................................................................................................... xiii 

Chapter 1: Introduction ......................................................................................................... 14 

Introduction ........................................................................................................................... 14 

General Aims and Objectives ............................................................................................... 14 

Soil Erosion ........................................................................................................................... 15 

Erosion by Water ............................................................................................................... 17 

Rainsplash and sheetwash erosion .................................................................................... 17 

Rill Erosion ....................................................................................................................... 20 

Gully Erosion .................................................................................................................... 21 

Rainfall Erosivity .................................................................................................................. 22 

Causal Factors ....................................................................................................................... 26 

Rationale ............................................................................................................................... 27 

Research Aims and Objectives ............................................................................................. 27 

Project Outline ...................................................................................................................... 28 

Chapter 2: Round Island: Environmental Setting .............................................................. 29 

Location ................................................................................................................................ 29 

Volcanology and Geology .................................................................................................... 30 

Topography ........................................................................................................................... 31 

Climate .................................................................................................................................. 32 

Pedology ............................................................................................................................... 34 

Geomorphology .................................................................................................................... 35 

Vegetation ............................................................................................................................. 37 

History and management of Round Island............................................................................ 40 

Chapter 3: Methodology ........................................................................................................ 45 

Data sources/Study sites ....................................................................................................... 45 



Table of Contents  ix 
__________________________________________________________________________________________ 

 

Data collection techniques .................................................................................................... 46 

Atmospheric Monitoring ................................................................................................... 46 

Sediment Transport ........................................................................................................... 47 

Defining an erosive event ..................................................................................................... 52 

Data analysis and interpretation ............................................................................................ 53 

Determining rainfall event kinetic energy and erosivity....................................................... 53 

Determining the relationship between rainfall and sediment movement.............................. 55 

Issues of reliability and validity ............................................................................................ 56 

Chapter 4: Results .................................................................................................................. 58 

Round Island rainfall characteristics ..................................................................................... 58 

Erosive characteristics of rainfall events ........................................................................... 63 

Sediment transport ................................................................................................................ 73 

Sediment transport and catchment area ................................................................................ 79 

Particle size analysis ............................................................................................................. 89 

Chapter 5: Discussion ............................................................................................................. 91 

Soil on Round Island ............................................................................................................. 91 

General rainfall attributes ..................................................................................................... 92 

Erosive events ....................................................................................................................... 93 

Sediment transport rates on Round island ............................................................................ 94 

Soil conservation ................................................................................................................... 96 

Zoogeomorphology ............................................................................................................... 98 

Landscape Dynamics .......................................................................................................... 101 

Chapter 6: Conclusion ......................................................................................................... 103 

Summary and key findings ................................................................................................. 103 

Scope for future research .................................................................................................... 105 

References.............................................................................................................................. 107 

Appendix 1 ............................................................................................................................ 121 

 



List of Figures  x 
__________________________________________________________________________________________ 

 

List of Figures 

Figure 1.1: Diagrammatic representation of rainsplash erosion (Adapted from Summerfield, 

1991). ................................................................................................................ 19 

Figure 2.1: Location map of Mauritius and northern islets including Round Island................ 29 

Figure 2.2: Contour map of Round Island. Note the transects for the cross-profiles. .............. 30 

Figure 2.3: Oblique view of Round Island looking north-west. ............................................... 31 

Figure 2.4: A) South-North cross-profile. B) West-East cross profile. Cross-profiles are 

presented in meters. .......................................................................................... 32 

Figure 2.5: Map showing paths of major cyclones, including Dina (2002) and Gumede (2007), 

that have affected Mauritius and northern islets (Cyclone tracks adapted from 

U.K. Meteorological Office, 2007). .................................................................. 34 

Figure 2.6: Satellite image of Round Island showing gully erosion and location of study sites.

........................................................................................................................... 37 

Figure 2.7: Map of habitat types of Round Island (Adapted from Johnston, 1993). ................ 38 

Figure 2.8: The Blue Latanier (Latania loddigeslii) found on the south-west ridge of Round 

Island. Note the steep slope gradient. ............................................................... 39 

Figure 2.9: Bare steps of tuff in the foreground with Mixed weed habitat which traps 

sediment, promoting vegetation growth in the background. ............................. 40 

Figure 2.10: Increased vegetation cover due to soil trap, used as a conservation method to 

prevent sediment from moving downslope. ...................................................... 42 

Figure 2.11: A Casarea dussumieri ground boa on Round Island. Individual approximately 

0.6 m in length. ................................................................................................. 43 

Figure 2.12: An introduced Aldabrachelys gigantean tortoise on Round Island. .................... 43 

Figure 2.13: A breeding pair of red-tailed tropicbirds (Phaethon rubricauda) on Round Island.

........................................................................................................................... 44 

Figure 3.1: Environmental monitoring station located at the Wasteland study site. ................ 46 

Figure 3.2: Automatic rainfall tipping bucket (0.2 mm resolution) attached to environmental 

monitoring station. ............................................................................................ 47 

Figure 3.3a: View looking east. Note the mechanical soil erosion structures and Gerlach 

trough in the foreground, the person for scale and the Wasteland rainfall station 

in the background. ............................................................................................. 48 

Figure 3.3b: Gerlach trough with captured sediment. .............................................................. 48 



List of Figures  xi 
__________________________________________________________________________________________ 

 

Figure 3.4: Monthly sediment samples stored in bags for analysis. Wet sediment was left to 

dry in the sun for several hours. ........................................................................ 49 

Figure 3.5: The eight sample sites with Gerlach trough installed. ........................................... 50 

Figure 3.6: Map of Gerlach trough catchment areas. ............................................................... 51 

Figure 3.7: Particle size analysis using 2 mm sieve. Note, a large amount of gravel left behind.

........................................................................................................................... 52 

Figure 4.1: Monthly distribution of rainfall per station over study period. .............................. 58 

Figure 4.2: Total rainfall and total depth of erosive rainfall (mm) over the study period. ....... 59 

Figure 4.3: Box and whisker plots displaying shape and distribution of rainfall characteristics 

per study site. .................................................................................................... 60 

Figure 4.4: Annual erosive event totals for each station 2014-2016. ....................................... 61 

Figure 4.5: Average number of erosive events experienced by each station during each month 

for study period. ................................................................................................ 62 

Figure 4.6: Mean monthly rainfall for study period. ................................................................ 63 

Figure 4.7: Box and whisker plots displaying shape and distribution of erosive rainfall 

characteristics per study site. ............................................................................ 64 

Figure 4.8: Relationship between storm kinetic energy and storm depth (n=37). ................... 68 

Figure 4.9: Relationship between erosivity and storm depth (n=37). ...................................... 69 

Figure 4.10: Relationship between kinetic energy and storm duration (n=37). ....................... 70 

Figure 4.11: Relationship between erosivity and storm duration (n=37). ................................ 71 

Figure 4.12: Monthly distribution of rainfall erosivity and rainfall experienced at each station 

over the study period. ........................................................................................ 72 

Figure 4.13: Wasteland monthly erosivity and displaced sediment weight. ............................ 76 

Figure 4.14: South-West ridge monthly erosivity and sediment movement. ........................... 77 

Figure 4.15: Box and whisker plot displaying shape and distribution of mean sediment 

displacement (g) per area (m2). ......................................................................... 81 

Figure 4.16: Relationship between combined average displaced soil weight and average total 

rainfall (n=19). .................................................................................................. 83 

Figure 4.17: Relationship between combined average displaced soil weight and average 

kinetic energy (n=19). ....................................................................................... 84 

Figure 4.18: Relationship between combined average displaced soil weight and average 

erosivity (n=19). ................................................................................................ 85 

Figure 4.19: Relationship between combined average displaced soil weight divided by 

catchment area and average total rainfall (n=19). ............................................. 86 



List of Figures  xii 
__________________________________________________________________________________________ 

 

Figure 4.20: Relationship between combined average displaced soil weight divided by 

catchment area and average kinetic energy (n=19)........................................... 87 

Figure 4.21: Relationship between combined average displaced soil weight divided by 

catchment area and average erosivity (n=19). .................................................. 88 

Figure 4.22: Grain size distribution diagram with site A and B indicated as points. ............... 89 

Figure 5.1: Largely barren landscape of Round Island. ........................................................... 96 

Figure 5.2: A) Geo-technical mesh screen to slow the transport of sediment. B) Stone wall 

sediment trap. Hat for scale. ............................................................................. 98 

Figure 5.3: View downslope of lower “big gully” towards the coastline, which deeply dissects 

the landscape and represents erosion of the highest severity on Round Island 

with researcher circled for scale. ...................................................................... 99 

Figure 5.4: Evidence of seabird burrows into soil on Round Island. Hat for scale. ............... 101 

 



List of Tables  xiii 
__________________________________________________________________________________________ 

 

List of Tables 

Table 3.1: Example storm and how kinetic energy is calculated. ............................................ 55 

Table 4.1: Total rainfall and total depth of erosive rainfall (mm), percentage of erosive rainfall 

and the total number of erosive events experienced by each station over the 

study period. ...................................................................................................... 59 

Table 4.2: Characteristics of erosive rainfall events measured at the Wasteland and South-

West Ridge monitoring stations with the highest total from each attribute 

highlighted. ....................................................................................................... 66 

Table 4.3: Erosive event attributes at the Wasteland and South-West Ridge rainfall stations 

over the study period with mean and median (in brackets). ............................. 67 

Table 4.4: Attributes of erosive rainfall events as measured at the Wasteland and South-West 

ridge. ................................................................................................................. 67 

Table 4.5: Attributes of each catchment area and Gerlach trough. .......................................... 73 

Table 4.6: Weight (g) of sediment samples collected during study period at the Wasteland 

with rainfall (mm) and erosivity (EI30) included for reference (n = 152). ........ 74 

Table 4.7: Weight (g) of sediment samples collected during study period at the South-West 

ridge with rainfall (mm) and erosivity (EI30) included for reference (n = 152).

........................................................................................................................... 78 

Table 4.8: Sediment weights (g) divided by catchment area (m2)............................................ 80 

Table 4.9: Grain size distribution from each sample site. ........................................................ 90 

Table 4.10: Wentworth textural classification in relation to particle size. ............................... 90 

Table 5.1: Mean rainfall erosivity values as per Panagos et al (2017) for comparison to Round 

Island. ................................................................................................................ 94 



Chapter 1  14 

__________________________________________________________________________________________ 
 

Chapter 1: Introduction 

Introduction 

Round Island is a small (208 ha) islet of volcanic origin located 22.5 km north east of 

mainland Mauritius. Before 1957, the island was subjected to heavy overgrazing by goats 

(Capra hircus) and rabbits (Oryctolagus cuniculus) which were introduced in the 19th Century 

(Cheke, 1987), detrimentally affecting the ecology of the island. Since then, the island has 

been classified as a nature reserve, the non-indigenous grazing animals were all removed by 

1979 and weed eradication and vegetation monitoring commenced shortly thereafter (MWF, 

2008). Round Island’s relative isolation and close management protects it from further 

introductions of several pests and predators and, today, it is home to a number of endangered 

plant and wildlife species, with its native reptile fauna being internationally famous 

(Carpenter et al., 2003). Round Island is one of the very few islands to be rodent-free and 

hosts the largest native vegetation in Mauritius and, as such, is known internationally as a 

place of exceptional biological importance. It is home to at least 10 endemic plant species, 

including the largest remaining area of palm forest which once dominated the lowlands of 

north and west Mauritius, eight native reptile species and the only known breeding ground in 

the Indian Ocean for the South Trinidad Petrel (Bullock et al., 1982).  

 

General Aims and Objectives  

Monitoring and management on Round Island can be considered a great success story, 

with the rehabilitation process gaining international praise (MWF, 2008). However, many 

parts of the island remain barren and, despite the effort of those involved in conservation 

practices, erosion remains a significant hindrance to habitat restoration. In order to select 

appropriate conservation measures, the identification and classification of erosive rainfall 

events is the first step to understanding the drivers of soil erosion. The island is a basaltic 

volcanic cone with steep slopes averaging between 10-30°. Due to its porous and friable rock, 

weathering and subsequent erosion by water and wind processes are very prominent. Flooding 

during intense rainfall events has sculpted gullies throughout the island that intensify closer to 

the shoreline. The purpose of this research is thus to understand the drivers of soil erosion on 

Round Island with the aim to develop ways to better manage erosion. This will include 

determining the erosive characteristics of individual rainfall events, identifying the 

characteristics of runoff and quantifying the rate of soil erosion.  
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Soil Erosion 

The form of a landscape is dependent on the nature, frequency and magnitude of 

geomorphic forces acting upon it, as well as the strength and resistance to deformation found 

in the surface materials of which it is made (Lal, 1990; Toy et al., 2002; Morgan, 2005). Rock 

and soil are the two fundamental types of material which make up a landscape. Rock being a 

hard, consolidated material comprised of individual particles or crystals. Soil, on the other 

hand, is an unconsolidated mineral and organic material which typically forms a continuous 

mass, often characterised by horizons or layers, lacking any joints or fissures, which is 

considerably weakened when saturated with water (Lal, 1990; Toy et al., 2002; Morgan, 

2005; Waugh, 2014).  

 

Soil can be found in most regions and landscapes and plays a crucial role in 

supporting the natural ecosystems on earth (Singer & Warkentin, 1996). Soil provides a 

medium for plant growth by supplying useful nutrients, acting as a reservoir for water and 

influences water quality, soil also aids in recycling dead plants and animals while providing a 

habitat for several important organisms (Chapman, 2005). The erosion of soil is, therefore, a 

significant problem experienced by many countries (Lal, 2001) and developing countries are 

usually the worst affected by soil erosion (Morgan et al., 1998). Accelerated erosion of soil 

often leads to socio-economic, economic and environmental problems. 

 

Soil erosion is related to a wider concept termed soil degradation, as much as 15% of 

the earth’s ice-free land surface has been historically affected by some form of land 

degradation, 56% of which can be attributed to water erosion in the form of rainfall, rivers 

and oceans (GLASOD, 1990). According to Schwab et al. (1996), soil erosion by water is one 

of the most important natural resource management problems to date. Research by Haynes 

(1997) has shown that soil degradation leads to a decline in soil fertility, loss of organic 

matter, the breakdown of soil structure, and changes to the physical and chemical composition 

of soil.  

 

Soil erosion is a three-phase process consisting of the detachment of individual soil 

particles from the soil mass, the transportation by erosive forces and finally, the deposition of 

soil particles once carrying capacity (energy) is lost. Erosion processes and the factors 

influencing them vary depending on the scale at which they are studied. An example of what 

may be considered an “extreme” rainfall event within a small watershed may only be 
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classified as a normal event had the scale been larger. Soil erosion is also distinguished 

between “natural” and “accelerated”, with the latter being linked to the influence of human 

impact on the environment (Morgan, 2005). Natural erosion is caused by, for example, fire, 

excessive drought and floods. According to Karátson et al., (1999); Németh & Cronin, (2007) 

the erosion of volcanic cones is a natural process that begins during and immediately after 

(Dóniz-Paez et al., 2011) eruption. According to Bean et al. (2017), the bedrock incised 

gullies found on Round Island act as transport channels for sediment, which is eventually lost 

to sea, and has been deemed a natural cycle, where conservation efforts will remain 

ineffective. Accelerated erosion is a result of a number of factors that reduces the productive 

capacity of soils, they include; intense cultivation and overgrazing of vulnerable land, 

deforestation, pollution, as well as poor soil and water management. This has led to soil 

conservation becoming the focus of many studies today (Zachar, 1982). Although most 

erosion phenomena are natural processes that cannot be prevented, they can be reduced to an 

appropriate level by adopting the relevant soil conservation measures (Lal, 2001). 

 

 

Erosion can be defined as the natural detachment and transport of particles by erosive 

agents such as water in the form of rainfall, rivers and oceans, the movement of wind, and ice. 

These are referred to as fluvial erosion, aeolian erosion and glacial erosion respectively 

(Morgan, 2005). Fluvial erosion is considered to be a major form of erosion and takes place 

by rainsplash, overland flow or sheetwash, rill flow and gully development (Chapman, 2005). 

Aeolian erosion is the process of wind forced movement of particles (Zachar, 1982), which 

occurs when the topsoil is displaced and transported causing surface lowering (Beckendahl et 

al., 1988). Aeolian erosion generally takes place in open landscapes that have very little wind 

resistance to prevailing wind such as the South-East Trade Winds and can be exacerbated by 

the absence of vegetation.  

 

A major contributor to the absence of vegetation in the landscape is overgrazing. 

When animals are introduced to an area, grazing pressures which were previously not present 

can result in erosion. According to Evans (1998), up to 40% of Iceland has been affected by 

erosion as a result of overgrazing by sheep. Similarly, the island of Macquarie has 

experienced irreversible soil erosion due to the presence of rabbits (Costin & Moore, 1960) 

however, since their eradication, it is hoped that a positive effect on the landscape and 

ecosystem will take place (Bergstrom et al., 2009). Animal grazing tends to expand areas of 
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bare soil, which then becomes vulnerable to the elements, facilitating in the rapid runoff of 

rainfall. The acceleration of erosion is dependent on the intensity and frequency an area is 

grazed, as well as the area’s size and physical environment (Evans, 1998). Trampling also has 

severe effects on the rate of erosion by removing vegetation cover and creating depressions in 

the soil surface. Areas that are exposed to high intensity trampling often form tracks which 

channel rainfall runoff. This effect has been seen particularly in paths formed by cattle, which 

have led to the formation of gullies (Mulholland & Fullen, 1991). 

 

Erosion by Water 

During a rainfall event, water reaches the soil by throughfall, stemflow or leaf 

drainage, where it infiltrates and contributes to soil moisture storage. It can also move further 

down within soil as subsurface flow, and when infiltrating deeper, contributes to ground 

water. Excess surface water that can no longer be accommodated by the soil moves 

downslope as surface runoff. Soil infiltration rates exert a major control over the generation of 

surface runoff to which several properties of the soil influence its infiltration rate, they are; 

compactness, texture, tendency to crusting, presence of rock fragments, moisture and other 

characteristics (Lal, 1990; Toy et al., 2002; Morgan, 2005).  

 

The energy required for erosion to take place has two forms; potential and kinetic. The 

majority of kinetic energy gets dissipated by friction with the surface over which the erosive 

agent moves. Approximately three to four percent of the energy found in running water and 

0.2 percent from falling raindrops contribute to erosion. Running water travelling down rills is 

considered as the most significant erosive agent followed by raindrops and overland flow 

(Morgan, 2005). A number of erosion processes will be discussed below, they include; 

rainsplash, sheetwash, rill erosion and gully erosion.  

 

Rainsplash and sheetwash erosion  

Raindrop erosion is the detachment of soil and transport resulting from the impact of 

water droplets on the soil particles (Schwab et al., 2002; Morgan, 2005; Bryan, 2000; 

Addison, 1987). The erosivity of rainfall is often expressed in terms of its kinetic energy. 

Rainsplash is driven by rainfall kinetic energy, which is a function of dropsize and velocity, 

however, less than 0.3 percent of that energy is used in transport (Brandt & Thornes, 1987). 

Expended energy compacts the soil surface, which forms a splash crater (Figure 1.1). The 

effect is best seen in the development of a surface seal, where fine particles are washed into 
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pores, which forms an impermeable layer up to 10 mm thick. This layer reduces infiltration 

capacity, promoting greater runoff. According to Hoogmoed & Stroosnijder (1984), 

reductions in infiltration capacity of up to 50 percent can occur during a single storm. This 

effect is particularly evident in loamy sands, where, despite their considerable hydraulic 

conductivity, can generate considerable overland flow volumes, even during low-intensity 

rainfall events (Poesen, 1993). 

 

A theoretical model developed by Poesen (1993) shows that slope has a significant 

positive effect on soil detachment. However, the use of equations is unclear as many factors 

influence rainfall erosivity and soil erodibility, the two elements most related to detachment 

rate. With regards to soil erodibility, particle size ranges between 0.04-0.25 mm seem to be 

most susceptible to detachment (Poesen, 1993). Erodibility is also dependent on the wetness 

of the soil surface, when dry, soil is detached by a compression of air ahead of a wetting front, 

in addition to the direct impact of raindrops. When the soil is wet, it is most likely to be 

detached under saturation conditions since its shear strength is at a minimum (Al-Durrah & 

Bradford, 1982). 

 

Raindrop impact can be regarded as a principle detachment mechanism, prior to the 

removal of loosened particles by other processes such as overland flow and rill flow. 

Considering detachment is mostly influenced by the depth of surface water, raindrop impact is 

most likely effective during short, intense rainfall events, which generate little surface runoff  
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Figure 1.1: Diagrammatic representation of rainsplash erosion (Adapted from Summerfield, 1991).  

 

or during the initial stages of bigger storms, and on drainage divides where flow is typically 

shallow. Once water accumulates in sufficient quantities and exceeds infiltration capacity it 

starts to flow downhill as overland flow. 

 

Two types of overland flow occur, Horton overland flow takes place when rainfall 

intensity exceeds the infiltration capacity, with the subsequent discharge increasing linearly 

downslope (Horton, 1945). This generally occurs on surfaces which have been frozen or 

where large areas of bare rock are exposed. Horton’s (1945) infiltration theory for runoff 

predicts that this type of flow occurs shortly after or during a heavy rainfall event, implying 

that a uniformity of rainfall and infiltration conditions exist, which is expected only in small 

basins. Infiltration capacity is thought to decrease asymptotically during a rainfall event as a 

result of surface compaction by rain impact, inwashing of fine particles into pores, and the 

swelling of clay particles, so that the condition (rainfall intensity > infiltration capacity) is met 

after a small delay (Knighton, 2014).  
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Saturation overland flow is dependent on the moisture content of soil before, during 

and after a rainfall event. As long as rainfall continues, no matter the intensity, deeper and less 

permeable soil layers become saturated, deflecting throughflow closer to the surface. The 

rising water table prevents any further infiltration, saturating the soil at the surface (Bergsma 

et al., 1996). Overland flow can be erosive without forming channels and generally occurs in 

sheets or small rills over land surfaces. The initiation of channel incision is dependent on the 

erodibility and hydraulic properties of the hillslope material. Factors contributing to channel 

incision include; soil texture, porosity, permeability, water content, infiltration capacity, 

vegetation cover and shear strength. The constant presence of overland flow is the main cause 

for channel incision, which eventually leads to the formation of rills and gullies (Bull & 

Kirkby, 1997). 

 

Rill Erosion  

The concentration of overland flow creates shallow channels known as rills (Morgan, 

2005). Detachment and transportation potential increases substantially when flow is 

concentrated into rills. These microchannels typically have dimensions of 50-300 mm in 

width and can be up to 300 mm in depth. The development of rills takes place in four stages 

which involves a change in flow state; from unconcentrated overland flow, via overland flow 

with concentrated flow paths, to microchannels without headcuts and microchannels with 

headcuts when rills become more established (Merritt, 1984). Persistent rilling requires slopes 

steeper than 2-3 degrees and extend upslope through headcut erosion, becoming deeper and 

wider downslope due to channel erosion (De Ploey, 1989; Selby, 1994). 

 

Soils with a mean particle size between 0.012-0.063 mm have the highest erodibility, 

which is finer than that associated with minimum resistance to raindrop detachment (0.04-

0.25 mm). Interestingly, mean particle size represents only one aspect of the soil texture effect 

as bigger rock fragments embedded in topsoil increase sediment yield by concentrating 

erosive forces. Once these rock fragments are exposed to the surface, they play a protective 

role, decreasing erodibility (Poesen, 1993). Usually rills are temporary erosion features, 

however, permanent rills can be commonplace, particularly where they develop into emerging 

drainage lines or bedrock material (Beckedahl et al., 1988). Rilling generally contributes 

between 50 and 90 percent of total sediment removal (Knighton, 2014). 
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Gully Erosion  

Gullies are considered permanent water courses but differ from river channels by 

having steep sides, low width, deep ratios and a stepped profile. According to Poesen (1993), 

gullies can be distinguished from rills by a critical cross-sectional area of 929 cm2. Other 

criteria include a minimum width of 0.3 m and depth of 0.6 m (Brice, 1966). Further, research 

by Imeson & Kwaad (1980) and Menéndez-Duarte et al. (2007) suggest a minimum depth of 

0.5 m and 1.0 m respectively. Due to their rapid formation, gullies are usually regarded as an 

indicator for accelerated erosion and landscape instability. Gullies have been associated with a 

slope gradient greater than 15 degrees, however, attempts to define the critical conditions for 

the entrenchment which characterises gully development have not been particularly 

successful. Three main processes have been identified in the formation of gullies, they are; 

surface flow, piping and mass movement.  

 

Under suitable conditions, gullies can develop from master rills, however, their 

initiation is more commonly related to the presence of a localised incision point or various 

points where vegetation cover is lacking. Runoff is concentrated at these points, forming a 

headcut, which retreats upslope, leaving a downvalley trench. Many classifications for gully 

erosion exist based on various criteria (Poesen et al., 2002). The criteria include plan form, 

position in landscape, the shape of gully cross-section and the soil material in which the gully 

formed (Imeson & Kwaad, 1980; Ireland et al., 1939; De Ploey, 1974; Brice, 1966; Poesen et 

al., 1996). According to Ireland et al., (1939) there are six forms of gullies; linear, bulbous, 

dendritic, trellis, parallel and compound. A further distinction is made between V-shaped and 

U-shaped gullies, with the V-shaped gullies forming due to surface runoff and U-shaped 

gullies due to surface or sub-surface runoff (Imeson & Kwaad, 1980).  

 

Many studies have recorded gully initiation by subsurface pipe erosion and subsequent 

roof collapse, this is particularly present in semi-arid areas (Beckedahl et al., 1988). This 

mechanism occurs when surface soils develop cracks through which storm water rapidly 

infiltrates. Once water breaks through the soil surface, headward retreat along the pipe takes 

place and can be very rapid (Knighton, 2014). Piping has been found to contribute towards the 

third process of gully formation, namely mass movement in which landslides leave deep, 

steep-sided scars, which are then exploited by further surface runoff during subsequent 

rainfall events. Although many of these processes apply to gully formation in soil, the same 
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processes can be applied to bedrock-incised gullies (Wohl, 1993; Bean et al., 2017). Gully 

erosion can lead to severe environmental issues, with huge quantities of soil being lost, 

making land unfit for many forms of agricultural activity (Knighton, 2014). Although Bean et 

al. (2017) indicate that gullies on Round Island incise into the bedrock instead of soil (due to 

a lack thereof), gully erosion typically occurs in deep soils on flat slopes with a large 

contributing area where water converges (see Le Roux & Sumner, 2012).  

 

Rainfall Erosivity 

According to Wischmeier & Smith (1958), in order for significant amounts of soil 

erosion to occur, rainfall intensities should be larger than 25 mm.h-1. Similarly, Stocking & 

Elwell (1976) indicate that a maximum 5-minute intensity exceeding 25 mm.h-1 and a total 

rainfall above 12.5 mm within a 30-minute period can be considered an erosive event. This 

definition was also adopted by Nel & Sumner (2007) to identify erosive events in the 

Drakensburg, South Africa. A need for high resolution rainfall data was identified in order to 

accurately quantify erosivity on Mauritius. The Mauritius Meteorological Services provided 

new high resolution 6 minute rainfall data, which allowed for many studies on storm kinetic 

energy, erosivity and soil erosion risk (e.g. Le Roux et al., 2005; Nigel & Rughooputh, 2010; 

Nel et al., 2012; 2013; 2016; Sumner et al., 2016). Work done on mainland Mauritius by Nel 

et al. (2012) investigated rainfall depth, duration, intensity, kinetic energy, and erosivity of 

385 erosive rainfall events at five locations over a five year period. Nel et al. (2012) found 

that there is a marked difference in erosive storm events between the coastal lowlands and the 

elevated interior. The study also noted that, although erosivity measured during summer 

exceeds that which is recorded in winter, the data indicates that a large percentage of winter 

rainfall events on Mauritius are erosive and that rainfall from non-tropical cyclones can pose a 

substantial erosion risk. 

 

Nel et al. (2016) explored the intra-event rainfall characteristics of 120 rainfall events 

on mainland Mauritius to provide the first detailed intra-storm data for a tropical island 

environment. A notable spatial variation was found across 6 rainfall stations, with an increase 

in rainfall depth, duration, kinetic energy, and erosivity of extreme rainfall events with 

altitude. Events taking place in the central plateau showed high variability of peak intensity 

over time as well as a higher percentage of events in which the greatest intensity occurred in 

the later part of a storm. The study suggests that even though intra-event rainfall 
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characteristics are complex, they have implications for soil erosion risk in tropical island 

environments and should be incorporated into soil modelling. 

 

A recent study done by Panagos et al. (2017), which aimed to quantify global patterns 

of rainfall erosivity by analysing results collected from 3,625 stations covering 63 countries, 

also made use of the above criteria. According to Yang et al. (2003), Nearing (2001) and Wei 

(2007), climate and land use are the two main causes for water erosion, with rainfall being the 

key factor to consider. Quantifying soil loss has been a subject of extensive study over the last 

few decades (Capolongo et al., 2008; Nyssen et al., 2005; and Zhang et al., 2010). There have 

been several models used to quantify soil loss, some of which include the Water Erosion 

Model (WEPP) (Flanagan & Nearing, 1995) and the Soil Loss Estimation Model for Southern 

Africa (SLEMSA) (Elwell, 1976).  

 

Possibly the most extensively used models are the Universal Soil Loss Equation 

(USLE) and its subsequent version, the Revised Universal Soil Loss Equation (RUSLE). 

Developed by Wischmeier & Smith (1978) and Renard et al. (1994, 1997) respectively; these 

equations were designed to quantify soil loss, and to gain a better understanding of soil 

erosion at a hillslope scale. Considering various soil types and vegetation, the annual rainfall 

erosion losses (A) can be calculated from the Universal Soil-Loss Equation. USLE computes 

soil losses from the product of six major factors: A=R•K•L•S•C•P. Where (A) is the soil loss 

per unit area from sheet and rill erosion, normally specified in tons per acre, (R) is the rainfall 

erosivity factor, (K) is the soil erodibility factor, (L) is the field length factor, (S) is the field 

slope factor, (C) is the cropping management factor, and (P) is the conservation practice 

factor. For this study, we will mainly focus on the ‘R-factor’ or rainfall erosivity factor, which 

represents the runoff and erosion that results from rainfall. The RUSLE model has been 

widely applied and tested in a number of studies, and it can be considered an advantage to 

understand the validity and limitations of the model (Renard et al., 1997). However, one main 

disadvantage of the model, is that it was developed for the Midwest of the USA, and 

therefore, significant alterations to the algorithms are required before it can be applied to other 

areas (Shamshad et al., 2008). 

 

Rainfall erosivity (RE) has been described in several ways but it can be summed up as 

“a measure of erosive force of rainfall to cause soil erosion” (Zhang et al., 2010:102) or the 

ability of rainfall to detach soil particles (Mihara, 1951; Free, 1960). It is the sum of the 
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erosivity index (EI) values for all rainfall events recorded in one year (Wang et al., 2002). 

Rainfall erosivity considers the kinetic energy (the product of mass and fall velocity squared) 

of a rainfall event and takes into consideration the peak intensity and duration (Salles et al., 

2002). The 30 minute erosivity index (EI30) is commonly used when calculating RE, which is 

calculated by multiplying the total kinetic energy (E) with the maximum 30-minute rainfall 

intensity of a specific rainfall event (I30) (Yin et al., 2007). Obtaining the amount of kinetic 

energy for a rainfall event is of significance as this is the energy responsible for the dislodging 

and transportation of soil particles. Other processes such as soil splash can also be attributed 

to the kinetic energy found in raindrops (van Dijk et al., 2002). According to Panagos et al 

(2017), rainfall erosivity is one of the most important input parameters for describing erosive 

processes and although it remains the most serious cause of soil degradation globally, global 

patterns of rainfall erosivity are poorly quantified.  

 

Raindrop size and kinetic energy are important factors to consider when calculating 

EI30. Drop size is directly related to terminal velocity, the larger the drop size, the greater the 

terminal velocity. Larger raindrops have more kinetic energy, and therefore have a higher 

potential to dislodge soil particles. The kinetic energy of a raindrop as it hits the ground is 

expressed as EK=½mv2. During stable conditions a raindrop falling to earth will achieve a 

constant terminal velocity and will eventually reach a state of equilibrium, where gravitational 

forces are equal to frictional forces (van Dijk et al., 2002). According to Gunn & Kinzer 

(1949) and Hinkle et al. (1987), the relationship between drop size and terminal velocity is 

not a linear one, as larger drops tend to be more flattened by drag forces during their fall. 

Laws & Parsons (1943) and Joss & Waldvogel (1967) found that as a consequence of air 

drag, the upper limit to the size of raindrops is between 6-8 mm, above which they become 

unstable and break apart. According to Salako et al. (1995), raindrops with a diameter of 

larger than 3 mm are to be considered erosive. There are a number of other factors which 

influence the energy of a raindrop before it reaches earth’s surface, some of which include: 

side winds, altitude, canopy and ground cover (van Dijk et al., 2002). 

 

A study done by Angulo-Martinez & Begueria (2009) concluded that the largest 

proportion of soil erosion occurs during intense rainfall events. This was also confirmed later 

by Nel et al. (2012), who found that that extreme rainfall events generate the bulk of the 

erosivity and that soil erosion risk occurs from a storm-scale to a synoptic-scale. The 

influence that rainfall erosivity has in contributing to soil loss depends largely on the climate 
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and weather of an area as well as the environmental conditions such as topography and slope. 

When calculating an area’s soil erosion risk, estimating rainfall erosivity is vital as it is 

considered one of the significant contributing factors. According to Wang et al. (2002), when 

all other factors are kept constant, the R-factor is directly proportional to the potential annual 

soil loss. Similarly, van Dijk et al. (2002) found that soil that is dislodged following a rainfall 

event is directly related to the intensity of the rainfall received. This fact is highly dependent 

on the product of the total storm energy and the maximum 30-minute rainfall intensity. 

 

Another important factor to consider when calculating erosivity and soil loss, is the 

temporal scale and the use of time increments. The erosivity index depends on a high 

temporal scale of at least 15 minute intervals for results to be accurate. Angulo-Martinez & 

Begueria (2009) confirm this by suggesting that at least 15 minutes of continuous rainfall data 

be used to accurately assess the R-factor. Further stating that for accurate calculations to be 

made, it is preferable to have a series of short high resolution data as well as long series at a 

day resolution. Nel et al. (2013) assessed the value of using high-resolution data versus long-

term totals in erosivity calculations, and found that the use of high resolution data at 6 minute 

intervals resulted in estimates of around 10 percent more erosivity than 30 minute intervals 

and 33 percent more rainfall erosivity than 60 minute data. The 30-minute interval is 

considered the most commonly used and accepted interval for calculating the erosivity index, 

however, there has also been usable results from the use of an hourly scale (Bhattarai & 

Dutta, 2007; Yin et al., 2007). Vrieling et al. (2010) examined whether erosivity can be 

accurately mapped using 3-hourly TRMM (Tropical Rainfall Measuring Mission) Multi-

Satellite Precipitation Analysis (TMPA) data and found that it does not provide sufficient 

detail to represent high-intensity erosive events.  

 

Research has also been conducted using small time intervals. However, Panagos et al 

(2017) stress the need for high temporal resolution rainfall data for long time periods but 

found that many regions of the world have limited observational data of sufficient temporal 

resolution. Mongwa (2011) and Anderson (2012) made use of 6 minute intervals to conduct 

research on mainland Mauritius. Yin et al. (2007) investigated the use of 5 to 60-minute 

breakpoint rainfall data and found that greater temporal resolutions provided more accurate 

results for estimating rainfall erosivity. According to Stocking & Elwell (1976) there is an 

explainable difference in the best erosion predictor and suggest that the time interval used 

depends on the conditions of vegetation cover. It was found that EI5 gave the best assessment 
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of the erosive potential of rainfall in areas where vegetation was at a maximum. Where 

vegetation was poorer and bare, the use of EI15 and EI30, respectively, were considered more 

applicable.  

 

Causal Factors 

Erosion is determined, firstly, by the nature of processes operating, and secondly, by 

the response of an area to the environmental conditions taking place such as climate, geology, 

topography, soil properties and vegetation cover (Beckedahl et al., 1988). In terms of 

topography, soil erosion is proportional to slope gradient and the associated length, referred to 

as slope-length (Morgan, 2005). Terrains with higher slope-length have higher rates of 

erosion due to the higher runoff energy and volume associated with the slope-length. 

Conversely, flat terrains, that are characterised by lower slope-length, have comparatively 

lower erosion potential (Pimental & Kuonang, 1998). Mararakanye & Sumner (2017) suggest 

that gully erosion propensity increases rapidly for hillslopes steeper than 4.5°. Vegetation 

cover plays a significant part in the protection and prevention of soil erosion as raindrop and 

wind energy is dissipated by vegetation. Organic matter produced by plant cover assists in 

binding soil particles, which builds aggregate stability, effectively acting as a buffer between 

the atmosphere and the soil (Pimentel & Kuonang, 1998; Lal 1990; Toy et al., 2002; Morgan, 

2005). Morgan (2005) suggests that the potential for soil erosion is much higher at the start of 

the rainy season when rainfall intensity is high and vegetation cover is too sparse to hold the 

soil in place. 

 

On Round Island, visual observations indicate that vegetation cover is currently sparse 

and slope gradients are typically steeper than 4.5°, which Mararakanye & Sumner (2017) 

indicate plays a significant influence on gully erosion. Moreover, Bean et al. (2017) indicate 

that the erodibility of the soil is relatively high which may also facilitate soil erosion 

processes. These endogenic causal factors combine to influence the rate of soil erosion in an 

area. Exogenic causal factors, such as rainfall erosivity and rainfall totals, associated with 

surface runoff, also play a role in determining the rate of soil erosion and form the focus of 

the study.   
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Rationale 

Prior studies investigating the ‘R-factor’ have taken place across the globe and in a 

variety of environments. Each study focused on varying aspects of rainfall erosivity. Work 

done by Nyssen et al. (2005) took place in a highland environment, Capolongo et al. (2008) 

covered Mediterranean regions and Zhang et al. (2010) did a study based on inland 

continental areas. Research done by Le Roux (2005), Nigel & Rughooputh (2010), Mongwa 

(2011), Anderson (2012) and Nel et al. (2016) have covered the isolated tropical island 

environment of Mauritius. Although the rate of soil erosion on Round Island increased 

significantly following the introduction of the various herbivores (Tatayah, 2010), many of 

the gullies on the island extend below sea level, suggesting that this process is a natural one, 

and occurred before the introduction of the goats and rabbits (Cheke, 2004). As the island is 

now home to the last remnant of palm savannah, which was previously lost to mainland 

Mauritius, it is of utmost importance that soil erosion on Round Island be limited. It may be a 

challenge to completely halt the gully growth but with the correct measures in place, the rate 

of expansion can be slowed.  

 

Knowledge of the relationship between rainfall intensity and kinetic energy is 

important for the prediction of erosion hazards (van Dijk, 2002). Prior studies of soil erosion 

have been conducted on mainland Mauritius by Le Roux (2005), Nigel & Rughooputh (2010) 

and Anderson (2012), as well as one study investigating the erosion phenomena found on 

Round Island by Bean (2014). Currently, however, there is very little information on the 

geomorphology of the island and more specifically the rate of soil erosion resulting from 

intense rainfall events. Round Island is regarded as pristine, with little to no influence from 

humans but, due to limited vegetation cover, it is at risk of further soil erosion. Therefore, 

conducting a study here would provide baseline information against which geomorphological 

processes on mainland Mauritius can be compared. Moreover, the study will greatly assist in 

identifying key areas for conservation and management efforts, while becoming the first 

assessment of its kind to be conducted on a small volcanic tropical island.  

 

Research Aims and Objectives 

The aim of the project is to investigate the role that erosive rainfall events have on soil 

erosion on Round Island. The study will establish the amount of soil erosion that takes place 

following rainfall events in an attempt to quantify soil erosion on Round Island. To achieve 

this, the following objectives have been set out: 
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 Establish the differences in rainfall characteristics between two environmental 

monitoring stations on Round Island 

 Determine the kinetic energy and erosive characteristics of individual rainfall 

events on Round Island 

 Determine the relationship between rainfall and sediment movement on Round 

Island 

 Establish monthly sediment movement rates to determine the contemporary rate of 

soil erosion for Round Island 

 Establish sediment characteristics through particle size analysis 

 

Project Outline 

The project has six chapters, the first presents an introduction to the project with a 

brief overview of soil erosion and rainfall erosivity as well as the context and aims of the 

project. The second chapter covers a description of the study area and gives further 

background to the island by introducing information about its topography, geology, pedology, 

climate, geomorphology, vegetation and history. Chapter three outlines the methodology used 

in the project. Chapter four presents the results produced from the investigation after which 

chapter five gives a detailed discussion of the results. Chapter six concludes with a summary 

and the conclusions of the project along with recommendations for further research on Round 

Island. 
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Chapter 2: Round Island: Environmental Setting 

This chapter provides a background to the location, volcanology and geology, 

topography, climate, pedology, geomorphology, vegetation, and lastly, the chapter gives a 

brief background into the history and management of Round Island.  

 

Location 

Round Island is an islet located in the Indian Ocean situated 22.5 km northeast of 

Mauritius between 19°54’03” S and 57°47’03” E (Figure 2.1). The island has an area of 208 

ha (2.08 km2) (Figure 2.2) with a maximum altitude of 280 m a.m.s.l. (MWF, 2008). It falls 

within the Mascarene Islands along with Mauritius, Reunion (170 km WSW of Mauritius) and 

Rodrigues (650 km ENE of Mauritius).   

 

Figure 2.1: Location map of Mauritius and northern islets including Round Island. 
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Figure 2.2: Contour map of Round Island. Note the transects for the cross-profiles. 

 

Volcanology and Geology 

Mauritius and its surrounding islands form part of the Mascarene Island group, all of 

which are the summits of volcanic cones that rose from the ocean floor. The area is believed 

to have had a complex volcanic evolution (Paul et al., 2007), which occurred in three phases 

(McDougall & Chamalaun, 1969). Baxter (1972) noted three distinct periods of volcanic 

activity, which are the Older series (7.8 – 5.5 Ma), Intermediate series (3.5 – 1.9 Ma), and the 

Younger series (0.7 – 0.003 Ma). The Older series was further divided into two stages, 

namely the Early and Late-Shield building stages (Baxter, 1975). Mauritius is the second 

youngest island in the Reunion mantle plume track which stretches northward from Mauritius 

to the Mascarene Plateau, the Chagos-Laccadive Ridge, and the Deccan traps of western India 

(Morgan, 1981; Duncan & Richards, 1991).  

 

Round Island’s volcanic core has been dated to around 25 000 to 100 000 years old, 

which is significantly younger than mainland Mauritius and is attributed to the Recent Series 

of lava flows (Saddul, 2002). The island was defined by Wohletz & Heiken (1992: 384) as a 

tuff cone which is a “volcano composed of indurated ash with slopes between 20-30°”. The 
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underlying geological material is composed of consecutive beds of tuff, which has been 

formed from deposits of volcanic ash with coarse ejecta, mostly scoriaceous. Large boulders 

of solid basalt can be found throughout the island, with some calceourous boulders at the 

summit and quartz along fissures in the rock. Fossils incorporated within the tuff can be found 

within the calcarinite, which was possibly lifted up and included at the time of formation of 

the island (Johnston, 1993).  

 

Topography 

Round Island is crescent-shaped (Figure 2.3) with steep convex slopes throughout the 

island ranging from 10-30°. The southern point of the island to the summit, has an average 

slope of 19° (Figure 2.4 a). The western point to the summit and the summit to the eastern 

point have an average slope of 25° and 37°, respectively (Figure 2.4 b). The summit to the 

northern point has an average slope of 20°, with narrow ledges and vertical sea-cliffs of 50-

100 m in height (Johnston, 1993). The sea cliffs of the island bear the full brunt of wave 

action since there is no exposed coral reef surrounding the island to reduce the impact of the 

waves (Saddul, 2002). The slopes are dissected by gullies running east southeast that intensify 

closer to the shoreline. There are two flat areas known as the “helipads” in the southern part 

of the island as well as a crater on the north-eastern part of the island. 

 

 

Figure 2.3: Oblique view of Round Island looking north-west.   
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Figure 2.4: A) South-North cross-profile. B) West-East cross profile. Cross-profiles are presented in 

meters.  

 

Climate 

Round Island has a tropical maritime climate with a mean annual precipitation of 866 

mm (MWF, 2011). Although, based on weather data collected in 2015 and 2016, mean annual 

rainfall is slightly lower, having been recorded as 760 mm. Located in the tropics, 

precipitation usually takes the form of rainfall. Weather monitoring on Round Island 

commenced in 2003, which recorded a mean annual air temperature of 24.7°C (MWF, 2011). 

The dry period takes place between the months of August and November where droughts are 

frequent. The rainy season is concentrated between December and April when cyclone 

passage and depressions associated with the movement of the Inter-Tropical Convergence 

Zone dominate (Dennet, 1978). Cyclones bring winds of up to 250 km/hr and are frequently 

accompanied by torrential rainfall. South-East Trade Winds and frontal systems dominate 

between the months of May and July (Padya, 1984), which has often led to monthly rainfall 

averaging as much as 80 mm. Nel et al. (2012) also found that a large amount of winter 

rainfall occurs on Mauritius, which was deemed to be erosive in nature and can pose a 

substantial erosion risk. The south-eastern side of the island is cooler and wetter than the 

western side of the island, which is hotter and drier as a result of the South-East Trade Winds. 

 

A study conducted by Nigel & Rughooputh (2010) found that many summer 

thunderstorms on mainland Mauritius are classified as erosive rainfall events and, given the 

close proximity, this could also be the case on Round Island. Although, up until this study, no 
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detailed rainfall erosivity data are available. Morgan (2005) suggests that erosion follows a 

similar pattern as rainfall and peaks following a dry winter season. This is the most vulnerable 

time for erosion as the soils are drier and vegetation has not grown enough to protect the soil. 

On mainland Mauritius, the greatest rainfall erosivity period is in December as it is the month 

with the lowest vegetation cover; and it is, therefore, expected that the same conditions occur 

on Round Island (Nigel & Rughooputh, 2010).  

 

According to Anderson (2012), moisture from circulating weather systems such as the 

occasional cyclone and depression results in significant orographic rainfall as a result of 

raised topography of Mauritius. Long-term mean annual rainfall has been reported as high as 

4000 mm in the elevated central region of Mauritius, approximately 1200 mm in the eastern 

part of the island and as little as 600 mm on the western coast (Rughooputh, 1997; WRU, 

2007). The assumption can be made that Round Island would not experience this amount of 

rainfall per annum since the island only has a total elevation of 280 m. This is significantly 

less than the highest point on mainland Mauritius, Riviere Noire-Savanne range in the 

Southern Uplands, which has a maximum altitude of 828 m a.m.s.l. (Anderson, 2012). It 

should be noted that the rainfall totals, and quite possibly erosivity on Round Island, may 

compare well to the relatively dry West coast of Mauritius.   

 

On average, 10 atmospheric depressions, of which three develop into cyclones, occur 

each year between November and April (Padya, 1984; Cheeroo-Nayamuth et al., 2000). In 

February 2007, a particularly intense tropical cyclone , Cyclone Gumede passed 230 km off 

the north-west coast of Mauritius with wind speeds reaching up to 158 km/h and a total of 

3929 mm rainfall over 72 hours, were recorded at the Royal Alfred Observatory in 

Pamplemousses, Mauritius (MMS, 2010). In January 2002, Cyclone Dina directly affected 

Mauritius with 488 mm of rainfall recorded at Vacoas and the highest recorded wind gust of 

228 km/h. In January 1980, Tropical Cyclone Hyacinthe, resulted in over 1000 mm of rainfall 

recorded for Mauritius, unfortunately no rainfall data was recorded during these storms for 

Round Island. More recently, the 2008-2009, 2011-2012 and 2014-2015 cyclone seasons were 

very significant in the South West Indian Ocean, with a large number of cyclones affecting 

the rainfall of Mauritius (Figure 2.5). According to Le Roux, (2005) the average rainfall 

recorded from tropical cyclones is 245 mm.  
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Figure 2.5: Map showing paths of major cyclones, including Dina (2002) and Gumede (2007), that 

have affected Mauritius and northern islets (Cyclone tracks adapted from U.K. 

Meteorological Office, 2007). 

Pedology 

The distribution of soils on Round Island is limited due to the prior introduction of 

herbivores (Johnston, 1993). According to Merton et al. (1989), the original distribution of 

soils was most likely continuous but slope steepness suggests that certain areas on the island 

are likely to have remained barren. Two types of soils were identified during a soil survey by 

Johnston (1993), using the FAO International Soil Classification System. Lithic leptosols 

found on the western facing slopes where the A-horizon has developed poorly on bedrock that 

can be found less than 10 cm below the surface. Dystric leptosoils with Dystric regosol 

components can be found in the southern spur areas where depths reach up to 50 cm. Soils in 

this area are poorly developed with an orchic A-horizon, where below, homogenised, stable 

old soil material can be found above welded tuff. Compared to the mature ferralatic (Latosols) 

and Latosolic soils found on mainland Mauritius (Proag, 1995), soils on Round Island show 

very little resemblance and therefore are not suitable for comparisons (Johnston, 1993).  
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According to Johnston (1993), it is not possible to determine the original nature of 

soils on Round Island. Johnston (1993) indicates that the majority of soils found on the island 

are sandy loams with a relatively uniform texture, little structure and poor profile 

development. This can be attributed to previous soil loss and recent regeneration and may be 

considered as a secondary parent material overlying the original welded tuff parent material 

(Johnston, 1993). Round Island being a geologically young volcanic cone, stoney and 

relatively infertile soils are to be expected (Dóniz-Paez et al., 2011). The nesting seabirds on 

Round Island have contributed to fertility through guano, which has affected plant species 

distribution and rehabilitation (Johnston, 1993). Soils are acidic, with low nitrogen levels and 

exceptionally high phosphorous content. The percentage of organic matter is variable and 

averages 5.4% (Johnston, 1993). Soils formed in volcanic ejecta have many distinctive 

morphological, physical and chemical properties, which are rarely found in soils from other 

parent material. These properties can be attributed to the formation of noncrystalline 

materials, such as allophane and imogolite, and the accumulation of organic carbon, which are 

considered the two main pedogenic processes occurring in volcanic soils (Ugolini & 

Dahlgren, 2002). The high phosphorous retention, high degree of variable charge, low bulk 

density and a pH level between five and six of soils found on Round Island are all common 

properties of soils developed from volcanic ash in humid tropical environments. 

 

Geomorphology 

Weathering and erosion occurs throughout the island with wind and water acting as 

the major agents, sculpting the overlapping ash beds into several cavernous overhangs, steps 

and pedestals. Large, deep gullies can be found across the island, with many of them 

extending below sea level, a sign that these gullies were possibly formed during the late 

Quaternary glacial low-stand, when the sea level was much lower than it is today (Figure 2.3). 

This is an indication that the formation of these landforms occurred long before human 

influence on the island (Cheke, 2004). Steep cliffs around the island are an indication of 

erosion of the coastline by wave action. The porous nature of the rocks, steep slopes and 

gullies makes it difficult for water to accumulate except in small ephemeral pools (MWF, 

2008). During the rainy season, when flash flooding occurs, water is quickly channelled via 

the gullies and into the sea, which hinders plant regeneration, and at the same time, increases 

the risk of erosion (Johnston, 1993). 
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The rills and gullies present on Round Island are bedrock incised, which are contrary 

to the norm where formation usually takes place in the soil layer and terminates at the bedrock 

level (Bean et al., 2017) This can be attributed to the properties of the scoriaceous basalt. 

Bean et al. (2017) used Schmidt Hammer values to quantify rock hardness characteristics for 

Round Island and found that values were very low throughout, with mean R-values as low as 

13.5, which is inherent in the properties of volcanic tuff. Other studies confirm that tuff rock 

produces low rebound values, Kihç & Teymen (2008) found that tuff rock produced mean 

rebound values between 17 and 26. Compared to other volcanic rock types such as granite 

(mean R-values of 53.48, Lifton et al., 2009), basalt (mean R-values ranging from 42.2 to 

62.3, Dickson et al., 2004 and quartzite, which was found to have mean R-values of 63 (Kihç 

& Teymen, 2008).  

 

The geology of Round Island is predominantly volcanic tuff. Thus, bedrock erosion 

rates are expected to be relatively high (see Bean et al., 2017). When measuring rock strength, 

it is important to consider factors such as the degree of weathering and the presence of joints 

and fractures. Different rocks vary considerably in what is known as intact strength, which is 

a rock’s strength excluding the effects of fractures and joints (Summerfield, 1991). The 

majority of rocks found on Round Island can be classified as “very weak” according to the 

intact strength classification tables.  
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Figure 2.6: Satellite image of Round Island showing gully erosion and location of study sites. 

 

Vegetation 

According to Merton et al. (1989), vegetation on Round Island has significant 

conservational value. Unfortunately, the hardwood forest was lost (Bullock, 1977) and only 

two hardwood species Gagnebina pterocarpa and one individual of Fernelia buxifolia 

managed to survive on Round Island (Tatayah, 2010). Since 2000, a number of other 

hardwood species have successfully been re-introduced (Tatayah, 2010). The island is home 

to the last remnant of palm savannah, which was completely lost to mainland Mauritius. It is 
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home to the largest area of native vegetation in Mauritius and is the only relatively large 

island free of major woody species in the Mascarene group. A detailed analysis on the 

vegetation types on Round Island revealed seven distinct habitat types, described according to 

vegetation and substrate, they include; the open and closed palm savannah, mixed weed, herb-

rich, rock slab, the “helipads” and the summit communities (Johnston, 1993) (Figure 2.7). 

Each vegetation type contains critically endangered species but perhaps the most valued is the 

closed and open palm forest (MWF, 2008). The one remaining individual of the hurricane 

palm (Dictyosperma album var conjugatum) found on Round Island is the last known wild 

individual of the taxon, which has fortunately been saved from extinction.  

 

Figure 2.7: Map of habitat types of Round Island (Adapted from Johnston, 1993).  

 

The Round Island Bottle Palm, (Hyophorbe lagenicaulis) is grown as an ornamental 

plant in Mauritius and all over the tropics. The place of origin of these individuals is unknown 

and the last wild population is restricted to Round Island. By 1988, the Bottle Palm 

population consisted of only 8 adult and 6 juvenile trees, which were lucky enough to survive 

the rabbit activity. Round Island supports at least ten threatened native plant species, 

including six which are endemic to Mauritius. The Blue Latanier (Latania loddigeslii) is the 

most abundant palm to be found on the western and northern slopes of Round Island (Figure 
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2.8) and is the largest population of its kind in Mauritius. A comprehensive list of plant 

species was compiled by the Edinburgh University expedition in 1975, which recorded 43 

species (Bullock & North, 1975; 1984). Later, Wendy Strahm recorded 55 species in 1986 

and Dulloo made a list of up to 60 species in 1993 (Bell et al., 1994). Today, the number of 

recorded species has increased to 114 as documented by (Johansson, 2003). Vegetation 

communities on Round Island have managed to retain most of their original elements, 

although they have been severely modified by the introduction of mammals (herbivores) in 

the 1800’s.  

 

Figure 2.8: The Blue Latanier (Latania loddigeslii) found on the south-west ridge of Round Island. 

Note the steep slope gradient.  

  

The introduction of goats and rabbits to Round Island between 1840 and 1865 

(Bullock, 1977) greatly degraded the soil and vegetation. This lead to major reductions, and in 

some cases, extinction of some vegetation communities as well as leaving large areas of bare 

ground exposed due to the removal of vegetation (North & Bullock, 1986) (Figure 2.9). Once 

the removal of mammals was completed in 1986, a steady regeneration of vegetation has 

taken place and vegetation monitoring remains ongoing. In particular, the Latania species has 

shown a significant increase on the south-west slope. Ile Aux Aigrettes, off the south-west 

coast of Mauritius has acted as a nursery for propagation of critically endangered species, 

which at a later stage were reintroduced to Round Island as part of the management plan, with 

many reintroductions being successful (Khadun et al., 2008).  
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Figure 2.9: Bare steps of tuff in the foreground with Mixed weed habitat which traps sediment, 

promoting vegetation growth in the background. 

 

History and management of Round Island 

Before humans colonised Mauritius in the 17th century, at least 15 land reptile species 

were present. Four species are now extinct and six are confined to the small islets off the 

north coast of Mauritius (Vinson & Vinson, 1968). According to Tatayah (2010), the first 

published biological report of the island is provided by J.A., Lloyd (Surveyor General and 

Civil Engineer), who spent one week on Round Island in December 1844 with several others 

(Lloyd, 1846). The primary goal of the landing party was to search for exploitable sources of 

guano on Round Island and Serpent Island. Lloyd (1846) notes that no significant deposits 

were found since the topography of the island coupled with the rainfall tend to wash most of 

the guano into the sea. This is an interesting early observation from a soil erosion perspective. 

Although Round Island was declared a nature reserve in 1957 under the Forests and Reserves 

Act No. 41 of 1983, a scientific expedition visited Round Island in 1975 and found that the 

introduction of goats and rabbits had destroyed most of the vegetation, threatened the survival 

of endemic reptiles and caused widespread soil erosion (Johnston, 1993).  
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Today, four of these species exist on Round Island making it the largest remnant of an 

ecosystem which contains some of the world’s rarest palms and reptiles. Perhaps the most 

significant event in Round Island’s recent history has been the extermination of goats and 

rabbits. Goats (Capra hircus) were first introduced to the island in 1844 (Cheke & Bour, 

2014), by 1976 marksmen had shot all but two individuals and in 1979 the last goat was 

eradicated (Bullock & North, 1984). The rabbit (Oryctolagus cuniculus) population on Round 

Island was estimated at 2900 by 1982, which led to a markedly reduced amount of seedling 

lantan palms and a severely reduced ability for the palm savannah regeneration (Bullock et 

al., 1982). In 1986, the rabbits were eradicated from Round Island, making it the largest area 

within the Mascarene group that is free of introduced mammals. Along with the eradication of 

both goats and rabbits by 1986, vegetation monitoring, conservation and weed removal are 

currently on-going. The first management plan for Round Island was published in 1988 

(Merton et al., 1989), with a second version in 2009 (MWF, 2008). 

 

From 1990 through to 1998, many management visits to Round Island took place with 

the aim of eradicating alien invasive plant species. In 1993, the Raleigh International Round 

Island expedition took place, which focused on surveying the small islands surrounding 

mainland Mauritius, this gave practical effect to the aims set forth by the management plan set 

out by Merton et al. (1989). Also during this period, Johnston (1993) carried out an extensive 

soil survey and experimental erosion control measures were put in place (Daszak, 1994). In 

terms of soil erosion, the management plan aims to gain a greater understanding of erosion 

processes on the island and implement soil conservation measures where possible. Previous 

methods of soil conservation have been implemented with success, soil traps have proven to 

be effective, although only at a local scale (Figure 2.10) The regeneration of Latania 

loddigessii and Ipomea pes-caprae have also shown positive results by reducing soil erosion 

within the gullies (Johnston, 1993).  
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Figure 2.10: Increased vegetation cover due to soil trap, used as a conservation method to prevent 

sediment from moving downslope. 

 

Round Island is home to various rare species, such as the Round Island ground boa 

(Casarea dussumieri) (Figure 2.11). Unfortunately, the Round Island burrowing boa 

(Bolyeria multocarinata) is now considered extinct; having last been sighted in 1975. Soil 

erosion and a general decline in habitat quality have been blamed for the extinction of this 

boa. Two species of tortoise (Aldabrachelys gigantea & Astrochelys radiata) were introduced 

in 2007 as a restoration tool to replace a previously extinct species (Figure 2.12). The tortoise 

species act as ecosystem engineers, dispersing seed all over the island, and were introduced 

with the primary objective of influencing plant communities in a beneficial way (see Griffiths 

et al., 2010; Griffiths et al., 2012; Griffiths et al., 2013). Specifically, the tortoises eat and 

disperse large seeds from the endemic Latania loddigesii palm. Although it has been shown 

by Griffiths et al. (2010) and Griffiths et al. (2013) that the introduction of non-indigenous 

species, in this instance tortoises can have various beneficial ecological impacts, it is 

important to also consider that tortoises consume large amounts of vegetation and can leave 
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soils bare and susceptible to erosion (Griffiths et al., 2010), leaving a question on the 

geomorphological impacts that the tortoises are having on Round Island.  

 

 

Figure 2.11: A Casarea dussumieri ground boa on Round Island. Individual approximately 0.6 m in 

length.  

 

 

Figure 2.12: An introduced Aldabrachelys gigantean tortoise on Round Island.  
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Round Island is also an important breeding site for various species of seabirds (Figure 

2.13). Nesting occurs on the surface under small overhangs as well as in burrows. According 

to Tatayah (2010) the island has areas of soil accumulation which typically exhibit thick 

ground vegetation cover where Wedge-tailed Shearwaters Puffinus pacificus dig their nest 

burrows, but much of the deep soil described by Lloyd (1846) has since been lost. Burrowing 

seabirds have various geomorphological and ecological impacts on Round Island but these 

impacts have not yet been studied in detail.  

 

 

Figure 2.13: A breeding pair of red-tailed tropicbirds (Phaethon rubricauda) on Round Island. 

 

This chapter has provided relevant background information for this research. This 

includes information about the location, geological development of Round Island, the 

topography, climate with particular reference to rainfall and tropical cyclones. Pedology and 

geomorphology have also been discussed to provide context. Lastly, the vegetation and 

history of management was discussed. The next chapter will go on to discuss the 

methodology that was used in the study. 
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Chapter 3: Methodology  

This chapter deals with the methods and materials used in the study. The research 

design is described followed by data sources and equipment used, the data and analysis that 

were undertaken. As stipulated in chapter 1, the objectives were set forth as follows: 

 Establish the difference in rainfall characteristics between two environmental 

monitoring stations 

 Determine the kinetic energy and erosive characteristics of individual rainfall 

events 

 Determine the relationship between rainfall and sediment movement 

 Establish monthly sediment movement rates 

 Establish sediment characteristics through particle size analysis 

 

Data sources/Study sites 

To investigate the characteristics of individual rainfall events on Round Island, high 

resolution automatic rainfall data from November 2014 to October 2016 (700 record days) 

was obtained from the rainfall stations on Round Island. Two sites were selected for the 

installation of automatic rainfall stations, one is located on the “Wasteland” (69 m a.m.s.l) and 

the other is situated on the South West Ridge (95 m a.m.s.l) (Figure. 3.1). The environmental 

monitoring stations installed on the island have rainfall gauges that log total rainfall every 15 

minutes on a tipping resolution of 0.2 mm rainfall. The stations also record air, rock and soil 

temperature, soil moisture, wind speed and direction, as well as solar radiation.  
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Figure 3.1: Environmental monitoring station located at the Wasteland study site. 

 

Data collection techniques 

Atmospheric Monitoring 

Pace ScientificTM rainfall buckets (Figure. 3.2) and data loggers were installed to 

monitor rainfall patterns as well as gauge the intensity of individual rainfall events. To 

conduct this study, rainfall data is recorded at a high temporal resolution to accurately 

calculate rainfall erosivity (Yin, 2007). Therefore, rainfall is measured in increments of 0.2 

mm. Rainfall buckets were secured to bedrock surfaces with concrete nails and are a sufficient 

distance from any other obstructions that may influence readings by potentially adding splash 

from other surfaces. The weather data was downloaded annually when researchers visited 

Round Island. Data was then imported into an Excel spreadsheet for analysis, providing an 

overall view on the climate and environmental conditions of the island.  
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Figure 3.2: Automatic rainfall tipping bucket (0.2 mm resolution) attached to environmental 

monitoring station. 

 

Sediment Transport 

A series of Gerlach troughs (Figure. 3.3a and b) were installed to capture surface 

sediment transported by runoff, which was used to document sediment yields and determine 

the particle size distribution. Soil samples were collected monthly from January 2015 to 

September 2016 and stored in plastic bags (Figure. 3.4). 
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Figure 3.3a: View looking east. Note the mechanical soil erosion structures and Gerlach trough in the 

foreground, the person for scale and the Wasteland rainfall station in the background. 

 

Figure 3.3b: Gerlach trough with captured sediment. 
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Figure 3.4: Monthly sediment samples stored in bags for analysis. Wet sediment was left to dry in the 

sun for several hours. 

 

Eight Gerlach troughs (Figure. 3.5) were installed across the island. A total of 168 soil 

samples were collected during the study period. Soil particle size analysis was carried out on a 

total of 40 samples. These samples were chosen from the months with the highest sediment 

yields, which were January and February 2015 and January, February, March of 2016. 

Particle size analysis was conducted for each of the eight Gerlach trough sites for each month 

stated above. The results of the soil analysis were used to compare erosion processes on 

Round Island in relation to rainfall characteristics. Each sample site’s coordinates were 

recorded with a Garmin G62 Global Positioning System (GPS). The catchment area above 

each Gerlach trough was mapped (Figure 3.6). The mapped area will be used to determine the 

weight of sediment transported in relation to the area of the catchment. Gerlach troughs (A5 

and A6) were located in the same catchment with A5 located at the exit of the catchment. 

Other parameters recorded in the field were the proximal vegetation cover, elevation, aspect 

and slope gradient. 
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Figure 3.5: The eight sample sites with Gerlach trough installed. 
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Figure 3.6: Map of Gerlach trough catchment areas.  

 

Particle size analysis was conducted to determine sediment characteristics (Figure 

3.7). Manual sieving was done for 3 minutes per soil sample using a Haver & Boecker sieve 

set with different size classes (i.e. <0.045 - 2 mm) on the Wentworth scale. The percentage of 

sample weight remaining on each sieve was weighed to conduct a particle size analysis. Data 

was input into a Gradistat Excel spreadsheet, which described the shape of particle size 

distribution of the samples (i.e. mean, skewness and sorting).   
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Figure 3.7: Particle size analysis using 2 mm sieve. Note, a large amount of gravel left behind. 

 

Defining an erosive event  

The rainfall data was extracted from the raw dataset and used to calculate the rainfall 

erosivity index. An erosive event was initially defined as when rainfall intensities are larger 

than 25 mm.h-1 in order to move significant amount of soil (Wischmeier & Smith, 1958). 

Similarly, Stocking & Elwell, (1976) concluded that “a maximum 5-minute intensity 

exceeding 25 mm.h-1 and a total rainfall above 12.5 mm can be considered an erosive event”. 

Thus, for a rainfall event to be considered erosive in nature, a peak 5-minute intensity of at 

least 25 mm.h-1 must be achieved, a two-hour rain-free interval should be observed between 

erosive events as well as a total rainfall exceeding 12.5 mm within 30 minutes. Since rainfall 

data was collected every 15 minutes, entries were multiplied by 4 to obtain the maximum 

intensity per hour. Entries found with a 15-minute intensity of more than 6.25 mm were 

extracted from the raw data and used to calculate kinetic energy and the Erosivity Index (e.g. 

EI15 and EI30) (Wischmeier & Smith, 1978; Diodato, 2005; Angulo-Martínez & Beguería, 

2009). The definitions above have been used in numerous studies to identify erosive events on 

Mauritius including Mongwa (2011); Anderson (2012); Nel et al. (2013) and Nel et al. 

(2016). 
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Data analysis and interpretation 

As mentioned in the above section, data processing was carried out by analysing the 

data once it was imported into an Excel Spreadsheet. Focus was given to identifying 

individual rainfall events, recording the depth of rainfall (mm), duration of rainfall events, and 

the maximum 15-minute intensity (mm.h-1). Events that met the criteria stipulated above were 

extracted from the data and used to determine the kinetic energy and erosivity. The following 

section explains how the kinetic energy of a rainfall event is determined as well as how the 

erosivity index (EI30) is calculated using the total storm kinetic energy. 

 

Determining rainfall event kinetic energy and erosivity 

When determining the erosivity index, the R-factor is calculated as follows (Renard et 

al., 1997): 

  

           (1) 

 

where E is the total erosive event kinetic energy (MJ.h-1), I30 is the maximum 30-minute 

rainfall intensity (mm.h-1), j is an index of the number of years used to produce the average, k 

is an index of the number of erosive events per annum, N is the number of years used to 

obtain the average n, and m is the number of erosive events in each year (Wischmeier & 

Smith, 1978). 

 

To calculate the erosivity index, we need to know the product of the total erosive 

event kinetic energy (E) (MJ.h-1.mm-1) and the maximum amount of rainfall (I30) in a 30-

minute period which is expressed in millimetres per hour (mm.h-1). Santosa et al. (2010) 

describes the formula as: 

  

           (2) 

 

where er is the rainfall energy per unit depth of rainfall per unit area (MJ.ha-1.mm-1) and ∆Vr 

is the depth of rainfall (mm) (Brown & Foster, 1987; Santosa et al., 2010). Although rainfall 

intensity can be measured directly, measurements of kinetic energy and raindrop sizes are 
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mostly unavailable. Since an erosive event with higher intensity is generally associated with 

an increase in drop size and terminal velocity, a number of formulae have been created that 

have attempted to calculate the rainfall intensity-kinetic energy relationship (R-EK). 

Wischmeier & Smith (1958) proposed the relationship as a logarithmic function in the form: 

 

EK = 11.87 + 8.73Log10R       (3) 

 

where intensity (R) is in mm-1. During a study in Zimbabwe, Elwell and Stocking (1973) 

show that kinetic energy from rainfall in subtropical climates can be predicted by the 

equation: 

 

EK = (29.82 – 127.51/I) in J.m-2.mm-1      (4) 

 

where the intensity I is in mm-1. This equation has been adopted for use in the SLEMSA (Soil 

Loss Estimation Model for Southern Africa) as well as in a study by Nel & Sumner (2007) 

which looked at the intensity, energy and erosivity in the Drakensburg, South Africa. Van 

Dijk et al. (2002) critically appraised the literature related to the R-EK relationship, and based 

on the average parameter values derived from the available data, found that the general 

equation to predict storm kinetic energy content from rainfall intensity data is: 

 

EK = 28.3 [1-0.52 exp (-0.042R)]      (5) 

 

where R = rainfall intensity in mm h-1. 

 

Any of the equations above can be used to estimate the kinetic energy contents on 

Round Island, however, to remain consistent with global studies, the equation by Van Dijk et 

al. (2002) (5) will be used in this study. The formula proposed by Van Dijk et al., (2002) 

makes use of the 15-minute kinetic energy content derived from rainfall intensity. To 

determine the total kinetic energy during each rainfall event (J.m-2), each of the 15-minute 

kinetic energy values for an event need to be summed. A uniform drop size is assumed for 

analysis purposes. Energy generated during each erosive rainfall event is calculated through 

the 15-minute kinetic energy content (I15), which is then multiplied by the quantity of rain 

(mm) received for that specific 15-minute interval. These values will then be added together 

to give the total kinetic energy for the rainfall event (J.m-2) (Nel & Sumner, 2007; Nel et al., 
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2013). An example of how the kinetic energy is calculated using formula (5) can be seen 

below (Table 3.1): 

 

EK=28.3 [1-0.52 exp (-0.042x11.2)] x 2.8 

EK=53.4972 

 

Table 3.1: Example storm and how kinetic energy is calculated.  

Time Rainfall I15 Kinetic Energy (J.m-2) 

11:15 2.8 11.2 53.49720571 

11:30 9.2 36.8 231.4976256 

11:45 3.6 14.4 72.94450093 

12:00 0.8 3.2 12.34774381 

12:15 7.6 30.4 183.8841964 

12:30 0.6 2.4 8.99703646 

12:45 0.4 1.6 5.816167843 

13:00 0.0 0 0 

13:15 0.0 0 0 

13:30 1.0 4 15.85977297 

13:45 0.0 0 0 

14:00 1.2 4.8 19.5249844 

      Total Event KE 604.4 

 

  

Wischmeier & Smith (1978) concluded that erosivity can be determined by the product of the 

total kinetic energy (KE) of the storm multiplied by the storm maximum 30-minute intensity 

(I30). This equation has been used to calculate erosivity on Mauritius (Le Roux, 2005) as well 

as globally as part of the Revised Universal Soil Loss Equation (RUSLE), reflecting the 

combined potential of raindrop impact and turbulence created by overland flow. To remain 

consistent with other erosivity studies in Mauritius (Le Roux, 2005; Le Roux et al., 2005; 

Nigel & Rughooputh, 2012; Anderson, 2012; Mongwa, 2011; Nel et al., 2012, 2013; 2016), 

the rainfall erosivity potential was determined by the product (EI30) of each erosive event 

(J.mm.m-2.h-1). 

 

Determining the relationship between rainfall and sediment movement  

Globally, there are conflicting studies with regards to the effect of individual rainfall 

events on soil erosion, with either very intense rainfall events producing much of the soil loss 

or the cumulative influence of more frequent, low intensity storms (Hudson, 1971; Rydgren, 

1996; Boardman & Favis-Mortlock, 1999; Trustrum et al., 1999). Using the equations 
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discussed above, the kinetic energy as well as erosivity from each month during the study 

period were calculated. These figures were compared to the monthly sediment weights and 

monthly sediment weights in relation to catchment area to establish the relationship between 

sediment movement rates and storm erosivity. It is hypothesised that extreme events are 

producing the bulk of the erosivity (Nel et al., 2013). To test this hypothesis, all the events 

meeting the parameters set above were isolated and compared to the annual rainfall kinetic 

energy, erosivity totals and sediment yields.  

 

Issues of reliability and validity 

Inherent limitations in the models used need to be considered: Renard et al. (1997) 

state that records of more than 20 years should be used when calculating the rainfall erosivity 

of a region. This allows for the consideration of cyclic changes in rainfall that are associated 

with the El Niño-Southern Oscillation (ENSO) phenomenon (Hoyos et al., 2005). This is an 

important consideration, especially since rainfall totals would be significantly less if a below 

average number of tropical storms occur during the study period. Since rainfall data on Round 

Island has only been collected in recent years, this project is limited in representing long term 

erosivity, however, the main objective remains, to determine the nature of erosive rainfall 

events and their effect on sediment movement rates. Therefore, the data collected for the 

study are deemed sufficient for this investigation.  

 

Other limitations include: 

 The formulae do not account for erosion resulting from rainfall that is less than the 

set parameters (for example saturation overland flow which results from long 

duration rainfall with low intensities). 

 Because EI30 is an average that is calculated, inconsistent high or low values that 

may have been recorded can skew the results. 

 Due to the prominence of the South-East Trade Wind, horizontal rain may be 

considered a limitation as the amounts of rainfall captured by the buckets could be 

less, particularly in the winter months.  

 

 Due to the nature of the study (many of the data collection instruments are out in the 

field and exposed to the elements), technical issues did occur. The environmental monitoring 

station on the South-west Ridge malfunctioned shortly after it was reset in October 2015, this 
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resulted in one of the data loggers not recording. Fortunately, the data logger recording 

rainfall continued operating throughout the study. Severe corrosion was observed on the 

environmental monitoring station tripod at the South-west Ridge, while the “Wasteland” 

station only needed minor maintenance. For the period of the study, rainfall data collection 

was continuous, with no sign of missing or incomplete data. Blockages and instrument 

malfunction can lead to inaccuracies and the problem of not being able to compare individual 

rainfall events to one another, fortunately this did not occur during the study period. 

 

In conclusion, the instrumentation used for collecting and analysing the data in this 

project as well as the methodology are described. A number of formulae necessary for this 

project have been provided and explained. The results of the data analysis are presented in the 

following chapter.  
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Chapter 4: Results 

This chapter presents the results of the data analysis following the methodology that 

was set out for the objectives of the study. 

 

Round Island rainfall characteristics 

The rainy season on Round Island is typically concentrated between December and 

April (Figure 4.1). From the data collected during the study period, above normal rainfall was 

also recorded in June 2015 (approximately 80 mm) which could be attributed to local 

convection and cold frontal activity, which confirms the findings by (Padya, 1984), 

Hauptfleisch (2016) and Nel et al. (2016). Data collection commenced in November 2014 and 

terminates in October 2016 for this study, thus the data only captures one full calendar year, 

namely 2015. In 2015, total annual rainfall for the Wasteland and South-West ridge was 715.2 

mm and 682 mm, respectively. Rainfall totals from the two stations were considerably less 

than expected (a reduction of approximately 20%) when compared to earlier literature by the 

(MWF, 2011), which states a mean annual rainfall of 866 mm. This may be indicative of a 

below normal rainfall for 2015. 

  

Figure 4.1: Monthly distribution of rainfall per station over study period. 
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The total rainfall experienced by each environmental monitoring station during the 

study period and the total depth of erosive rainfall recorded are indicated in Figure 4.2. When 

applying the definition set forth in Chapter 3, the data collected from Round Island for the 

period November 2014 to October 2016 indicated that a total of 22 and 15 erosive rainfall 

events occurred at the Wasteland and South-West ridge study sites, respectively (Table 4.1). 

The Wasteland station recorded a total of 1302.6 mm rainfall for the study period, of which 

286.6 mm was deemed erosive (Table 4.1). The South-West ridge station recorded a total of 

1254.8 mm rainfall over the study period, of which 232.2 mm was deemed erosive. The 

percentage of erosive rainfall experienced by the Wasteland and South-West ridge are 22% 

and 18.50%, respectively.  

 

Figure 4.2: Total rainfall and total depth of erosive rainfall (mm) over the study period. 

 

Table 4.1: Total rainfall and total depth of erosive rainfall (mm), percentage of erosive rainfall 

and the total number of erosive events experienced by each station over the study 

period. 
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For reference, the shape of the distribution of rainfall characteristics have been plotted 

in box and whisker plots below (Figure 4.3) and will be discussed in further detail in the 

section below. 

 

Figure 4.3: Box and whisker plots displaying shape and distribution of rainfall characteristics per 

study site. 
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The number of erosive events received annually for each station is displayed in Figure 

4.4. There is a 26 m height difference and a 400 m horizontal equivalent between the two 

stations, however, the Wasteland station received slightly more erosive rainfall events 

annually. When comparing an event between the two stations, the intensity found at the 

South-West ridge was often lower than at the Wasteland, and, on several occasions, intensities 

fell below 25 mm.h-1 as defined in the methodology. The Wasteland station experienced the 

higher number of erosive events recorded during one year (2016), with a total of 12 events. 

Overall, rainfall intensities on the eastern side of the island exceed the 25 mm.h-1 parameter 

on more occasions. This could be due to the presence of the South-East Trade Winds, causing 

the majority of rainfall events to begin on the eastern side of the island. Since the rainfall 

moves in an East-West direction, by the time it reaches the South-West ridge rainfall station, 

it has dissipated slightly, resulting in less kinetic energy. Although the eastern side of the 

island recorded a higher total number of erosive events over the study period, some 

exceptions do occur, possibly due to the presence of nearby cyclones off the western coast of 

the island. On at least six occasions rainfall intensities were significantly higher at the South-

West ridge rainfall station. One such event occurred in February 2016, where the South-West 

Ridge had rainfall intensities of 26.4 mm.h-1 and the Wasteland received a maximum intensity 

of only 19.2 mm.h-1. The South-West ridge also experienced the highest single rainfall 

intensity recorded during the study period (50.4 mm.h-1), where in the same storm the 

Wasteland station recorded 39.2 mm.h-1. 

 

Figure 4.4: Annual erosive event totals for each station 2014-2016. 
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Investigation of the average number of erosive events experienced at both stations for 

each month during the study period (Figure 4.5) reveals that the month of March has, on 

average, the highest number of erosive events, even though, on average, less rainfall was 

received during this month (Figure 4.6). Besides a single event during the months of June and 

July, the dry period had no erosive events. 

 

 

Figure 4.5: Average number of erosive events experienced by each station during each month for 

study period. 
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Figure 4.6: Mean monthly rainfall for study period. 

 

Erosive characteristics of rainfall events 

The characteristics of each erosive rainfall event measured at the Wasteland, with 

corresponding rainfall characteristics measured at the South-West ridge, are given in Table 

4.2. For reference, the shape of the distribution of erosive rainfall characteristics have been 

plotted in box and whisker plots below (Figure 4.7) and will be discussed in further detail in 

the section below. 
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Figure 4.7: Box and whisker plots displaying shape and distribution of erosive rainfall characteristics 

per study site. 

 

The maximum kinetic energy produced during any individual storm was 645.1 J·m-2, 

recorded at the South-West ridge. The storm with the lowest kinetic energy was also recorded 

at the South-West ridge (51.6 J·m-2). Mean kinetic energy for all erosive events was 263.5 

J·m-2 and 331.2 J·m-2 for the Wasteland and South-West ridge, respectively (Table 4.3). 

Median kinetic energy for all erosive events was 296.5 J·m-2 and 380.0 J·m-2 for the 

Wasteland and South-West ridge, respectively (Table 4.3). Despite the two stations being 

located relatively close to one another, there is a considerable difference in mean kinetic 

energy. In terms of erosivity, the maximum erosivity produced during an individual rainfall 
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event was 21,516.3 J.mm.m-2.h-1, recorded at the South-West ridge. The rainfall event with 

the lowest erosivity (226.9 J.mm.m-2.h-1) was also recorded at the South-West ridge. Mean 

erosivity was recorded at 5441.6 J mm.m-2.h-1 and 7630.9 J.mm.m-2.h-1 for the Wasteland and 

South-West ridge, respectively. The South-West ridge recorded significantly higher erosivity, 

indicating a correlation between storm kinetic energy and erosivity. A statistically significant 

correlation (ρ= 0.01; r= 0.87) is evident between erosivity and storm depth, whereas a lower 

correlation (ρ= 0.01; r= 0.55) exists between erosivity and storm duration. For example, event 

number four at the South-West ridge had a storm duration of 75 minutes and a total storm 

erosivity of 21,516.3 J.mm.m-2.h-1. This is significantly higher than storm number two, which 

had a storm duration of 525 minutes, but a total erosivity of only 19,094.3 J.mm.m-2.h-1. This 

is an initial indication that erosive events with long duration may not necessarily produce 

maximum erosivity. In the case of storm number four, rainfall intensity was a significant 

factor in the production of erosivity.  

 

Overall erosive rainfall event attributes for each station during the study period are 

given in Table 4.3. As discussed above, the Wasteland experienced the higher amount of 

erosive rainfall, a higher amount of erosive rainfall events and therefore received a higher 

overall kinetic energy and total erosivity. However, the difference in total erosivity between 

the two stations was only 5251 J.mm.m-2.h-1, which is interesting in terms of the concepts of 

frequency versus magnitude of climatic phenomena. The South-West ridge station saw far 

fewer erosive events when compared to the Wasteland station but the South-West ridge 

experienced more intense rainfall during the 15 events that occurred there. 

 

Table 4.4 outlines the attributes of individual erosive rainfall events at each station. 

The South-West ridge station experienced the highest storm depth of 32.2 mm, while the 

Wasteland station reached a maximum of 28 mm. Although the Wasteland recorded the 

longest rainfall duration (540 minutes), the South-West ridge had the highest mean duration 

of 146.3 minutes. Maximum as well as mean rainfall intensity were achieved at the South-

West ridge with 50.4 mm.h-1 and 35.5 mm.h-1, respectively. This trend continued for the 

attributes of kinetic energy as well as erosivity. This again indicates that kinetic energy and 

erosivity have a relationship with rainfall depth and rainfall intensity but not rainfall duration. 

 



Chapter 4  66 

__________________________________________________________________________________________ 
 
Table 4.2: Characteristics of erosive rainfall events measured at the Wasteland and South-West 

Ridge monitoring stations with the highest total from each attribute highlighted. 
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Table 4.3: Erosive event attributes at the Wasteland and South-West Ridge rainfall stations over 

the study period with mean and median (in brackets). 

 

Table 4.4: Attributes of erosive rainfall events as measured at the Wasteland and South-West 

ridge. 

 

 

To test the relationship between erosive rainfall attributes, the Pearson Product-

Moment Correlation (PPMC) was used along with linear regression to establish the 

correlation coefficient and the related degree of significance. For all analyses n=37. A 

statistically significant (ρ= 0.01) near linear correlation (r=0.99) was found between storm 

kinetic energy and storm depth. Considering the linear regression coefficient, using the 

regression formula, y=10.3+20.3x, there is an approximate increase of 213 J·m-2 of kinetic 

energy for every 10 mm of depth (Figure 4.8).  
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Figure 4.8: Relationship between storm kinetic energy and storm depth (n=37). 

 

A statistically significant (ρ= 0.01) strong positive correlation (r=0.87) exists between 

erosivity and storm depth (Figure 4.9), although slightly weaker than the relationship between 

storm kinetic energy and storm depth (ρ= 0.01; r=0.99). Event number four is clearly visible 

as an outlier at the top of the chart (21,516.3 J.mm.m-2.h-1) and may have had a slight 

influence on the correlation. Considering the linear regression coefficient, using the regression 

formula, y= -1583.2+564.3x, there is an approximate increase of 4059 J.mm.m-2.h-1 of 

erosivity for every 10 mm of depth (Figure 4.9). 
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Figure 4.9: Relationship between erosivity and storm depth (n=37). 

 

Kinetic energy and storm duration (Figure 4.10) show a significant positive correlation 

(ρ= 0.01; r=0.71), which confirms that an increase in storm duration does indeed increase 

kinetic energy, however the correlation (r=0.71) is slightly weaker than that of storm depth 

and kinetic energy (r=0.99).  
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Figure 4.10: Relationship between kinetic energy and storm duration (n=37). 

 

Erosivity and rainfall duration (Figure 4.11) show a positive correlation (ρ= 0.01; 

r=0.55), however, the correlation is significantly weaker than that of kinetic energy and 

rainfall depth (r=0.99), confirming the initial indication that erosive events with long 

durations may not necessarily produce maximum erosivity. Note event number four again, 

clearly visible at the top left of the chart (21,516.3 J.mm.m-2.h-1).   
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Figure 4.11: Relationship between erosivity and storm duration (n=37). 

 

The monthly erosivity experienced at each station can be seen in Figure 4.12 below. 

The relationship between monthly rainfall and erosivity can be considered highly correlated, 

with a strong positive correlation between the Wasteland rainfall and Wasteland erosivity (ρ= 

0.01; r=0.98). Similarly, a strong positive correlation is found between the South-West ridge 

rainfall and its corresponding erosivity ((ρ= 0.01; r=0.96).  
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Figure 4.12: Monthly distribution of rainfall erosivity and rainfall experienced at each station over the 

study period. 

 

Total erosivity (EI30) for the duration of the study period was calculated at 458,889 

J.mm.m-2.h-1 and 467,015 J.mm.m-2.h-1 for the Wasteland and South-West Ridge, respectively. 

This was done by adding the erosivity of each month (n=24) from each station. The totals 

were added together then divided by 24 to obtain the estimated monthly erosivity for Round 

Island (19,289.6 J.mm.m-2.h-1). Using this figure, the estimated annual erosivity for Round 

Island is calculated at 231,476 J.mm.m-2.h-1. When compared to results from Nel et al. (2012), 

which measured rainfall intensity and erosivity on the drier west coast of mainland Mauritius, 

Round Island’s erosivity is slightly higher than recorded values at Albion (202,282 J.mm.m-

2.h-1) and Beaux Songes (207,140 J.mm.m-2.h-1). Another important factor to note is the 

similarity in elevation of the stations, where Albion’s elevation was 12 m a.m.s.l and Beaux 

Songes was 225 m a.m.s.l, quite comparable to the South-West Ridge (95 m a.m.s.l) and 

Wasteland (69 m a.m.s.l). As Nel et al. (2012) states, there is a noticeable altitudinal and 

temporal difference in rainfall due to the nature of topography and associated orographic 

effects. Since all stations compared here are of a relatively low altitude, it is expected that 

erosivity would be comparable between Round Island and mainland Mauritius. To be 

consistent with global studies (Panagos et al., 2017), Round Island’s erosivity was converted 

to MJ.mm.ha-1.h-1.yr-1, which was estimated at 2,314.76 MJ.mm.ha-1.h-1.yr-1. When compared 

to the global erosivity map compiled by Panagos et al. (2017), Round Island’s erosivity is 



Chapter 4  73 

__________________________________________________________________________________________ 
 

comparable to the hot steppe climate (BSh), which had mean erosivity of 2,371 MJ.mm.ha-1.h-

1.yr-1. 

Sediment transport 

Table 4.5 outlines the catchment size (m2) associated with each Gerlach trough, the 

orientation, coordinates and slope gradient. Collected sediment weights from each Gerlach 

trough for each month are presented in Table 4.6. 152 sediment samples were collected for the 

duration of the study period. Depending on the amount of rainfall recorded in the preceding 

month, total sediment sample weights varied between 0.014 and 1.5 kilograms. The months of 

January and February 2015 recorded unusually high sediment totals but it was uncertain as to 

when the Gerlach troughs were emptied during the December and January period. To avoid a 

situation of recording more than 1 month’s sediment load (weighing sediment collected from 

December 2014-February 2015), as a single month, which would skew the results, the 

sediment totals were excluded from the dataset. 

 

Table 4.5: Attributes of each catchment area and Gerlach trough. 

Gerlach Trough Size (m2) Coordinates Orientation Slope angle

A5 1300.7 19 51' 23.5" S; 57 47' 10.8" E 257˚ 11˚

A6 * 1300.7 19 51' 23.2" S; 57 47' 11.4" E 250˚ 9˚

A7 272.1 19 51' 18.9" S; 57 47' 12.5" E 125˚ 9˚

A8 196.3 19 51' 17.8" S; 57 47' 11.5" E 161˚ 10˚

B1 311.3 19 51' 14.9" S; 57 47' 01.8" E 140˚ 6˚

B2 468.4 19 51' 14.7" S; 57 47' 01.3" E 141˚ 5˚

B3 62.2 19 51' 15.3" S; 57 47' 01.2" E 129˚ 2˚

B4 219.9 19 51' 15.9" S; 57 47' 01.2" E 171˚ 5˚  

*Trough A6 has been excluded from the area dataset (Figure 3.6) due to its location in the middle of the 

catchment.  
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 Table 4.6: Weight (g) of sediment samples collected during study period at the Wasteland with rainfall (mm) and erosivity (EI30) included for 

reference (n = 152). 
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The highest amount of monthly displaced sediment from the Gerlach troughs on the 

eastern (Wasteland) side of the island (sites A5-A8) was recorded in March 2015, where 

4,464 g of sediment was collected across all sites in the area (Table 4.6). Site A7 recorded the 

highest amount in the month of March (1,531 g). Similarly, site A7 also recorded the highest 

overall sediment displacement weight during the study period with a total of 5,654 g and 

monthly average of 297.6 g. The site with the lowest sediment displacement weight was A5 

with a total of 1,125 g over the study period and a monthly average of 59.2 g. Despite having 

a greater slope gradient (11˚) than site A7 (9˚), site A5 recorded less sediment displacement 

weights, which could be attributed to the vegetation cover in the catchment being far denser 

than site A7 (Figure 3.5), indicating that slope angle has less of an influence on sediment 

displacement than that of vegetation cover. It is also significant since the catchment within 

which A5 is located is almost five times the size (1,300.7 m2) of the catchment within which 

A7 is located (272.1 m2). Displaced soil weight per catchment size will be discussed in the 

section below. Figure 4.13 outlines the erosivity index (EI30) and corresponding displaced 

sediment weight collected at each Gerlach trough for the study period. High erosivity levels 

are clearly visible during the months of March 2015 (108,089 J.mm.m-2.h-1) and February 

2016 (100,238 J.mm.m-2.h-1). Correlations between erosivity and sediment transport will be 

discussed in further detail below, however, it is evident that a strong positive correlation 

exists. 
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Figure 4.13: Wasteland monthly erosivity and displaced sediment weight. 

 

The highest amount of monthly displaced sediment from the Gerlach troughs on the 

South-West ridge (sites B1-B4) was recorded in March 2015 (5,206 g) (Table 4.7). Site B3 

recorded the highest amount of displaced sediment in the month of March (1,487 g), however, 

it did not follow the same trend as site A7, as it did not record the highest overall sediment 

displacement during the study period. The highest overall amount of displaced soil for the 

study period was recorded at site B1 (6,179 g) as well as the highest monthly average (325.2 

g). The site with the lowest soil erosion was B2 with a total of 3,547 g over the study period 

and a monthly average of 186.7 g. This could be perhaps due to the presence of slightly more 

vegetation in the catchment area (Figure 3.5). Site B2 recorded significantly less soil erosion 

(3,547 g) than B1 (6,179 g), yet had a bigger catchment size, reinforcing the possible role that 

vegetation plays in reducing soil erosion. Figure 4.14 outlines the erosivity index (EI30) and 

corresponding sediment weight collected at each Gerlach trough for the study period. High 

erosivity levels are again visible during the months of March 2015 (94,582 J.mm.m-2.h-1) and 

February 2016 (87,940 J.mm.m-2.h-1).  

 

Overall, the Gerlach troughs on the South-West ridge (B1-B4) recorded a total soil 

loss of 18,806 g for the duration of the study period. This is significantly higher than the total 
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soil loss across all Gerlach troughs at the Wasteland (12,378 g). The monthly average soil loss 

for the duration of the study period was 3,094.5 g and 4,701.5 g for the Wasteland and South-

West ridge, respectively. An interesting fact to consider is the erosivity index calculated for 

each area. Even though the South-West ridge recorded more soil loss, the area had a lower 

total erosivity over the study period (438,274 J.mm.m-2.h-1) when compared to total erosivity 

at the Wasteland (494,921 J.mm.m-2.h-1). 

 

 

Figure 4.14: South-West ridge monthly erosivity and sediment movement. 
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Table 4.7: Weight (g) of sediment samples collected during study period at the South-West ridge with rainfall (mm) and erosivity (EI30) included for 

reference (n = 152). 
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Sediment transport and catchment area 

Table 4.8 below displays sediment yields calculated as the weight of the sediment 

collected divided by the area of the catchment. The shape and distribution of mean sediment 

displacement (g) per area (m2) is displayed in Figure 4.15. This was done to normalise the 

data in terms of catchment area so that comparisons can be made between the catchments. As 

mentioned above, Gerlach trough A6, which is located within the same catchment as A5, was 

excluded from the area dataset due to its location in the middle of the catchment. Site A5, 

located on the Wasteland side of the island had the largest catchment area (1300.7 m2), and 

therefore, the site recorded the lowest soil erosion (0.52 g.m-2) in March 2015. Compared to 

site A7, which has a significantly smaller catchment size (272.1 m2), and the highest soil 

erosion (5.63 g.m-2), Charlton’s (2009) view that larger catchments can store more sediment is 

confirmed, as sediment yields tend to decrease with an increase in basin size. 
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Table 4.8: Sediment weights (g) divided by catchment area (m2). 
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Figure 4.15: Box and whisker plot displaying shape and distribution of mean sediment displacement 

(g) per area (m2). 

 

In terms of the total amount of sediment collected over the study period divided by the 

area of the catchment, site A5 recorded a total of 0.86 g.m-2, a result far lower than the rest of 

the sites located on the eastern side of the island, where 20.78 g.m-2 and 15.28 g.m-2 were 

recorded for A7 and A8, respectively. 

 

A similar trend occurs on the South-West ridge, where the lowest soil erosion was 

recorded at site B2 (7.57 g.m-2) for the duration of the study period. The highest soil erosion 

was recorded at site B3 (68.39 g.m-2), which had the smallest catchment across all sites (62.2 

m2). Mean sediment displacement for all sites on the South-West ridge was recorded at 29.3 

g.m-2, which was more than double the mean sediment displacement per catchment area for 

the Wasteland sites (12.3 g.m-2). Mean catchment size for the Wasteland and South-West 

ridge were calculated at 589.7 m2 and 265.45 m2, respectively. The monthly median of 

sediment displacement is 1.04 g.m-2 which equates to 12.48 g.m-2.yr-1 or 0.1248 t.ha-1.yr-1. 

Using a surface area of 2.08 km2 (2,080,000 m2), 25,958,400 g (25,958.4 kg) or 25.96 t is 

displaced annually.  

 

 The results presented above confirm the notion that erosion processes and the factors 

influencing them vary depending on the scale at which they are studied (Morgan, 2005). What 

may be considered an “extreme” rainfall event within a small watershed may only be 
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classified as a normal event in a larger watershed. Other factors leading to the South-West 

ridge recording higher amounts of sediment could be attributed to the limited presence of 

vegetation. The Wasteland site has considerably more mixed weed habitat in the area, 

whereas the South-West ridge has isolated areas of mixed weed habitat and a greater amount 

of exposed bare ground. Vegetation helps trap sediment and plays a significant role in the 

protection of soil and prevention of erosion, as raindrop and wind energy is dissipated by 

vegetation. A third factor to consider is the significance of slope angle and the role it may 

play in sediment displacement. The results of this study suggest that slope angle does not play 

a major role in the mobilisation of sediment, although it is important to note that a maximum 

slope angle of 11˚ was recorded in the catchments of this study, which may not be a great 

enough angle to have a significant influence. As stated by Pimental & Kuonang, (1998), 

terrains with higher slope-length have higher rates of erosion due to higher runoff energy and 

volume, however, this does not appear to be a contributing factor to sediment yields on Round 

Island. 

 

To test the relationship between erosive rainfall attributes and sediment transport, the 

Pearson Product-Moment Correlation (PPMC) was used along with linear regression to 

establish the correlation coefficient and the related degree of significance. For all analyses 

n=19. For all correlations, the values from all Gerlach trough sites excluding site A6 were 

averaged as well as the rainfall from both environmental monitoring stations. A strong, 

statistically significant (ρ= 0.01) positive correlation (r=0.93) was found between average 

rainfall and average displaced soil weight (Figure 4.16). Considering the linear regression 

coefficient, using the regression formula, y=20.1+0.1x, there is an approximate increase of 

200 g sediment displacement per 45.5 mm of rainfall depth (Figure 4.16).  
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Figure 4.16: Relationship between combined average displaced soil weight and average total rainfall 

(n=19). 

 

A strong, statistically significant (ρ= 0.01) positive correlation (r=0.96) was found 

between average kinetic energy and average displaced soil weight (Figure 4.17). Considering 

the linear regression coefficient, using the regression formula, y=201.9+1.9x, there is an 

approximate increase of 200 g sediment displacement per 586.8 J·m-2 (Figure 4.17). 
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Figure 4.17: Relationship between combined average displaced soil weight and average kinetic energy 

(n=19).  

 

A strong, statistically significant (ρ= 0.01) positive correlation (r=0.90) was found 

between average erosivity and average displaced soil weight (Figure 4.18). Considering the 

linear regression coefficient, using the regression formula, y=3454.4+100.7x, there is an 

approximate increase of 200 g sediment displacement per 23,600.4 J.mm.m-2.h-1 (Figure 

4.18). 
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Figure 4.18: Relationship between combined average displaced soil weight and average erosivity 

(n=19).  

 

A strong, statistically significant (ρ= 0.01) positive correlation (r=0.90) was found 

between total average rainfall and average displaced soil weight per catchment area (Figure 

4.19). Considering the linear regression coefficient, using the regression formula, 

y=20.7+23.8x, there is an approximate increase of 1 g.m-2 of sediment displacement per 44.4 

mm of rainfall depth (Figure 4.19). 
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Figure 4.19: Relationship between combined average displaced soil weight divided by catchment area 

and average total rainfall (n=19). 

 

A strong, statistically significant (ρ= 0.01) positive correlation (r=0.94) was found 

between average kinetic energy and average displaced soil weight per catchment area (Figure 

4.20). Considering the linear regression coefficient, using the regression formula, 

y=208.3+362.6x, there is an approximate increase of 1 g.m-2 of sediment displacement per 

570.9 J·m-2 (Figure 4.20). 
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Figure 4.20: Relationship between combined average displaced soil weight divided by catchment area 

and average kinetic energy (n=19). 

 

A strong, statistically significant (ρ= 0.01) positive correlation (r=0.88) was found 

between average erosivity and average displaced soil weight per catchment area (Figure 4.21). 

Considering the linear regression coefficient, using the regression formula, 

y=4,077.5+18,711.3x, there is an approximate increase of 1 g.m-2 of sediment displacement 

per 22,788.8 J.mm.m-2.h-1 (Figure 4.21). 
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Figure 4.21: Relationship between combined average displaced soil weight divided by catchment area 

and average erosivity (n=19). 
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Particle size analysis 

Sediment samples of approximately 120 grams from each Gerlach trough for the 

months of February and March 2015 and January, February, March 2016 were grouped 

together as Site A (Wasteland) and Site B (South-West ridge) for analysis in an Gradistat 

Excel spreadsheet (Blott & Pye, 2001), which describes the shape of particle size distribution 

of the samples (Table 4.9) (i.e. mean, skewness and sorting). Although both sites A and B 

were classed per the Wentworth grade as “sandy very fine gravel” and grouped in the textural 

group as “sandy gravel”, there were slight differences between the two sites (Figure 4.22). For 

example, Site A and Site B were recorded as 36.9 percent gravel and 63.1 percent sand and 

41.7 percent gravel and 58.3 percent sand, respectively (Table 4.9). Thus, Site A comprises 

slightly more finer particles than Site B. Table 4.9 provides a more comprehensive breakdown 

of grain size distribution for each site. The particle sizes recorded used in Table 4.9 are 

presented in Table 4.10. 

 

 

Figure 4.22: Grain size distribution diagram with site A and B indicated as points.  
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Table 4.9: Grain size distribution from each sample site. 

Site Gravel Sand Mud 

 Fine 

gravel 

(%) 

Very fine 

gravel (%) 

Very 

course 

sand (%) 

Course 

sand 

(%) 

Medium 

sand (%) 

Fine sand 

(%) 

Very fine 

sand (%) 

Very course 

silt (%) 

Site A 

(Wasteland) 

0.0 36.9 18.8 18.5 15.2 8.1 2.5 0.0 

 36.9 63.1 0.0 

Site B 

(S.W.R.)  

0.0 41.7 19.2 19.6 9.3 7.8 2.5 0.0 

 41.7 58.3 0.0 

 

Further results of the particle size distribution analysis are presented as cumulative 

curves on a logarithmic scale (phi) in order to normalize the distribution (Appendix 1). 

Descriptive statistical analysis (mean, skewness, sorting, and kurtosis grading) of each site is 

also available in the appendices, however, the samples are not unimodal. The sorting, 

skewness and kurtosis statistics must be examined with caution. When using the geometric 

method of moment (µm), Site B recorded a mean particle size of 1045.9 µm, which is slightly 

larger than Site A (917.9 µm). Both sites are poorly sorted, with a sorting value in the range 

of 2.37-2.72. Both sites are negatively skewed, representing coarse sediments with -0.75 and -

1.07 for Site A and Site B, respectively.  

 

Table 4.10: Wentworth textural classification in relation to particle size. 

Wentworth textural classification Particle Size (mm) 

Fine gravel 4 

Very fine gravel 2 

Very course sand 1 

Course sand 0.5 

Medium sand 0.25 

Fine sand 0.125 

Very fine sand 0.0625 

Very course silt 0.031 

 

In summary, this chapter has presented the results of the specified methodology in the 

previous chapter. Important findings and analysis have been highlighted and will be discussed 

in further detail in the following chapter. Differences in kinetic energy and erosivity between 

the two environmental monitoring stations were found to be relatively high. Results of the 

sediment displacement clearly indicate that vegetation traps sediment and plays a significant 

role in the protection of soil and prevention of erosion. 
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Chapter 5: Discussion  

This chapter provides a detailed discussion based on the findings of the results 

presented in the Chapter 4. First, the erodibility of the soils on Round Island is discussed. 

Second, rainfall erosivity and its attributes are discussed for the Wasteland and South-West 

ridge study sites. Third, sediment displacement is discussed in the context of soil erodibility 

(endogenic processes) and rainfall erosivity (exogenic processes). Fourth, soil conservation 

and potential steps for management are discussed. Fifth, Zoogeomorphology and the effects 

of birds and mammals on Round Island are discussed, and lastly, the opposing factors of 

landscape dynamics are discussed.  

 

Soil on Round Island 

Two types of soils were identified during a soil survey by Johnston (1993), namely 

Lithic leptosols and Dystric leptosoils. Compared to the mature ferralatic (Latosoils) and 

Latosolic soils found on mainland Mauritius (Proag, 1995), soils on Round Island show very 

little resemblance, instead they appear to have been characterised by the island’s unique 

environmental setting, in terms of its volcanic history, topography, climate and vegetation. 

Soils on Round Island are generally very thin and not continuous. According to Johnston 

(1993), it is not possible to determine the original nature of soils on Round Island. Johnston 

(1993) indicates that the majority of soils found on the island are sandy loams with a 

relatively uniform texture, little structure and poor profile development. This can be attributed 

to previous soil loss and recent regeneration and may be considered as a secondary parent 

material overlying the original welded tuff parent material (Johnston, 1993). Poor profile 

development suggests that the soils in various areas are more like sediment which has been 

deposited as a result of downslope movement, rather than as a consequence of physical 

weathering of the tuff rock. The results of the particle size analysis from sediment that was 

collected during the study indicate slightly different results to the Johnson (1993) study, 

where both sites were negatively skewed, and according to the Wentworth Grade, fall within 

the sediment size of gravelly sand. In addition, both sites were poorly sorted, indicating a 

mixture of different particle sizes, however, the samples were not unimodal. Therefore, the 

sorting, skewness and kurtosis statistics suggest that the trapped sediment may come from 

both soil and small rock fragments (parent material). Another factor to consider concerning 

sediment collected from the Gerlach troughs is the effect of aeolian erosion processes, where 
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finer particles picked up by wind energy may have been blown out of the troughs prior to 

collection, which would further skew the data.  

 

Concerning soil erodibility, particle size between 0.04-0.25 mm seem to be most 

susceptible to detachment (Poesen, 1993). In the case of Round Island, however, soils with 

larger sizes, between 0.5 mm and 2.0 mm, were more commonly found to have been 

detached. This supports the view by Dóniz-Paez et al. (2011) that Round Island’s relatively 

young volcanic cone will largely comprise gravelly sand. On average, across all study sites, 

more than 70% of particles were in the 0.5-2.0 mm range. From the results, the material found 

at the Wasteland (Site A) study site was slightly finer than particles found at the South-West 

ridge (Site B) study site. This may suggest that the material at the Wasteland study site has 

had more time to disaggregate, possibly due to the presence of more vegetation. Overall, 

results show that there was not much variation in soil characteristics between the different 

study sites. This may be due to the size of the island, which is relatively small (208 ha), 

resulting in little scope for environmental variations in terms of volcanic history, climate, 

vegetation, land use and topography.  

 

General rainfall attributes 

The rainy season on Round Island is typically concentrated between December and 

April, which has been confirmed in the results section of this dissertation, where December, 

January, February and March experienced the highest rainfall amounts. According to Proag 

(1995), February and March are the wettest months on mainland Mauritius. Although the 

months experiencing the highest rainfall amounts are well aligned, some meteorological 

stations on Mauritius can receive up to six times more rainfall than Round Island. Long term 

mean annual rainfall on Mauritius reveals that the eastern side of the island receives 

approximately 1200 mm of rainfall, the elevated central region receives upwards of 4000 mm, 

and the west coast as little as 600 mm (Rughooputh, 1997). It can be deduced that the 

attributes of rainfall on Mauritius are affected by the island’s raised topography, which has a 

major influence on orographic forces. When compared to Mauritius (828 m a.m.s.l), Round 

Island has a maximum altitude of 280 m a.m.s.l, which evidently plays a role in the overall 

mean annual rainfall totals. In 2015, mean annual rainfall for Round Island was 699 mm, 

which was considerably less than the previous recorded average of 866 mm (see MWF, 

2011). However, cognisance should be made of the fact that no tropical cyclones were 

recorded during the study period, and should a cyclone have occurred, average rainfall could 
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have increased by up to 245 mm (Le Roux, 2005). It is expected that had such a system, and 

the associated rainfall, passed near or over Round Island during the study period, it would 

have had a major impact on soil erosion and rainfall totals on the island.  

 

Erosive events 

Relatively similar rainfall erosivity totals were recorded at each station on Round 

Island, however, the number of erosive events experienced at each station differed slightly. 

The results confirm what was found in earlier literature, which states that the south-eastern 

side of the island is wetter and cooler, possibly due to the South-East Trade Winds and frontal 

systems. The same pattern, as mentioned above, can be found on Mauritius, where the eastern 

side of the island experiences considerably more rainfall (1200 mm) than the western side 

(600 mm) (Nigel & Rughooputh, 2010). The maximum erosivity produced during an 

individual rainfall event on Round Island was 21,516.3 J.mm.m-2.h-1. This event had a storm 

duration of 75 minutes and rainfall depth of 21.2 mm. This figure is far smaller than the 

maximum erosivity found in the study by Mongwa (2011), where a maximum erosivity of 

800,000 J.mm.m-2.h-1 was recorded at Trou aux Cerfs on Mauritius. The maximum erosivity 

on Round Island was below the average mean erosivity across five meteorological stations on 

mainland Mauritius (29,043 J.mm.m-2.h-1). A study conducted by Nel et al. (2016) also 

reported significantly higher storm depth, storm duration and erosivity totals on Mauritius. 

The characteristics of 120 extreme rainfall events were measured and revealed a maximum 

storm depth of 615 mm, erosivity of 2,240,158 J.mm.m-2.h-1 (two orders of magnitude greater 

than Round Island) and maximum storm duration of 4,932 minutes.  

 

Since there is a highly correlated relationship between erosivity and rainfall depth, we 

must also compare the maximum and mean rainfall depths recorded on both Round Island and 

Mauritius. On Round Island, the storm with the highest rainfall depth recorded a total depth of 

32.2 mm and an average mean rainfall depth of 14.25 mm. Compared to the study done by 

Mongwa (2011), a maximum rainfall depth of 435.8 mm and an average mean rainfall depth 

of 49 mm was recorded across five rainfall stations. Rainfall depths at the elevated interior of 

Mauritius are markedly higher when compared to Round Island and this is heavily reflected in 

the erosivity totals. Similarly, storm duration on Round Island was far lower than that of 

storms recorded on Mauritius. The maximum storm duration and average mean duration for 

an erosive event was 540 minutes was 138 minutes, respectively. This is significantly lower 

than the maximum duration on Mauritius (4,560 minutes) and average mean duration (620 
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minutes). Overall, rainfall and erosivity on Round Island is far less, when compared to 

mainland Mauritius, which could explain why soil erosion was recorded at two orders of 

magnitude less than on Mauritius.  

 

Comparing erosivity from Round Island to erosivity on a global scale is now possible 

following the study done by Panagos et al (2017), which estimated the global mean rainfall 

erosivity to be 2,190 MJ.mm.ha-1.h-1.yr-1. Round Island’s erosivity (2,314.76 MJ.mm.ha-1.h-

1.yr-1) is, therefore, slightly above the mean global estimate. The study by Panagos et al 

(2017) estimates the continent of South America to have the highest mean erosivity of 5,874 

MJ.mm.ha-1.h-1.yr-1, followed by Africa (3,053 MJ.mm.ha-1.h-1.yr-1), and the middle east 

(1,487 MJ.mm.ha-1.h-1.yr-1). On a country level, Mauritius and the Comoros have the highest 

worldwide mean annual erosivity, which was close to 20,000 MJ.mm.ha-1.h-1.yr-1. The lowest 

mean erosivity values were found to be less than 115 MJ.mm.ha-1.h-1.yr-1, estimated for 

Western Sahara, Libya and Egypt.  

 

Table 5.1: Mean rainfall erosivity values as per Panagos et al (2017) for comparison to Round 

Island. 

 

 

Sediment transport rates on Round island 

Nigel & Rughooputh (2012) state that soil erosion by water is one of the most 

important natural resources management problems in the world. Furthermore, Nigel & 
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Rughooputh (2012) indicate that the damage it causes on-site are soil loss, breakdown of soil 

structure, and a decline in organic matter content, nutrient content, fertility, and infiltration 

rate. The rate of soil erosion for Round Island, derived from sediment displacement in 

monitored catchments, is currently estimated at 12.48 g.m-2.yr-1 or 0.1248 t.ha-1.yr-1. Using 

this rate, the total soil loss on Round Island is estimated at 25.96 t.yr-1. The estimated soil 

erosion rate is extremely low (two orders of magnitude less) when compared to modelled 

rates of soil erosion under natural vegetation (RUSLE = less than 10 t.ha-1.yr-1) on Mauritius 

(see Le Roux, 2005). Although overall sediment transport rates are low, it is important to 

consider that the most recent cyclone was in February 2007, and therefore, sediment transport 

rates are expected to be lower than had such a system, and associated rainfall, passed near or 

over Round Island during the study period.  

 

In comparison to studies on other tropical islands, Calhoun & Fletcher (1999) 

estimated a total sediment loss of 0.86 t.ha-1.yr-1 in the densely vegetated area of Hanalei 

watershed on the South Pacific Island of Kauai. McMurtry et al. (1995) calculated a sediment 

yield of 0.6 t.ha-1.yr-1 in the 42.9 km2 catchment of O’ahu Island, that drains Honolulu and has 

steep undeveloped mountains. Le Roux (2005) concludes that the overall higher rates of 

erosion on Mauritius (11 t.ha-1.yr-1) are most likely due to the extensive cultivation. Thus, the 

very low rate of sediment displacement calculated for Round Island is most likely due to the 

observation that most of the soil has already been eroded, leaving a largely barren landscape 

(Figure 5.1) with evidence of erosion into bedrock (Bean et al., 2017), as well as the fact that 

no tropical cyclones passed near or over the island during the study period.   
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Figure 5.1: Largely barren landscape of Round Island. 

 

Soil conservation  

Much work has been done on Round Island to limit soil erosion. Since Johnston’s 

(1993) soil survey, the recovery of degraded soils and the protection of areas known to have 

deeper soils that favour regeneration of plant communities have been carried out successfully. 

The establishment of pioneer species (grasses and shrubs) have assisted in increasing 

vegetation cover and has played a role in protecting planted areas from shearwater burrowing. 

Extensive planting of the Latania loddigessii and Ipomea pes-caprae have greatly assisted in 

reducing soil loss in the gullies. Several ad hoc mechanical conservation methods have also 

been implemented through the construction of soil traps, which have proven to be successful 

in trapping soil (Figure 5.3) locally but have not been successful in treating the source of the 

problem or the gully systems. Overall, vegetation cover has increased considerably, indicating 

positive results from the rehabilitation programme. Le Roux (2005) notes that vegetation 

cover is a primary controlling factor with regards to soil erosion. Thus, going forward, the 

most appropriate steps would be to continue establishing vegetation regeneration but on an 

island-wide scale, and if possible, extensive revegetation should be carried out in key areas 
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where soil erosion is likely to be more intense. Steep slopes and high rainfall are also noted as 

contributing factors, however, rainfall and slope steepness are not manageable components 

and, therefore, revegetation must be prioritised. After consultation of 55 studies covering 21 

countries regarding soil loss, Labrière et al. (2015) concluded that soil loss was maximum on 

bare soils and exceeded that of all other land-use types. The results of this study confirm the 

above, and when considering the slope gradient, catchment size, erosivity and vegetation for 

each of the study sites, it is vegetation that seems to be the defining factor in the rate of soil 

erosion on Round Island. Sites at the South-West Ridge (Figure 5.2) have significantly less 

vegetation present, resulting in more soil erosion.  

 

Another point to consider is the predominantly convex slopes found throughout the 

island, which influence soil movement as there are no relatively flat areas for soil to settle and 

delay or halt their movement downslope following an intense rainfall event. However, 

according to Bean et al. (2017), sediment that is displaced from the hillslopes and upper 

reaches is transported downslope following rainfall events, and appears to be settling in the 

gullies. This may be attributed to either an excessive supply of sediment or an undersupply of 

water. A unique geomorphological evolution has taken place, where the gullies have gone 

from being a sediment source, to a sediment sink. The result is an increase in vegetation, 

specifically the Latania loddigessii, which has played a significant role in further slowing the 

process of erosion in the gullies as vegetation cover increases flow resistance thereby 

reducing runoff velocity and sediment transport (Rey, 2003). It would appear that due to the 

extensive nature of gullies on Round Island (Figure 5.3), erosion is a naturally accelerated 

process, which has been enhanced by prior disturbances, thus, the establishment of 

revegetation is of paramount importance. 
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Figure 5.2: A) Geo-technical mesh screen to slow the transport of sediment. B) Stone wall sediment 

trap. Hat for scale. 

 

Zoogeomorphology 

The idea of animals acting as geomorphic agents have long been considered curiosities 

in geomorphology literature. However, on Round Island, there is a definite influence from 

birds and mammals. For instance, the introduction of goats and rabbits to Round Island 

between 1840 and 1865 has resulted in the destruction of natural vegetation, perhaps the worst 

loss has been the hardwood forest (Bullock, 1977). Overgrazing has also detrimentally 

affected the ecology of the island, and resulted in the extinction of various species such as the 

burrowing boa (Bolyeria multocarinata) and Mascarene giant tortoise (Cylindraspis). The 

extinction of the tortoises led to the disruption of many ecosystem interactions such as seed 

dispersal.   
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Figure 5.3: View downslope of lower “big gully” towards the coastline, which deeply dissects the 

landscape and represents erosion of the highest severity on Round Island with researcher 

circled for scale.   

 

As part of the ecosystem restoration process, the MWF introduced Giant Aldabran 

(Aldabrachelys giganta) and Madagascan radiated (Astrochelys radiata) tortoises to Round 

Island in 2007 to replace the missing plant-herbivore interactions. The tortoises, 

taxonomically and functionally, perform similarly to the extinct Mascarene giant tortoises 

(Cylindraspis), and seem to have had a largely beneficial impact on the island (Griffiths et al., 

2010). The innovative landscape restoration approach is to use the tortoises to control the non-

native plants that are threatening persistence of the native species. Griffiths et al. (2010) 

conclude that the introduction of the tortoises are a more cost-effective approach to 
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controlling the non-native vegetation than manual weeding. Although the tortoises form 

wallows for resting and, by doing so, remove vegetation, exposing the underlying soil, they 

are mostly very shallow as reported by Bean et al., (2017) and seem to have a relatively small 

impact. No linear erosion forms were created as a result of the wallows, although the exposed 

soil may be susceptible to sheatwash during times of intense rainfall. Exclusion plots have 

previously been set up to monitor the effects of tortoises on vegetation consumption. Bean et 

al., (2017) reported that vegetation cover was greater within the plot, indicating that tortoises 

do have an effect on vegetation biomass, although did conclude that there appears to be no 

overall negative impact on soil loss. Tortoises are largely seen as ecosystem engineers, 

through the distribution of seeds, namely the large seeds of the endemic Latania loddigessii 

palm species, and the preferential grazing of invasive plant species, creating various 

ecological benefits. Observations indicate that the tortoises also tend to eat the leaves of plants 

and do not disturb the roots when grazing. Therefore, it is believed that at the current tortoise 

density, and as long as overgrazing does not occur, their reintroduction can be considered as 

beneficial to plant regeneration and soil conservation on Round Island.  

 

The current influence of the Wedge-tailed Shearwater (Puffinus pacificus), which have 

created hundreds of burrows in areas of deeper soils in the Mixed Weed habitat (Figure 5.4), 

remains unclear. Johnston (1993) observed the presence of rill erosion below burrows. These 

burrowing seabirds are known to have an impact on soil properties and increase the risk of 

soil erosion due to a loss in vegetation, compaction of nearby soils and reduced infiltration 

(Bancroft et al., 2005). However, according to Kinlaw & Grasmueck (2012), a positive 

function of burrows is the turnover of soil nutrients, which can promote vegetation growth. 

Similarly, Butler (1995) reports that the soils surrounding a nest are considerably more acidic, 

which has been attributed to the collection of bird droppings, acting as a fertilizer, 

encouraging plant growth. Thus, more research should be conducted on the geomorphological 

impacts of animals on Round Island, particularly the impacts of burrowing birds on sediment 

displacement and nutrient cycling for vegetation. 
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Figure 5.4: Evidence of seabird burrows into soil on Round Island. Hat for scale.  

 

This chapter has discussed the results and objectives set out in the previous chapters. 

Important findings have been highlighted with regards to the landscape dynamics, soil 

properties, rainfall attributes, erosivity and sediment transport. This research project 

concludes in the following chapter with a summary of the findings and observations. 

 

Landscape Dynamics 

Rates of primary erosion on hillslopes are determined by rainfall erosivity, runoff, and 

the erodibility of the surface (Al-Durrah & Bradford, 1982). Factors influencing this include 

geology, soil type, vegetation, slope gradient, slope length and human activity (Charlton, 

2009). It is extremely difficult to quantify erodibility and erosivity in order to predict the rate 

of soil erosion for a particular slope or study area. Nonetheless, this study attempts to express 

the rate of sediment transport as a function of specific variables, namely rainfall erosivity, 

derived from the kinetic energy of rainfall events and soil erodibility. It is important to 

consider the influence of climate on erosivity and its indirect effects on soil erodibility, 

especially in terms of the presence of vegetation and moisture content. For example, although 
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the interior plateau of Mauritius experiences significantly more rainfall erosivity, the area is 

extremely well vegetated, which enables the landscape to withstand larger rain drops 

associated with high intensity rainfall, making the soils less vulnerable to direct rainfall (Nigel 

& Rughooputh, 2010). Rainfall erosivity is the potential of rainfall to detach soils on impact, 

as such, the considerations of existing vegetation cover are important. Since Round Island 

receives far less rainfall per annum, and has a much drier landscape than the interior of 

Mauritius, soil is expected to be more vulnerable to erosion at a local scale. Having said that, 

there are areas in Mauritius that experience comparable erosivity levels with Round Island, 

such as the drier West coast, and it is important to stay cognisant of this fact. 

 

Detachability is a common term in the terminology used to describe hillslope material, 

and materials can be regarded as having a range of detachability. Some materials may be 

completely undetachable by a certain process whereas other materials may be infinitely 

detachable, where the rate of erosion on a slope is controlled by the transporting capacity of 

the process (Lal, 1990; Toy et al., 2002; Morgan, 2005). An example of the role of an external 

factor (exogenic) is the situation where the moisture content of slope materials is significantly 

increased during a period of intense rainfall. Soils on Round Island can be considered highly 

detachable. The rills and gullies present on Round Island are typically bedrock incised (Figure 

5.3), which are contrary to the norm where formation usually takes place in the soil layer and 

terminates at the bedrock level (see Bean et al., 2017). This can be attributed to the properties 

of the scoriaceous basalt (volcanic tuff). Bean et al. (2017) indicate that the underlying parent 

material (bedrock) has low Schmidt Hammer rebound values, making it friable and possibly 

more susceptible to erosion by water. However, little is known about the role of parent 

material properties and their influence on the resistance to gully erosion processes (Poesen et 

al., 2003). 

 



Chapter 6  103 

__________________________________________________________________________________________ 
 

Chapter 6: Conclusion 

Summary and key findings 

This project aimed to assess rainfall characteristics, erosivity and soil erosion on 

Round Island, Mauritius. Prior studies investigating the ‘R-factor’ have taken place in a 

variety of environments, however, none had previously been conducted on Round Island. 

Round Island is a small islet off the north coast of Mauritius. Prior to the mid-1970s, Round 

Island was subjected to heavy overgrazing by goats and rabbits, which detrimentally affected 

the ecology and geomorphology of the island. Currently, the island exhibits a largely barren 

landscape with bedrock incised gullies (Bean et al., 2017) that represent erosion phenomena 

of the highest severity which prompted this study. Now classified as a nature reserve and 

home to several endangered species, vegetation monitoring is ongoing and soil conservation 

has been implemented through the use of mechanical methods and revegetation initiatives.  

 

The study made use of two environmental monitoring stations to determine the rainfall 

characteristics of Round Island. From the data collected, the Wasteland study site recorded 

slightly more rainfall than the South-West Ridge study site, presumably due to the presence of 

the South-East Trade Winds. As a result, the Wasteland station received slightly more erosive 

rainfall events. Although rainfall intensities on the eastern side of the island exceed the 25 

mm.h-1 parameter on more occasions, the South West Ridge station recorded the highest 

rainfall intensities. The month of March was noted as the month with the highest number of 

erosive rainfall events, even though, on average, less rainfall was received during this month.  

 

Calculations were performed following the EI30 method using 15-minute interval 

rainfall data with the aim of identifying the erosive characteristics of individual rainfall 

events. Kinetic energy and erosivity recorded during the study revealed that mean values were 

greater at the South-West ridge station. The maximum kinetic energy produced during any 

individual storm was 645.1 J·m-2, recorded at the South-West ridge. Similarly, the maximum 

erosivity was also recorded here (21,516.3 J.mm.m-2.h-1). The findings revealed that kinetic 

energy and erosivity levels are far lower than those found by Mongwa (2011) for Mauritius. 

Statistical analysis revealed that significant positive correlations exist between certain erosive 

attributes on Round Island. These include positive correlations between rainfall depth and 

kinetic energy and erosivity. Rainfall event duration also shows a positive correlation with 

kinetic energy and erosivity, however, the correlations are slightly weaker than rainfall depth. 
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 Once the erosive characteristics were measured, the attributes were considered 

alongside the monthly soil displacement to determine the relationship between rainfall and 

sediment movement. Depending on the amount of rainfall recorded in the preceding month, 

total sediment sample weights varied between 0.014 and 1.5 kilograms. A strong, statistically 

significant (ρ= 0.01) positive correlation (r=0.93) was found between average rainfall and 

average displaced soil weight. Considering the linear regression coefficient, there is an 

approximate increase of 200 g sediment displacement per 45.5 mm of rainfall depth. 

Significantly less rainfall was recorded on Round Island than most regions of Mauritius (see 

Rughooputh, 1997), which consequently lead to lower kinetic energy and erosivity levels. 

Erosivity was recorded at almost one order of magnitude less than Mauritius (Mongwa, 2011; 

Nel et al., 2016) and up to two orders less when considering modelled sediment transport 

rates (Le Roux, 2005). However, it is important to be cognisant of the fact that no tropical 

cyclone was recorded during the study period, which could have had a major influence on soil 

erosion and rainfall totals.    

 

The annual sediment movement rates for Round Island were established during this 

study (0.1248 t.ha-1.yr-1) and were found to be considerably lower than Mauritius (10 t.ha-1.yr-

1), as well as other tropical island such as Kauai (0.86 t.ha-1.yr-1) and O’ahu (0.6 t.ha-1.yr-1). 

Thus, although the estimated rates of soil erosion are very low for humid tropical regions, 

these rates only reflect the contemporary environmental conditions and cognisance of the 

landscape history should be incorporated into assessments of soil erosion. The barren 

landscape and very low contemporary rates of soil erosion suggest that most of the erodible 

soil has already been eroded. Nevertheless, findings from this study also suggests that there is 

a statistically significant positive relationship between rainfall and sediment transport and that 

catchment size as well as vegetation play major roles in the rate of sediment transport. The 

study confirms Charlton’s (2009) view that larger catchments can store more sediment as 

sediment yields were markedly lower on the Wasteland side of the island. Similarly, findings 

from this study suggest that vegetation plays a major role in reducing soil erosion, as 

catchments containing denser vegetation recorded lower sediment yields. Another point to 

consider is the predominantly convex slopes found throughout the island, where slope 

gradients range between 10-30°, which influence soil movement rates. Mararakanye & 

Sumner (2017) suggest that gully erosion propensity increases rapidly for hillslopes steeper 

than 4.5° which may explain why gully erosion is so prevalent on Round Island. 
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The sediment characteristics were established through particle size analysis. Round 

Island’s underlying geological material is made up of consecutive beds of tuff, which has 

recorded low Schmidt Hammer values (Bean et al., 2017), making it highly susceptible to 

water erosion. Soils on Round Island between the particle sizes of 0.5-2.0 mm seem to be 

most susceptible to detachment, supporting the view of Dóniz-Paez et al. (2011) that Round 

Island has a relatively young volcanic cone. The particle size analysis revealed that sediment 

comprises of mostly gravely sand, although the samples were not unimodal and, therefore, 

may be considered unreliable. Findings show that there was a lack of fines found in the 

Gerlach troughs, possibly due to wind erosion, which would have skewed the results. The 

physical properties of the soil on Round Island are different in comparison to Mauritius 

(Johnston, 1993), which is likely due to the island’s unique environmental setting, in terms of 

its volcanic history, topography, climate and vegetation. 

 

Scope for future research 

Going forward, high resolution rainfall data recording must continue to ensure more 

accurate assessments and future research, which can greatly assist the conservation effort for 

Round Island. Future research should focus on establishing the rainfall erosivity over a longer 

period (more than 20 years) could be highly beneficial as stated by Renard et al. (1997). 

Additionally, research should focus on establishing the erosive characteristics of rainfall 

events derived from known cyclone activity, which could be used to compare with this study 

and aid in establishing more accurate sediment transport rates. Future research should make 

use of unmanned aerial vehicles (i.e. drones) in order to capture high resolution aerial 

photography and build digital elevation models. These can be used to model soil erosion, on 

an island scale, as well as model the hydrology of Round Island. Modelling the hydrology 

will allow researchers to identify key areas where soil erosion is intensified, identifying 

important areas for revegetation.  

 

The island is of great biological importance and home to a number of endangered 

plant and wildlife species which must be protected and conserved. Therefore, conservation 

efforts should focus on wide-scale revegetation, especially in key areas where soil erosion is 

likely to be more intense. Further investigations into the potential impacts of introduced non-

indigenous tortoise species and burrowing bird species as geomorphic agents should be 

conducted, especially with regards to sediment displacement and nutrient cycling within the 

ecosystem. In particular, an investigation into the spatial extent of burrowing by bird species, 
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the volume of displaced soil by burrowing and nutrient cycling around the burrows could 

reveal various insights into the impacts of burrowing bird species as geomorphic agents and 

ecosystem engineers on Round Island; one of the few seabird breeding stations in the Western 

Central Indian Ocean.  
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