The landscape holds answers
to more questions than we
have yet learned to ask

Apologies: Nancy Wynne Newhall

Perspectives of an environmental
scientist
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Presenter
Presentation Notes
Vice Chancellor, Deputy Vice Chancellors, Deans, Heads of Departments, family members, invited guests, students, colleagues, friends.
It is a privilege to be talking this evening about my life’s journey as a scientist.  Thank you Dr Badat for your words of introduction.  I am overwhelmed and honoured by the turnout – thank you one and all for being here on this occasion. 
My talk this evening is about work I have done in landscapes over the length of my working life. 
Surprisingly, there is not one of us who does not interact with the landscape in a substantial way, and we have great expectations of it.  Our food is produced from the land but we take this for granted.  Landscapes generate wealth or lead to ruin for commercial farmers, and for subsistence farmers and for individual households they offer opportunities to survive.  Much commercial activity around Grahamstown relies entirely on how wildlife interacts with ecosystems that reflect landscape-level processes.  Potable water, which originates from the landscape, is a basic human right.  





Presenter
Presentation Notes
Implicit in the title of my talk is the idea that the landscape has a voice – it "holds answers".  Our understanding of landscapes depends on the questions we ask about their appearance and dynamics.  What I love about the voice of landscapes is its gentle nature – it whispers.  It's a seductive voice, inviting one to hear secrets.  I have long been curious about the intimate language of landscapes and this has stemmed from a personal connection with nature from a very early age.  
My interests led me into the fields of ecology and geomorphology, both of which have allowed me to unravel some of these secrets.  
So, in tonight’s talk there are a number of narratives that form a part of my story. The first narrative is about science.  It’s about how we uncover nature’s secrets and thus create new understanding. 





Presenter
Presentation Notes
Despite many generations of scientists like myself working to understand landscapes, they constantly deliver surprises.  
An example close to home is the collapse of a national road – the N2 between Grahamstown and Port Elizabeth.  The catchment above the section of road that collapsed is minute at less than one square kilometer!   Road engineers designed the road to cope with flows from such a small catchment, and yet the road failed on a massive scale.  
My contention in this and in many cases, is that our understanding does not match the complexity of the landscape, and nature therefore delivers surprises.  
My pathway as a scientist over many years has been to generate understanding of ultimate causes, which integrates the multitude of factors that shape landscapes.  These are complex systems, which is not the same as saying they are complicated systems.  Complex systems are tractable – they can be understood. The thing about them is that they are nonlinear. In other words, they may change from one configuration to another by crossing a threshold. Thresholds are often difficult to identify in nature, but let me give you an example of a complex system with thresholds.
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Presenter
Presentation Notes
This diagram illustrates research I have done in which I examined why wetlands in southern Africa erode.  Previously, wetland erosion was explained primarily by poor land use and farmers have largely been blamed for wetland degradation throughout South Africa.  I was surprised to observe that wetlands degrade across a range of land uses, and felt uncomfortable with the idea it was entirely a consequence of poor land use.
To investigate this further I plotted wetland longitudinal slope in relation to wetland size. The red dots indicate those wetlands that are eroding, while the green dots indicate those wetlands that are not eroding.  Interestingly, the red and green dots can be separated by a line on this diagram.  Wetlands above the line – those with a high slope for their size – are eroding.  However, those wetlands below the line – those with a low slope for their size – are not eroding.  This line represents the threshold slope – if a wetland of a given size has a slope greater than the threshold slope, it is likely to erode.  
This is a nice example of a nonlinear response of wetlands as it illustrates the idea that if a threshold is crossed the wetland suddenly changes state from non-eroded to eroded.  Erosion in wetlands is catastrophic.
We might ask “under what circumstances would a wetland cross this threshold?”  
The sensible question to ask in starting this discussion is: “Why have I plotted wetland size on the horizontal axis of this graph – is wetland size important?”  It is easy to argue that wetland size is related to the amount of water entering the system – so the area variable on the horizontal axis can be interchanged with mean annual runoff. 
So, imagine that we have a wetland indicated by the large green symbol on the diagram, which exists in the domain below the threshold slope.  Current conditions suggest that it is unlikely to erode. Should conditions change, perhaps through urbanization in the catchment, which would increase mean anneal runoff, then the amount of water entering this wetland would be increased, and the wetland would move from the zone of stability to the zone of instability as indicated by the red arrow.  Erosion and collapse would be inevitable.  So, activities in catchments affect wetlands in profound ways.
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Presenter
Presentation Notes
To take this a step further, it is instructive to examine the role of natural climate variability and relate this to wetland dynamics. This diagram shows data from the Dome C Ice core that was collected from Antarctica by an international body of scientists.  It shows climate variation over the last 700 000 years.  
The data is plotted backwards from the present, such that the present climate is shown on the left of the diagram and the climate 700 000 years ago is shown on the right. 
Without going into any detail, the upper graph shows variation in Deuterium concentration in the ice that is directly related to temperature.  I have plotted results in a way to show variation in temperature such that a peak in this graph indicates high temperatures.  In contrast, the lower graph shows variation in rainfall as indicated by dust concentration in the ice core.  Once again this has been plotted in a way so that an increase in rainfall co-incides with a peak in the graph.
The data shows that there is a positive relationship between rainfall and temperature – where temperature is high, rainfall is high.  Throughout our climatic history over the last 700 000 years, warm periods have been wet while cool periods have been dry.  
These horizontal bars indicate those periods in our history when conditions were cool and dry – indicated in blue, and those periods when conditions were warm and moist – indicated in red.  Today we are in a remarkably warm and wet period that has existed for something like just 6500 years.  Prior to this temperatures were cool and rainfall was much lower than it is today, conditions that existed from about 6500 years ago to as far back as about 120 000 years ago.  The climate record shows that long periods of cool and dry conditions are interrupted by short periods of warm and wet conditions. My thoughts are that wetlands in southern Africa evolved to build their present slopes during this prolonged cool dry period when mean annual runoff was much lower than today.  The natural increase in water runoff associated with natural climate variability, has resulted in many wetlands crossing their slope thresholds and eroding.  
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What excites me about my work?

e Understanding underlying causes

e Being creative:
— Asking good questions
— Seeing detall but not getting lost Iin it
— Finding simple and elegant answers
— Integrating observations across scales
— Applying knowledge to solve problems

« Sharing ideas and knowledge with others


Presenter
Presentation Notes
A second narrative in this evenings lecture is about my journey as a scientist and the features of my work that excite me.  This will also be a recurring theme.
I started my career as an ecologist interested in plant and animal distribution in relation to environmental factors. However, as an ecologist I was always dissatisfied with the obvious cause-and-effect reasoning used, and felt I wanted to better understand the underlying causes of things.  This led me to strengthen what I did as an ecologist with a greater understanding of the earth sciences.  My second major as an undergraduate was Geology, so I was fortunate to have roots in the earth sciences.  
Contrary to views held by many, science is an incredibly creative process.  Good ideas come when I sit quietly and think through a problem of interest.  I often just ask the question “Why are things the way they are?” The excitement of finding an explanation for something that seems intractable is extremely gratifying and drives my curiosity about landscapes.
Good science is also about seeing the detail but not getting lost in it.  The reverse side of this coin is that often deep insight can be afforded by a very small amount of evidence.  We need to make observations and reflect on them with the bigger picture of the landscape in mind in order to make progress. 
Finding answers to troubling questions does not mean that answers need to be complicated – insights are often easy to understand if one grasps the key idea.  Our model of wetland erosion demonstrates this quite well – it is a simple concept that offers a powerful explanation for the range of situations that we see in our region.
Very often our thinking is at the scale at which we see things.  However, for me it is exciting to make connections across a range of temporal and spatial scales because things in nature are generally well connected and processes operate at different spatial and temporal scales.
I also enjoy applying knowledge to solve problems.  Our world is increasingly complex and we need to match this complexity with understanding that engages with underlying causes. Simple cause and effect relationships won’t solve many of the problems we face, but frankly, decision-makers often want quick and simple answers.
And finally, I love sharing ideas with others in a spirit of mutual curiosity about our world.  I hope this lecture raises your curiosity about landscapes. 
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Presenter
Presentation Notes
This slide illustrates Kate Rowntree and I looking at and talking about bedrock in the Baviaanskloof.  
The point I wish to make here is that the work I will talk about this evening is multidisciplinary, and while I have broadened my expertise by interacting with people in other disciplines, the work in which I have been involved has typically been done with others, and often in teams.  So a third narrative that will recur throughout the talk this evening will involve a description of collaboration.  Often my most important partners are postgraduate students, who take up ideas and pursue them in a collaborative way. Therefore, much of what I talk about this evening is not my own work, but has involved others. It is impossible to acknowledge everyone but I do hope to pay tribute to key partners.
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Presenter
Presentation Notes
This slide highlights some of the systems in which I have worked.  My experience spans a range of landscapes from those in the Kalahari to those on the coastal plain of Maputaland.  I spent a number of years studying South Africa’s Grassland Biome and working on the origin and dynamics of wetlands in the KZN Midlands.  More recently I worked on understanding why wetlands collapse and how they can be sustainably rehabilitated. Since moving to Rhodes just 5 years ago I have decided to devote my effort to local landscapes of the Eastern Cape, including the Karoo, the Baviaanskloof, the Oyster Bay headland bypass dunefield west of St Francis Bay, and pans on the African Erosion Surface near Grahamstown. 





Presenter
Presentation Notes
I want to talk about my work in the Okavango Delta where I have worked over a period of more than 20 years. In many respects this part of the story has a very special personal meaning – Karen and I did our Masters degrees there during the first years of our marriage.  We lived on this small and remote island for a year-and-a-half under canvas.  
Our Masters degrees were broadly interrelated – I examined the causes of channel blockage as channels in the Delta change course episodically, and a key question at the time was “why do channels block and change their course?”  Karen’s work examined vegetation succession in newly flooded areas as a consequence of flow diversion related to channel blockage.  
Our supervisors were Kevin Rogers and Brian Walker, and we acknowledge the faith that they had in us at that time.
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Presenter
Presentation Notes
Let us take a closer look at the Okavango Delta itself.  The Okavango River enters Botswana from the north-west at the town of Mohembo.  In its upper reaches it is confined in a fairly narrow valley in a region known as the Panhandle.  Downstream of the town of Seronga it divides into a number of distributary channels of which the major ones are the Thaoge River in the west, the Jao and Boro River system in the central region, and the Nqoga and Maunachira River system along the northern margin.
You will notice that the upper parts of the Delta are permanently flooded while the lower reaches are seasonally flooded.  
The town of Maun is on the margin of the Delta itself.
The Okavango has long been a feature of geographical interest.  In the 1850’s Karl Anderssen described a journey he made upstream along the Thaoge River from Lake Ngami.  He estimated that he travelled 150 miles upstream along this river system – well into the permanent swamps.  The channel was clear, deep and wide, and got progressively more forceful upstream.  Today, the Thaoge River flows no more than a quarter of its original length.
According to oral history, the failure of the Thaoge River was accompanied by an increase in flow along the Nqoga River on the northern margin of the Delta, such that in the early part of the 20th century, the Nqoga / Mboroga / Santantadibe River that flowed to the north of Chief's Island was the major supplier of water to the town of Maun.  Remarkably, in the 1930's, the lower Nqoga River failed just north of Chief's Island, and today the Maunachira is the major distributary of the Nqoga River.  
So, these are radical changes in flow over short periods of time and the question was - why do they happen? 
To illustrate the magnitude of these events, in the next slide I will show an aerial photo of the abandoned Nqoga River alongside one that illustrates what it was like when the channel flowed. 





Presenter
Presentation Notes
This is an aerial view of the lower Nqoga River taken about 15 years ago.  All that remains of what was a region of permanent swamp is a dry channel bed flanked by a dry and featureless plain.  Interestingly, in this photograph it is possible to see evidence of a small former hippo trail that would have led from the backswamp into the main channel.
Based on our understanding, this is a modern analogue illustrating what the former Nqoga River would have looked like just 80 years ago – a fairly minor channel flanked by permanent swamp, and even with a hippo trail connecting the main channel with the backswamp.  This pair of images illustrates the magnitude of these radical changes in flow over just a number of decades. 





Presenter
Presentation Notes
The dogma at the time that I started work in the Okavango was that the giant sedge Cyperus papyrus, was responsible for these dramatic changes in flow.  I was a budding plant ecologist and took on this work for my Master’s thesis.  On the right you can see that papyrus is a remarkably robust plant.  The idea was that its growth from the edge of the channel slowly strangled the channel.  Furthermore, pieces of papyrus continuously broke off from the channel margin and collected in the channel further downstream and blocked it. An example of a papyrus blockage can be seen in the active part of the Nqoga River in the photograph on the left.  These blockages were thought to grow over time and cause channel switching.
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Presenter
Presentation Notes
My Masters thesis showed that papyrus was not the cause of channel switching.  However, subsequent work involving myself, Karen, Terence McCarthy and Kevin Rogers showed that the deposition of sediment on the bed of primary channels, in combination with the formation of peat in the channel margins, led to the channels becoming increasingly elevated relative to the surrounding backswamp.  Over 50 years, channels aggraded by as much as 5 m, and this led to increasing water loss as the slope away from the channel increased.  Eventually the channel failed and water was diverted elsewhere.
So, channel switching was not about the noticeable papyrus blockages, but rather about the less obvious sedimentation and peat formation processes.
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Presenter
Presentation Notes
I wish to change our focus for the moment and talk about why the Okavango Delta is not saline.  This was a question that had not really been considered, but as Terence McCarthy and I thought about the water, sediment and salt balance of the Okavango, we realized that the fact that the Okavango was not saline needed to be explained.  Nearly 500 000 tonnes of solutes (salts) enter the Delta each year due to weathering of rock taking place in the catchment, and only 30 000 tonnes leaves the system as surface outflow.  This means that about 470 000 tonnes of salt accumulates in the Delta each year, but this is not reflected in the surface water in the ecosystem, which remains completely fresh.
This striking satellite image of the region shows the counterpoint of the freshwater Okavango Delta just upstream of the hypersaline Makgadikagdi Pans.  It is intriguing that despite being in the same catchment system with the same water source, a freshwater ecosystem sits right next to a hypersaline one.  





Presenter
Presentation Notes
To understand how the Okavango Delta manages its salt balance, we need to understand processes that happen on islands.  This is an aerial view of an island in the permanent swamps – the vegetation around the island is permanently flooded and rooted in peat.  
You will notice that there is a distinct zonation of vegetation on the island itself.  The island fringe is dominated by tall evergreen trees with their roots in the water table. This gives way laterally to deciduous woodland and the central area is rather barren and contains a depression with a pan.
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Presenter
Presentation Notes
This is a series of cross-sections across an island showing a number of features of interest.
First you will notice that islands have a rim of high lying ground around a central depression. 
Second you will notice that the water table beneath the island is at a lower elevation than in the surrounding swamp.  The slope on the water table from the edge to the center of the island means that water must flow from the swamp towards the center of the island.
Third you will notice that trees are confined to the edge of the island, as indicated on top of the diagram by the cover value for trees, which simply reflects tree abundance.
Fourth you will notice that sodium (shown by its symbol on the periodic table as Na) is concentrated at the soil surface at the center of the island.  
Fifth you will notice that calcium and magnesium concentrations are highest in the soil where the elevation of the land surface is greatest.
Finally, the groundwater electrical conductivity increases dramatically from the edge towards the center of the island.  Electrical conductivity is a measure of the concentration of dissolved salts, and this data suggests that if groundwater at the center of the island is derived ultimately from swamp water, one would have to take 1 000 liters of swamp water and evaporate it down to just 5.5 liters.  It suggests that large quantities of water are lost from the islands themselves.





Presenter
Presentation Notes
The presence of sodium is clearly evident at the soil surface in the centre of islands, where it accumulates at such high concentrations that it forms a white efflorescent crust.  At these concentrations it is toxic to all plant species except the salt-tolerant grass Sporobolus spicatus.
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Presenter
Presentation Notes
This illustrates our conceptual model of how islands in the Okavango work.  Islands have a rim of high lying ground surrounding a central depression and trees are found between the swamp and the rim of the elevated ground around the island.  The water table is at a lower elevation than in the surrounding swamp because trees pump large quantities of water from the water table into the atmosphere.  As trees transpire water, they exclude dissolved salts from uptake, causing an increase in groundwater electrical conductivity.  As the salt concentration of groundwater increases, calcium and magnesium precipitate from solution as carbonates, causing the soil to swell and leading to the creation of topographic relief.  This is the reason that the high calcium and magnesium concentrations in the soil co-incide with areas of high elevation. As far as we know our description of how transpiration leads to the creation of topographic relief was the first time this phenomenon had ever been described.  It is amazing to think that a process as benign as transpiration can create topographic relief because of the precipitation of solutes in the soil. 
As the electrical conductivity of groundwater increases to a point where it becomes toxic, trees in the center of the island with their roots in the water table are killed.  Once trees in the center of the island disappear, evaporation takes place from the soil surface and water is drawn to the surface by capillary rise. At this point sodium carbonate accumulates at the soil surface, killing most plants.
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Presenter
Presentation Notes
So I hope I have given you a sense of what happens on islands.  Once again, integrating this work into understanding the ecosystem makes it clear that islands are the kidneys of the Okavango Delta.  Toxic salts are focused into the center of islands where they are harmless to aquatic life in the wetland itself.  It is for this reason that in an environment where one would expect a saline aquatic ecosystem, surface water is remarkably fresh.
A further factor to consider is that channel switching allows renewal of poisoned soils.  An area such as this will dry out at some time in the future due to channel switching.  When this happens, because sodium carbonate is extremely soluble, it gets leached into deep groundwater by rainfall, and therefore poisoned island soils are renewed. When a dried area is eventually reflooded again even further in the future, island soils are completely regenerated and the cycle of salt accumulation on islands can begin again.  If it was not for channel switching, the toxic salts that accumulate on islands would expand beyond the island rim and gradually poison surface waters.  
So, I hope to have illustrated that in our work, asking interesting questions about landscapes has allowed us to develop deep understanding of why things are the way they are.  Our work has not only explained channel switching, but also the maintenance of a freshwater ecosystem where such a system should not exist.  
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Presenter
Presentation Notes
In concluding this section it is useful to ask the question “So what?”  While we have provided insights into the structure and functioning of this globally significant ecosystem, does this understanding have any relevance to its wise use and management?
The answers to these questions are the subject of another talk. Nevertheless, I will illustrate the value of this work with just one example.  
The Namibian Power Authority is planning the construction of a hydro-electric power scheme at Popa Falls in Namibia – illustrated in the photograph on the right of this slide.  This would require the construction of an impoundment.  Although this would have no impact on water supply, it would completely interrupt the supply of clastic sediment to the delta.  Remember that sedimentation is a key process in channel switching – deposition of sediment in channels leads to elevated channels and causes channel switching.  In the absence of switching, salinization would be inevitable because no renewal of saline soils on islands would take place.  This would destroy the ecosystem as we know it and people’s livelihoods in northern Botswana would forever be changed.  Furthermore, their access to fresh water would be compromised.  In the interests of maintaining this remarkable ecosystem and the livelihoods of local people, no impoundment should ever be built on the Okavango River.
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Presenter
Presentation Notes
I wish to spend the rest of my lecture talking about work in which I am presently involved, because coming to Rhodes has meant I have reinvented myself to some extent to be involved in research of local interest and relevance.  A question that interested me from a very early stage relates to why destructive floods and debris flows occur to the east of the Oyster Bay HBD and cause damage to infrastructure and private property in St Francis Bay. 
The OBHBD is a mobile dunefield that extends from Oyster Bay in the west to St Francis Bay in the east – a distance of about 18 km.  
The R330 is the main road connecting Humansdorp in the north with St Francis Bay and Cape St Francis in the south.  In travelling to St Francis Bay one crosses the Krom River, which has its catchment in the Langeberg a long way away to the north west.  Shortly after crossing the Krom one crosses the Sand River, which one hardly notices because it is a very small river that typically has very low or no flow.  The Sand River is the only river to drain the dunefield, and it has a very small catchment of about 5 km long and 2 km wide.  It enters the Krom River just west of the marina development in St Francis Bay.
Note that the planned Thyspunt nuclear power plant is located on the coast between Oyster Bay and St Francis Bay.  The plan is to use the R330 as the primary access route to Thyspunt, and to construct a road from the R330 to the power plant across vegetated dunes. 
A little later I will show 2 sets of photographs of floods that have happened in St Francis Bay.  The first happened in November 2007 well south of the Sand River and caused damage that cost the local authority over R 20 million to repair.  
I will also talk about floods along the Sand River in July and August 2011, which washed away the bridge across the R 330. 
So, what are HBD’s and how do they work?  There needs to be a prominent erosion-resistant headland that projects into the ocean.  Longshore drift delivers sediment along the coastline and strong prevailing wind delivers sediment onto the beach – in this case Oyster Bay.  Sediment is moved across the headland and into the downwind bay (St Francis Bay).  The HBD is important in conveying sediment and thus nourishing the downwind bay with sediment.
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Presenter
Presentation Notes
This is an aerial view of the OBHBD looking towards the west – you can see Oyster Bay in the background of this photograph.  I have oriented the wind rose on the left of the slide in a way that shows the prevailing wind in the same orientation.  The prevailing wind is from the west and it delivers sediment across the HBD.  
Existing knowledge of the dunefield suggests that the system is structured entirely by wind, with sediments moving as transverse dunes slowly across the system.  Jennifer Burkinshaw and Werner Illenberger have been at the forefront of generating this understanding, and their work has been scientifically outstanding. 
Because the structure and dynamics of the dunefield are controlled by interaction of wind and sand, it is viewed as a fairly benign system that changes in slow and predictable ways.  The impression one has is that the dunefield is a sleeping gentle giant.  
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Presenter
Presentation Notes
However, occasionally the gentle giant awakens.  This photograph taken in November 2007, is of the R330 looking northwards.  The flood washed away part of the road west of St Francis Bay.  This flood had its origins, not in a river, but it arose entirely from the dunefield west of the R330 (to the left of the photo).  
You will see a bakkie in the gully created by the erosion of sediment during this flood.  I wonder if the driver of this bakkie agrees that this system is structured by wind and sand alone.



The work of water Is clear
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Presentation Notes
This is some of the damage caused by the 2007 flood.  Large quantities of sediment were deposited in the village of St Francis Bay giving rise to widespread damage.  
Speculation was that this event was the result of human activity – particularly the failure of a small dam on the St Francis Links Golf Course.  
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Presenter
Presentation Notes
I am now going on to talk about a separate flood event linked to the Sand River, which took place in July 2011,  These pictures of the Sand River show what it is like most of the time – a small river with little or no water and very limited sediment flux.  



Occasionally the Sand River
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Presenter
Presentation Notes
However, occasionally even the Sand River awakens and experiences massive floods.  The flood that washed away the bridge across the R330 took place early in July 2011.  St Francis Bay was isolated from the outside world for several days before a makeshift bridge was built across the Sand River.
Once again, human activities were thought to be the cause and fingers were again pointed at the Links Golf Course.  However, having spent 10 days in the field following this event, it is clear that it was a result of natural processes.
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Presenter
Presentation Notes
This slide is an aerial view of the point where the Sand River enters the Krom River, and it illustrates the magnitude of the flood event in July 2011.  The Sand River flows from the left of this image into the Krom River.
Shown here is a sedimentary feature that resulted from the flood of July 2011.  Based on topographic surveying and coring, we determined that a total of about 100 000 tonnes of sediment was deposited in this feature over the period of a few days.  By way of comparison, the total amount of clastic sediment that enters the Okavango Delta each year amounts to 200 000 tonnes, but the Okavango Delta has a catchment of about a half a million square kilometres.  The insignificant Sand River transported in just a few days about a half of what the Okavango River moves into the delta each year.  When the Sand River floods it punches way above its weight.  
The question we asked was: “How does a tiny catchment like that of the Sand River, in such a flat and benign landscape, produce flood events in which such massive volumes of sediment are moved and deposited?” 
The data from post graduate theses by Lauren Elkington and Daniel Schroeder, both of whom were co-supervised by Gillian MacGregor, have helped us answer this question.  The next few slides summarise some of the data, and show that the western and eastern sections of the dunefield are very different in their structure and function.  



Dunefield structure
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Presentation Notes
These two images of the western and eastern zones of the dunefield are informative.  You can see that in the western zone, transverse dunes are spaced close together and surface water occurs as isolated pools.  Our data shows that these pools are moved eastwards as the dunes move eastwards. The impression that one gets from our work is that the dunes in the western zone are moved by wind and the water bodies are hydrologically segmented by the tall dunes. 
However, in the eastern zone, the transverse dunes are not as closely packed and interdune areas have permanent wetlands.  Surface water is not segmented by the dunes – it connects across successive dunes and can be seen to be doing work through sediment movement and deposition. In the eastern zone, the hydrological system is far better integrated than in the western zone. 
This suggestion that wind is important in the western zone and water is important in the eastern zone of the dunefield is supported by other sets of data.
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The first set of data shows the overall longitudinal morphology of the dunefield running from west to east.  Ignoring microtopography associated with individual dunes, the dunefield slopes gently upwards from the west to the crest of the dunefield, with a slope of about 0.5 % - a very gentle slope indeed.  The crest is relatively flat but the average slope of the eastern zone, at 1.1%, is much steeper than in the western zone.  
The second set of data shows individual cross-sections across the dunefield for the western, central and eastern zones of the dunefield.  The arrows above each cross-section show the width of the active dunefield at that location.  In the western zone, topographic features confine sediment movement to a relatively narrow region.  At the crest of the dunefield in the central zone, wind is not confined by local topographic features as the elevation of the dunefield is similar to the adjacent land surface. In the eastern zone, the active dunefield breaks up into narrow corridors, once again in a valley.  
This data suggests that wind blowing from the west, because of a measure of topographic confinement, has a high capacity to transport sediment.  As wind reaches the crest of the dunefield, the loss of confinement of wind causes it to blow out across the landscape and disperse sediment widely across it.  For this reason the dunefield is widest in the central zone.  In the eastern zone, wind fails to re-enter the valley with the same force as in the western and central zones, and sediment transport capacity declines further.
The amount of sediment transported annually by wind is illustrated by data on aeolian sediment flux.  In the western zone it is in the region of 11 000 tonnes per annum, in the central zone it declines to approximately 7 000 tonnes per annum, and in the eastern zone it drops further to 5 500 tonnes per annum.  
Two important points emerge from the data in this table.   Firstly, the data confirms the idea that wind is the most important agent of sediment flux in the western and central zones. Secondly, the lack of continuity of sediment transport across the dunefield suggests that sediment is accumulating in the dunefield and creating topographic relief in the vicinity of the central zone.  This results in the steepening of the slope of the dunefield towards the east.  This makes it inevitable that water takes over the role of sediment movement in the eastern zone.
However, even in recognising this steepened slope and the role of water in the eastern dunefield, I still did not believe this was sufficient to trigger the catastrophic events being experienced at St Francis Bay.  The final piece of the puzzle was put in place when I discovered debris flow deposits in the eastern zone of the dunefield. 
Debris flows are events involving the movement of enormous amounts of sediment in a very short space of time – somewhat similar to landslides.  Just to give you a sense of what a debris flow is like, the next slide depicts a debris flow in a tributary of the Colorado River in the USA.  
To view this footage online, simply type “debris flow Clear Creek County” on any internet search engine.



debris flow

Clear Creek County,
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Debris flows involve the movement of massive quantities of sediment in a liquified form, with water and fine sediment simply acting as a lubricant.  This is not how sediment is normally transported by water. The size of material transported in this Creek is everything from clay to large boulders. 
This footage gives you a sense of the hazardous nature of these mass movements – everything in the path of a debris flow is either smashed or entrained as a part of the mass of material being moved.
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It is hard to see debris flows in action as they seldom happen, and when they do, they are over in minutes.  However, they leave behind deposits that are very distinctive and different from regular flood deposits.  Here is one such deposit in the Sand River 
Here, 2 former postgraduate students who worked with me, are examining a debris flow deposit in the vicinity of the Sand River.  
The deposit is the grey layer of sediment about 1.5 m thick above the pale, yellow-red, alluvial deposit in which Michael and Suzanne are standing.  The deposit is well cemented and represents an ancient feature present in the sedimentary record.  It suggests that floods of the kind I have been talking about, have been happening for a long time.  
This close up view of a debris flow deposit in the Sand River valley illustrates the important features of these kinds of deposits.  Because debris flows are very destructive events, anything that can be moved gets caught up, moved and deposited. For this reason these deposits have remarkably variable particle sizes and stratification or layering is absent.  
These massive movements of sediment by the Sand River in 2011, and in the sedimentary record, can only be explained if water is a key factor in the eastern part of the dunefield.  These ideas are summarized in the following diagrammatic slide.
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The OBHBD can be represented as an asymmetric wedge of sand and water over a distance of about 20 km, with a slope in an upwind direction of 0.5 % and a slope in a downwind direction of 1.1%.  This is a finely tuned landscape, and when water is gently added, the lower slope, large dunes and poorly integrated hydrological system in the west mean that this part of the landscape holds together.  The steeper slope, smaller dunes and more integrated hydrological system mean that the eastern part of the dunefield is unstable.  The critical threshold slope on the groundwater surface in the eastern zone is exceeded as water is added, and the system collapses episodically, resulting in floods and/or debris flows.  This brings me full circle to the idea of thresholds and threshold slopes.  
Once again, an understanding of the landscape has been possible through observations at a range of scales. In the OBHBD we have shown that water and debris flows are major agents of sediment movement in the landscape, and these result in episodic and unpredictable floods.  The combination of these factors is hazardous, and local and regional planning need to consider these issues, including proponents of the planned nuclear power plant.
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I have given you a sense of the kinds of things I have done in my career thus far – it has been a wonderfully satisfying journey.  I have 10 years left as an academic at Rhodes – and I have exciting plans for the future that I would like to spend a few minutes talking about.  Based on work being done by an international group of scientists, it is clear that human culture evolved earliest in the history of our species along our southern Cape coastline.  The thinking is that this happened because of the abundant marine shellfish resources along the coastline that provided protein, together with a remarkably diverse fynbos flora with underground storage organs, which provided an abundant supply of carbohydrate.  This reliable and adequate supply of food gave people spare time to adorn themselves and their domestic implements, and to evolve cultural characteristics. 



Full Glacial
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The challenge is to explain how these people survived Ice Ages when sea level retreated by as much as 90 km across the Agulhas Plain.  A postdoctoral I hope to attract to Rhodes plans to work with me on this project because wetlands that developed on the coastal plain when sea level retreated are regarded as being key in explaining the persistence of these people in an environment where the combination of protein and starch were not in close proximity.  This may be my most exciting project yet!
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I hope I have given you a sense of how science is used to unravel secrets written in the landscape, of my own growth as a scientist over many years, and of people I have worked with during my career.  
A talk of this kind that reflects my passage as a person is not possible without the support of many people.  I wish to start by thanking the organisers of this evening’s celebration, particularly the Vice Chancellor, Dr Badat, and his team.  Colleagues present and absent are too many to mention, but many people have influenced what I do and how I do it.  
Our move to Grahamstown as a family has been richly rewarding, and local people have warmly embraced us and made us feel at home – thank you one and all or your warmth and hospitality!  
And last but not least I want to pay a very special tribute to my family for their enduring support for what I do.  Steven and Miles have been on many field trips with me and often worked under arduous conditions. While they have not always jumped at opportunities to do field work, we have always had great times together in the field.  And lastly, but not least, Karen has been a pillar of support in my ventures.  She has made many sacrifices and supported me at personal cost.  Karen assists at every turn and has helped me, for example, prepare for this evenings lecture. Thank you Karen for years and years of support – together with our lads you have greatly enriched my life.
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