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Presentation Notes
Hi everyone, thanks for coming to our session. Special thanks to Paul Reyerson for organizing. I would also like to recognize my co-author Fadiala Dembele from Mali. I was not planning to attend the AAG this year due to funding cuts and no money for travel to conferences, but when I saw this call, I had to respond. I am not a geomorphologist by training and I know too little about soil. Indeed, most of what I know about soils comes from people like Kone, the farmer in this photograph who served as my research assistant. I am a nature-society geographer who has strayed into biogeography, but my latest research findings indicate that I am going to need to learn more about soil and soil processes so that brings me here. As you can see from my title, I am seeking to merge human and biophysical processes to explain savanna dynamics in Africa. 



The Savanna Conundrum 

Presenter
Presentation Notes
Savanna environments, for those who are not familiar, are unique among the world’s major biomes in that a defining feature of a savanna is the co-dominance of trees and grasses in a single landscape. Tree-grass co-dominance has intrigued ecologists and biogeographers for decades and has been the source of a lively debate. Elucidating the mechanisms that promote co-dominance and especially the factors that determine the density of tree cover in savannas has so perplexed biogeographers and ecologists that this problem is often referred to as the savanna “conundrum.” The precise ratio of trees to grasses can vary enormously as you see in this slide. I should note that the scenes in these slides are all taken within a few miles of each other in southern Mali. In addition to the basic scientific questions about how trees and grasses coexist, understanding the causes of the tree/grass ratio is important for human livelihoods as well as for carbon sequestration. Increased tree cover can create a carbon sink and provide a valuable source of timber and fuelwood, while increased grass cover is favored by pastoral based economies.



Savanna Determinants:  
Top down or Bottom up? 

  Fire + herbivory and other disturbances 

Soil moisture nutrients and texture 

Presenter
Presentation Notes
Explanations for the existence of savannas have been vigorously debated by generations of ecologists and biogeographers whose views are generally polarized into supporters of competing perspectives. Ecologists tend to draw the dividing line between two causal approaches, bottom-up approaches that focus on differences in water, soil and nutrients or top-down approaches that focus on disturbances such as fire and herbivory as the key factors governing savanna ecosystems. 



Savanna Determinants: anthropogenic or 
natural? 

  Fire + herbivory and other disturbances 

Soil moisture nutrients and texture 

Anthropogenic 

Natural 

Photo by Cullen Strawn 

Presenter
Presentation Notes
Still others have framed the debate in terms of a nature/society dichotomy. Here again it is in the form of a bottom-up—water and soil vs. top-down—fire and other human disturbances dichotomy.  



Tree-Grass Equilibrium 

Source: Walter 1987 

Trees tap lower water table 

Grasses tap upper water table 

Resource partitioning 

Presenter
Presentation Notes
Methodologically these two perspectives have also tended to take different approaches with the bottom-up approach focusing on understanding the competition and/or resource partitioning between the two life forms. 



Tree-Grass Equilibrium 

Source: Walter 1987 

Trees tap lower water table 

Grasses tap upper water table 

Resource partitioning 

Juvenile Trees?  

Presenter
Presentation Notes
Methodologically these two perspectives have also tended to take different approaches with the bottom-up approach focusing on understanding the competition and/or resource partitioning between the two life forms. 



Impact of soil type on savannas 

Presenter
Presentation Notes
These models also recognize soil properties as an important mediating factor, but one that remained constant at least over the short and medium term. Note that for the same rainfall level, sandy soils generally supported more tree cover than clayey soils. 



Gullivers are small trees trapped by a 
perpetual cycle of fire 

Gullivers 

Could I get 
a little 

help here! 

Presenter
Presentation Notes
Most recent savanna models tend to take a top-down approach and assume that trees and grasses do not coexist under stable conditions and that frequent disturbances prevent the extinction of either competitor, or temporarily bias conditions in favour of one or the other.  Advocates of this perspective have focused their attention on tree life histories, spatio-temporal disturbance patterns and events or mechanisms that release demographic “bottlenecks” and allow trees to escape and colonize the landscape. I will return to this in a moment. One such model is based on the Gulliver syndrome, a demographic bottleneck. According to the Gulliver syndrome, tree sprouts are perpetually burned back and prevented from maturing. This process creates a bottleneck that maintains the savanna in an open state dominated by grasses with scattered trees. EXPLAIN : Following a fire, trees rapidly produce new shoots, but the shoots cannot grow tall enough to escape the flames of the next fire. Many die, while others are burnt back to the ground and resprout again (GROUND-HOG DAY)!In particular, hot late dry season fires scorch tree sprouts trapping them as juveniles.. So how did the bigger trees get there?



3 Ecological 
Paths for 

Escaping Fire 
 

1 Anthropogenic 
Path  

 

1)  3-5 consecutive fire free years 
2)  Years of unusually high rainfall 
3) Termite activity (breaks-up soil) 
4) Hoe Farming (Anthropogenic) 
 

Presenter
Presentation Notes
As the name, Gulliver suggests, trees may be trapped for long periods of time but may eventually escape the flames and grew into GIANTS.  Thus, life history events are critical to tree establishment, escape and maturity.Ecologists commonly refer to 3 possible pathways of escape: 3-5 consecutive fire free years Years of unusually high rainfall Termite activity, surprising??? Termite activity breaks-up soilToday I present evidence of a 4th and anthropogenic pathway caused by hoe farming.



Traditional Hoe Farming in Mali 
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Presentation Notes
The most common practice of farming in Mali and much of west Africa involves the simple hand-held hoe or dabaWhile people typically think that clearing a new field for agriculture involves cutting and burning trees, the first task often involves “pulling” the grasses which on long fallow are primarily deep rooted bunch grasses. As you can see from these photos, there is much bare soil around each grass tuft. Note also that the area has been previously burned and yet the grasses are resprouting in plain dry season. These grasses grow quickly following the first rains to over 2 meters in height.



Pulling grasses, breaking soil crust 

Presenter
Presentation Notes
Also, there appears to be a “crust” on the soil surface which makes it very hard to break up which is necessary to kill the grasses. I had to do this myself to understand just how HARD! Note also, on this never-farmed plot, there are relatively few trees. In my talk today, I am going to focus a bit on the connections between this soil crust, the bunch grasses, tree establishment and key disturbances of fire and rotational agriculture. 



Key Research Questions 

• What is the impact of farming and 
abandonment on the tree/grass ratio in a 
frequently burned landscape? 

• What impact does farming and fallowing have on 
tree establishment (sprouters vs seeders)? 

• What impact does fire regime have on tree 
establishment (sprouters vs seeders)?  

•  What impacts do farming, grazing and fire have 
on soil compaction and how is this related to tree 
establishment and maturation? 
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Presentation Notes
The goal of this research is to determine the impact of rotational agriculture (farming and fallowing) on the tree/grass ratio by examining the factors that influence tree/grass competition along different points of the life cycle when effected by different disturbances including farming, grazing and frequent fire. READ QsMany savanna trees can propagate by both seed and shoots or resprouting. This study will examine the influence of soil disturbance on tree establishment in the context of frequent fire (I will also present some results on grazing, not my focus today). To explore the specific importance of soil crusting and compaction, the study looks at two soil types, clayey soils and sandy clay soils. 



Research Design 
1. 4 year Field Experiment (Dembele) 
a) Fallowed agricultural fields on 2 soil types 
b) Control for fire regime and grazing 
c) Tree measurements and counts (mode of 

establishment) 
d) Measure soil compaction and infiltration  
2.20+ year Natural Experiment (Laris) 
a) Paired sites of previously farmed and abandoned plots 

(20+ years) adjacent to unfarmed (control) plots. 
b) Data on fire regimes for the study area (frequency, 

timing, and vegetation cover) 
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To determine impact of farming and abandonment on the tree/grass ratio in a frequently burned landscape my colleague, Fadiala Dembele and I combined two study designs. The first is a field study involving monitoring abandoned agricultural plots and the second is a natural experiment based on comparing tree and grass cover on farmed and unfarmed plots. I have previously presented findings on the latter and will focus on the former today.   A field experiment involves manipulating the study area and controlling for certain variables. In this case, abandoned agricultural plots were located on two types of soil, clayey and sandy-clay. Tree recovery was monitored on the sites which were subjected to different disturbance regimes involving fire and grazing. This study, conducted over a 4 year period, was designed to determine the relative impacts of different disturbances over the short term and focuses on the early phases of the tree life history. It also measured soil compaction.A natural experiment is one in which the researcher does not manipulate variables and instead strives to locate“naturally” occurring differences in initial conditions, perturbation, or processes. I located numerous sites in southern Mali where plots of long fallow (20+ years) were located adjacent to never farmed plots. I also reconstructed fire history for the area using a long series of satellite images which show that the fire regime is relatively early and very consistent between years in this region.  



 Study Areas for Tree Sampling 
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Presentation Notes
The two study sites used are located on opposite sides of the Manden Plateau in the Koulikoro region of southern Mali. The sites represent two extremes of land use pressures in the Soudan savanna zone.  Missira is the location of the field studis located about 200 km northwest of Bamako just out of view in this map. Missira was selected as a study site due to the high agricultural and grazing pressures in this area. Two village areas were selected for the natural experiments. Dogoro and Komana Kuta are located in the Siby district about 60 kilometers and 100 kilometers west of the capital Bamako respectively. Dogoro and Komana Kuta were selected because agricultural pressures are low and there are large areas of unfarmed fertile lands allowing for a comparison of farmed and unfarmed plots. All areas are classified as Soudan Savanna and fire is known to be a regular annual event throughout the region. The two areas were selected because in spite of differences in land use intensity, the predominant form of agriculture was similar at each location. At the time of the study, farming in these areas was done primarily with a hand-held hoe or daba. Land clearance did not involve de-stumping which is necessary for animal traction. Instead, prior to farming, trees were cut approximately 50cm above ground and trunks were left standing. This practice is thought to result in a more rapid recolonization of the site by woody vegetation following abandonment because many savanna tree species recover through coppice rather than seed. 



Small-Scale Rotational Agriculture 

Small-Scale Farming 

Fallow Fire 
Post-Fire 
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Just to give some quick background to the study area. The rainy season is from June through October and thus the fire season runs from November through April. The dominant land use in this zone is small-scale rotational agriculture. In the typical scenario people clear a patch of savanna, burn it, farm it for several years and then abandon it to fallow for 5-10-20 or more years. There are also more intensively farmed areas with shorter fallows, usually close to larger villages. Historically most farming is done with a hand held hoe although the ox-plow has become more common recently. Although farming is the predominant land use, economically, the savanna is used for a multitude of purposes including grazing of livestock, gathering non-farm products such as oil seeds and wood products. 



Field Experiment: Plots 

Dembele 

Three fire 
treatments: 

  
T1  No Fire 

T2  Early Fire (Cool) 
T3 Late Fire (Hot) 

 
Plot dimensions: 

 
30m x 20m 

 
4 year study 

Grazed  
 

OR  
 

Not 
Grazed 

 
Sandy  

 
OR  

 
Clayey  
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For the field experiments plots on both sandy-clay and clay soils were given 3 different fire treatments (early-late and no fire). Fire is known to be a key determinate of tree to grass ratio by favoring grasses, with the later fires burning hotter and favoring grasses more than the early.  Plots were also divided into grazed and ungrazed plots. 



Influence of fire and grazing on the total density 
of woody vegetation on young fallow (Clay soils)  

Dembele 
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The results indicate that the fire regime (whether, no fire, early fire, or late fire) has both quantitative and qualitative impacts on the woody stratum including the shape of the trees, the total density of woody plants, the structure (height and girth) and the mortality rate.  This figure shows the results for total tree regeneration for the three fire treatments for both the grazed and ungrazed plots on clay soils. Note that ungrazed plots have higher regeneration rates and that late fires produce the most new trees or stems over time. As noted earlier, the main impact of fire is thought to be directly ecological in that it hinders tree growth.



Influence of fire and grazing on the total density of 
woody vegetation on young fallow (Sandy soils)  

Dembele 
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The impacts of the disturbances were less on sandy soil. Only after the first year do we see a difference between late and no fire. And grazing impacts are not consistent.



Influence of fire and grazing on the total density 
of resprouting woody vegetation (Clay soils)  

Dembele 
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Presentation Notes
This Figure gives the values for the regeneration by sprouting. In all cases the ungrazed plots had higher regeneration rates of tree stems for all fire treatments and in all cases late fires had the highest rates of regeneration by sprouting and no fire, the lowest. Results varied by soil type. 



Influence of fire and grazing on the total density 
of woody vegetation from seed 
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Regeneration by seed was lowest on the late burned clay soils and highest on the unburned plots. Seedlings declined on all plots after year 2 suggesting there is a very short window for seedlings to establish on clay soils.



% Trees with Circumference > 15cm 
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Trees with a circumference greater than 15 cm (thus non-gullivers) tended to be highest on the unburned plots after 4 years and lowest on the late burned for clay soils. This finding is not at all surprising since most studies find that late burning is most damaging to small trees and tends to maintain them as Gullivers.



Influence of fire 
and grazing on 

soil compaction 
(clay soils) 

 
Grazing and late fire 

cause greatest 
compaction 

Dembele 
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The study also found that soil compaction was highest on the late burned plot and lowest on the unburned. Grazing also increased compaction. Note we can’t compare compaction across years since the test was done following a major rain event which varied between years.



Infiltration rates after 4 years as 
function of fire and grazing 
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Presentation Notes
Infiltration rates were done for year 4 of the study and clearly show that late fires have the slowest rate of infiltration for clay soils, whereas there was little difference on sandy soils. Grazing also impacted infiltration rates as expected but the impact was not as great as fire especially on sand. 



Key Findings of  of Field Study 
• There was a relatively high rate of tree generation on 

all plots but,  
• Burned plots had higher rates of re-sprouting 
• Unburned plots had the highest # of seedlings 
• All sites had high numbers of Gullivers with late 

burned and ungrazed having the most. 
• Soil compaction was highest and infiltration the 

lowest on late burned and grazed plots but this 
result applies primarily to clay soils.  

• Late fires result in high gulliver rate on clay soils, 
regeneration is primarily by re-sprouting 

Presenter
Presentation Notes
Read results and add:It appears that late fires and grazing create the soil crust that decreases infiltration rates and increases compaction. I suspect this is a key reason why the number of seedlings drops off after year 2 on the clay sites but not the sandy ones.



Methodological Trick #1 
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Recently 
abandoned plot 

Unfarmed plot 



Methodological Trick #2:  
fast forward 20-50-100 years 

15 year fallow 

Agricultural Field 
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Note the high tree density on the 15 year fallow in the background that was burned. Note also the new shoots and seedlings in the foreground on a agricultural field that remains unburned.



Natural Experiment Plot Lines  
Un-farmed (kandan koro) plot Long fallow plot 

20m dia 
20 m 

Dividing line determined by land holder 
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Now briefly turn to the natural experiment. My objective for this part of the study was to locate adjacent plots of fallow and unfarmed land to compare tree cover on side by side plots. The line dividing the two plots was determined by a villager who had witnessed the farming of the plots and/or who had inherited the land.  Because farming is a key factor determining land ownership, my confidence is quite high that the dividing line was correctly located.We collected data on tree cover. We identified all trees by species using local Manninka names, measured height, and girth (for the large trees), we noted the type of grass cover, soil type and speculated on the timing of the most recent burn. All plots burned at the time of our study in early March and early June and my satellite analysis indicates that burning is done relatively early in Late December/Early January on fallow plots but somewhat later on mature savanna plots.I now have over 35 transects to support my findings. 



Data from All Sites Combined 

Fallow 34% gullivers Unfarmed 53% gullivers 

All Study Plots 
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The data from the natural experiment confirm the existence of a high number of gullivers (trapped trees) on all savanna plots. It is interesting to note, however, that there are a greater number of gullivers on the unfarmed plots than the farmed plots and a greater percentage of trees on unfarmed plots are stuck in the gulliver bottleneck.  While the number of trees—and especially large, mature, tall trees, are far more numerous on the long fallow plots. We can conclude that more of the young tree sprouts and shoots escape fire on the farmed plots than the unfarmed ones. The farmed plots also had higher diversity, which suggests that a greater variety of tree seedlings are establishing on farmed plots. 



Sample Dogoro Plots 

Farmed plot(30 years) Unfarmed plot 
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The difference between farmed and unfarmed is quite striking. The farmed plot has a near closed canopy, larger and straighter trees with few gullivers. The unfarmed plot has a few large trees and numerous gullivers in the foreground. 



Key findings of natural experiment 
 

1. The Gulliver syndrome affects trees 
on most sites, but especially 
unfarmed ones.  

2. Farmed plots have taller , thicker 
and more numerous trees and 
greater species diversity than 
unfarmed plots. 

3. There is strong evidence that 
farming provides trees an 
anthropocentric escape 
mechanism. 

 
 Background was farmed, 

foreground remains unfarmed. 
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Presentation Notes
In summary, this part of the natural experiment finds that people’s long-term and rotational farming and burning practices tend to facilitate tree establishment and growth in savannas…not what Aubreville suggested.According to my interviews: The practice of Hoe farming acts to increase tree establishment in 2 ways: cutting stems and roots encourages new shoots and hoeing loosens the soil, breaks the crust allowing water to infiltrate and encouraging tree seedlings to establish. Because farmers do not “pull” out young tree seedlings but rather cut them at the base, small trees continue to grow and develop root-systems during the 4 or 5 years a plot is farmed at which point they are ready to escape! The field study also suggests that soil compaction increases and permeability decreases following abandonment and that this is intensified by fire (especially late fire) and by grazing). Trees (especially seedlings) do not establish well on more compact soils.I should also note that my research finds that fallow lands are burned earlier than unfarmed or mature savanna in part because fallow lands are colonized by shorter annual grasses which people burn off early in the dry season. 



Impact of soil texture on tree cover depends on 
anthropogenic disturbance regime 

Influence of late fire 
Influence of hoe farming 

Humanized savanna ecology model 
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Presentation Notes
As I mentioned, soil properties have been recognized as an important variable, but our results show that relationships change with the disturbance regime. In particular, hoe farming results in an increase in tree cover on clay soils (termites would also).  This is what I would call humanizing savanna ecology



Shea nut tree parkland 
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Presentation Notes
Shea nut trees have been propagated across Africa. These trees are not planted, but are send to be protected on fallow lands. Shea nut trees are propagated by seed and farmers over centuries have selected for specific fruit characteristics such as high oil content. Hoe farming creates the mechanism whereby the trees can establish.  



Overall Conclusions 
• Trees on unfarmed savanna are trapped in the Gulliver 

syndrome. Soils are compacted and infiltration rates are low, 
this and a regime of late fire, gives grasses a distinct 
competitive advantage over new trees especially seedlings. 

• Farming provides an escape route for Gullivers  especially on 
clayey soils by breaking the soil crust and increasing infiltration 
rates, allowing seedlings establish on farmed soils. Juveniles are 
protected from severe fires for several years after 
abandonment due to natural succession and local early burning 
practices. 

• Burning and grazing compact clay soils and slow infiltration 
rates after field abandonment.  

• Farmed sites are key recruitment locales for important tree 
species such as the Shea Nut tree since seedlings establish 
best on loosened soils that are given some fire protection. 

Presenter
Presentation Notes
Discuss important tree types such as shea nut and my findings. For example I found that shea nut trees juveniles increase by about double) each time a plot is farmed and fallowed. The tree nut crop is one of the most important economic crops for women in the entire region of southern Mali. The conversion to the practice of ox plows and herbicide use as opposed to hand held hoes may result in a loss of these key tree species over time.



Thanks to all of those people in Mali who 
made the research possible 

plaris@csulb.edu 
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Thanks you for listening today. Many people have worked to make this research possible over the years providing support in a wide variety of ways.  Thanks also to Fadiala Dembele for his collaboration. I owe them each a big thank you for 20 years of support.





NOV 2006-APR 2007 
  

Presenter
Presentation Notes
As you can see a large portion of the landscape burns and the majority of fires are set early in the dry season (that is in time for the December 31st cut off date). Early fires burn the landscape in quite fragmented patterns in part because only those patches of grass that are dry enough will burn. 



Results from the Dogoro Site 

Note the greater number of tall trees on farmed plots and greater number of 
gullivers on the unfarmed plots. (“n” is the number of quadrats for each plot.) 

Presenter
Presentation Notes
Results from the Dogoro site are quite representative of the findings. Note the greater number of tall trees on farmed plots and greater number of gullivers on the unfarmed plots. (“n” is the number of quadrats for each plot.)
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