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African mountain ecosystems under global change:  Linking biodiversity, 
biotic interactions and biogeochemical ecosystem processes. 

 

Theme 1: Kilimanjaro ecosystems under global change: Linking biodiversity, biotic interactions 
and biogeochemical ecosystem processes. 
 
Key Note presentation:  Kilimanjaro ecosystems under global change  
Dr A. Hemp, Bayreuth University, Germany. andreas.hemp@uni-bayreuth.de 
 
Abstract: Changing weather conditions, large-scale habitat conversion, agricultural intensification and rapid human 
population growth have reached a critical stage at Kilimanjaro. Decreasing precipitation is the main driver for increasing 
forest fires in combination with illegal logging activities affecting e.g. fog water collecting capacity and with this, the  
water balance of the whole mountain. This endangers its function as water tower for northern Tanzania, on which nearly 
10 million people depend on. The Amboseli National Park on Kilimanjaro’s northern foothills has experienced sweeping 
climate and habitat changes. This has caused an increasing migration of elephants from the Amboseli ecosystem into the 
forests of Kilimanjaro with negative consequences for forest cover. In contrast to the alpine flora, which migrates 
downslope due to climate change impacts on Kilimanjaro, savanna grasshoppers are spreading from lower elevations to 
the submontane, montane and even afroalpine zone due anthropogenic opening of the closed forest and a warmer 
microclimate. Natural savanna vegetation is increasingly converted into cultivated fields. As a result Kilimanjaro is 
becoming an island surrounded nearly entirely by cultivation. In the past, a corridor of sub-montane forest vegetation 
linking Kilimanjaro with Mount Meru facilitated the dispersal of forest animals. Today such movement has been 
curtailed.  
 
Kilimanjaro’s ecosystems will be subject to significant further climate changes, enhancing the above threats. However, 

this direct impact of land use change and intensification on 
biodiversity, ecosystem functioning and livelihood can be 
assumed to be even stronger than future effects of climate 
change.  
 
(Photo credit: Mt Kilimanjaro cloud forest. Claudia and 
Andreas Hemp). 



 
Biodiversity and ecosystems processes on Mt. Kilimanjaro under global change: the KiLi 
project.  
Prof E. Böhning-Gaese, Senckenberg Biodiversity and Climate Research Centre (katrin.boehning-
gaese@senckenberg.de). Co-authors: Andreas Hemp, University of Bayreuth; Markus Fischer, University of 
Bern and Senckenberg Biodiversity and Climate Research Centre;  Ralf Kiese, Karlsruhe Institute of 
Technology; Thomas Nauss, Philipps-University Marburg;  Ingolf Steffan-Dewenter, University of Würzburg; 
Simon Mduma, TAWIRI, Victor Kakengi, TAWIRI, Julius Keyyu, Tawiri, Betrita Loibooki, KINAPA. 
 
Abstract: Biodiversity and supportive ecosystem processes maintained by tropical mountain ecosystems are 
threatened by the combined impacts of global warming and the conversion of natural to human-modified 
landscapes. In a long term German-Tanzanian research program we assess biodiversity and ecosystem 
processes along elevational and disturbance gradients on Mt. Kilimanjaro (Tanzania, Africa), capitalizing on its 
world-wide unique range of climatic and vegetation zones. On a total of sixty-five study sites in both natural and 
human-disturbed ecosystems biodiversity (e.g. plants, soil arthropods, ants, bees, frogs, lizards, bats, birds), 
related ecosystem processes (decomposition, seed dispersal, pollination, herbivory, predation), and 
biogeochemical processes and properties of ecosystems (climate, soil properties and nutrient status, regulation 
of water and carbon fluxes, trace gas emissions, primary productivity, functional diversity) are analyzed. 
Further, in experimental gardens at different elevations, transplant experiments will be performed to study 
species adaptability under modified climate conditions.  
 
By reanalyzing study sites with historical floral and faunal records we explore shifts in species distribution. 
Overall, the data will allow us (1) to infer the influence of climate and anthropogenic disturbance on both 
biogeochemical processes and biodiversity, (2) to quantify biodiversity-ecosystem functioning relationships 
along elevation gradients, (3) to estimate resilience and adaptive potential of natural and modified ecosystems 
to global change, (4) to examine negative feedbacks of disturbance on local climate and ecosystem processes 
and (5) to quantify temporal shifts in species distributions due to climate and land use change. The aim of this 
presentation is to introduce the Kilimanjaro project to the scientific community and to give an overview over 
research activities. 

 
Watershed Services and Climate Change in Mountain Areas: Analyzing Irrigated 
Agriculture as Adaptation Strategy in Pangani River Basin Tanzania 
Dr Makarius C.S Lalika, Sokoine University of Agriculture (makarius.lalika@yahoo.com);  Co-authors Prof. dr. 
Patrick Meire, University of Antwerp, Ecobe, Univesiteitsplein, 1-BE 2610, Antwerp Belgium; and Prof. Yonika 
M. Ngaga, Sokoine University of Agriculture, College of Forest, Wildlife and Tourism, Tanzania.  
 

1.0 Introduction 
The sustainability of agriculture, industry and the natural environment depends largely on the supply of fresh water. 
Unfortunately, watersheds that provide freshwater for different ecological and socio-economic activities are under 
pressure due to climate change (CC) impacts, population increase and land use dynamics (Murray et al., 2012). 
Experience from different studies carried out across the globe shows that shortage of fresh water can lead to a poor 
supply of agricultural products and conflicts even at the international scale (Wolf et al., 2003). Rainfed agriculture is 
among the economic sectors that have been affected by the impacts of freshwater supply shortages. Therefore, 
understanding adaptation measures to water shortages and CC impacts is key towards solving problems of water 
scarcity. Irrigated agriculture is perceived.to be an ideal adaptation strategy in this case.   
 
Climate change (CC)  and variability is currently considered as the most severe and devastating environmental 
catastrophe facing the globe (Berrang-Ford et al., 2011; Lalika et al., 2015a). It is the latest in a series of environmental 
drivers of global environmental change that have been identified following other environmental disasters such as 
drought, desertification, land degradation, failing water supplies, pollution, deforestation, fisheries depletion, and ozone 
depletion (Trabucco, 2012; Bogale, 2013; Boko et al., 2007). CC is expected to have adverse effects in developing 
countries mainly due to their geographic exposure, low income, greater reliance on climate-sensitive sectors and weak 
capacity to adapt to the changing environment (IPFRI, 2012; Bryan et al., 2009). 
 
Africa is probably the most vulnerable continent to CC and climate variability not only because of the dependence of 
many of its economies on agriculture (Bogale, 2013; Wolf et al., 2003) but also because of the presence of other 
environmental stresses besides CC (Matthews et al., 2007). These stresses include rapid population growth, land 
degradation, prevalence of human diseases and widespread poverty all of which have negative impacts on the 
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sustainable management of ecosystems (IPCC, 2007; Mbonile, 2005; Notter, 2010). Rainfall irregularities coupled with 
rise in annual mean temperature have significantly affected smallholder farmers who depend mainly on agriculture 
(Kurukulasuriya et al., 2006) because CC deprives them from irrigation water. This scenario can be seen along the 
Pangani River Basin (PRB) in Tanzania, where a decrease in rainfall and an increase in temperature have led to a 
reduction in water flow, a common characteristic and signals of CC (Munishi et al., 2009; Lalika et al., 2015a).  
 
The recent low capacity of watersheds in Meru and Kilimanjaro mountains to release water downstream (Turpie et al 
2005; Mwamila et al., 2008, Lalika et al., 2011) is linked with rainfall variability and temperature increase. Furthermore, 
the disappearance of the ice cap at the top of Mount Kilimanjaro has reduced the water flow along the PRB in recent 
years and the projection by climatologists is that it would completely disappear by the year 2020 (Notter, 2010; Lalika et 
al., 2015b). Irrigated agriculture is, therefore, a viable option and adaptation strategy against water reduction. It is also 
regarded as the ideal solution for ensuring food supply and security at household level during the dry season (Butler and 
Laurance, 2006; Conway et al., 2009). Objectives of this study were (i) To determine the trend of rainfall and 
temperature in the PRB;  (ii) to analyze irrigated agriculture as adaptation option to water shortages and impacts of CC 
and climate variability in the PRB; and (iii) to determine drivers for climate change along the PRB. 
 

2.0 Materials and Methods  
The study area 
We conducted this study in eight villages, four (Kaloleni, Chekereni, Rau River and Mabogini) in Kilimanjaro Region and 
four (Lekitatu, Karangai, Msitu wa Mbogo and Kikuletwa) in Arusha Region (Figure 1).  
 
 

 
 
 
Figure1: Location of Pangani River Basin (PRB) Tanzania 
 
The PRB extends from the northern highlands to the north-eastern coast of the country and lies between latitude 03º 05' 
00" and 06º 06' 00" South and longitude 36º 45' 36" and 39º 36' 00" East. 
 
Data collection and analysis 
 
We used structured questionnaires as our main tool for collecting socio-economic data. Furthermore, to determine the 
impacts of CC on water flow we collected time series data for rainfall and temperature for October, November and 
December (OND) window period.  Although the PRB experiences two bimodal rainfall seasons i.e. March April and May 
(MAM) and October, November and December (OND), our interest was on the later which is the period for smallholder 
farmers to carry out irrigated agriculture. We analysed socio-economic data using Statistical Package for Social Sciences 
(SPSS) version 20.0 where as we carried out trend analysis for the time series (i.e. rainfall and temperature) using MS 
Excel. Finally we analysed hydrological data i.e. daily, monthly and seasonal flows to compute average, minimum and 
maximum yearly flows in the PRB.   
 
 
 
 



 
 
3.0 Results 
Rainfall and temperature trends  
Figure 2 shows a slight increase of mean rainfall in OND. This trivial increase in mean seasonal rainfall highlighted 
uncertainty associated with rainfall pattern (Suweis et al., 2012). As indicated in Figure 2, rainfall increase is quite small 
in all four meteorological stations. The small increase seems not to have been influenced by CC, instead by climate 
variability (Lalika et al., 2015a). 
 

      
 
 

     
 

  

 
 
Figure 3: Trends in mean OND minimum temperature at four meteorological stations along the PRB, Tanzania 
  
Figure 3 reveal increase of temperature trends in OND for four meteorological stations along the PRB. However, the 
increase in temperature is a bit lower in Same station (Figure 3C) as compared to other meteorological stations along 
PRB. This finding concur with findings by Munishi et al.(2009), who observed increase temperature patterns in 12 
different climatic zones of Tanzania except Dodoma and Singida which are constitute semi-arid areas of Tanzania. The 
influence of rainfall and temperature on water flow is displayed in Table 1. 

 



 
Variable Standard error Beta t Sign. 
Rainfall 
Temperature 

0.81 
18.231 

0.466 
0.338 

3.319 
2.336 

0.003* 
0.025* 

R2    0.237 
 
 
Results indicated that both rainfall and temperature had positive and significant (p < 0.05) influence on water flow. The 
beta value in Table 1 denotes that one unit of rainfall influences the increase of at water flow at the magnitude of 0.466 
m3s-1. Likewise temperature had positive regression coefficient and significant (p < 0.03) influence on reduction of water 
flow.  Water withdrawals and illegal water abstraction for irrigated agriculture and other socio-economic activities affect 
enormously water flow along the PRB. Water intake and irrigation canals (Figure 4) were locally built without gauging 
meters. 

 

   

  
Figure 4: Water intakes for irrigation canals along the PRB, Tanzania  
 
Furthermore, majority of irrigation canals had no concrete structures at the bottom, causing significant quantity of water 
loss through infiltration before reaching farm fields.  
 
Irrigated agriculture as adaptation option to water shortage  
Irrigated agriculture vs non-irrigated agriculture  
 
Comparison in yield revealed that crop yield was higher in irrigated agriculture than in non-irrigated agriculture (Table 2).  
 
Table 2: Crop yield between irrigation vs without irrigation per village 

 
Village Yield with irrigation(kg/ha/season) Yield without irrigation(kg/ha/season) 
 Maximum Mean ± STD Maximum Mean ± STD 
Rau River 33333.33 2443.63 ± 5537.44 2000.00 638.40 ± 485.58 
Chekereni 6000.00 1768.18 ± 1096.59 3500.00 648.50 ± 738.64 
Mabogini 14000.00 2092.31 ± 2054.50 1600.00 878.62 ± 426.40 
Lekitatu 9600.00 2858.67 ± 1662.08 15000.00 2379.33 ± 2971.03 
Kikuletwa 8000.00 1017.36 ± 1163.42 10000.00 520.17 ± 1250.87 
Karangai 16000.00 912.22 ± 2263.52 10000.00 445.56 ± 1431.88 
Msitu wa Mbogo 28000.00 1836.11 ± 4235.78 6000.00 586.71 ± 960.56 

 
Crops earmarked in this analysis were those with weight measurements (kg/ha/season) during harvest. They included 
maize, paddy, beans and cassava. As indicated in Table 2 both the mean and standard deviation of crop yield with 
irrigation were higher than that for without irrigation.  



 
 
Drivers for Climate change (CC) along the PRB 
Table 3 reveals drivers for the current CC change along the PRB. Deforestation seem to be the main driver. 
 
Table 3: Socio-economic drivers that contribute to CC and variability 
Indicator Frequency Percentage 

Deforestation 238 67.8 

Unsustainable agriculture 52 14.8 
Overgrazing 20 5.7 
Lumbering 15 4.3 

Charcoal making 14 4.0 
Fire  12 3.5 

 
Of all respondents, 67.8% indicated that human activities result in deforestation that brings about the current CC 
impacts. Deforestation evident in the PRB for the past few decades due to mineral extraction in Mererani Tanzanite 
deposits and gold mining in Usambara Mountains. Establishment of large farms (in Arusha and Moshi) claimed large 
tracts of forest stands in favour of growing flowers for exports in the United States of America and European markets. CC 
and variability occur through reduction of the forest cover (atmospheric carbon sink) on one hand, and by releasing 
below ground carbon to the atmosphere, on the other hand (Butler and Laurance, 2006). Moreover, deforestation, 
unsustainable agriculture, lumbering, overgrazing and fire has reduces the capacity of watersheds and other natural 
springs to release water, consequently causing water shortages for human activities and ecological functions. 
 
Adaptation to CC and climate variability requires innovative measures to be shared, adopted and implemented among 
smallholder irrigators. The current rainfall fluctuation and water shortages along the PRB are tackled in a number of 
ways. For instance, in Kikuletwa and Chekereni villages and Mabogini, smallholder irrigators involved mainly on maize 
growing. And they grow short term maize varieties as adaptation strategy to the current rainfall and water flow 
fluctuation. This short term maize varieties include such as SEED CO (e.g. SC 403) and PANNAR (e.g. PAN 4M-19, PAN 6 
and PAN 63). In villages where the intensity of water shortage is not that much big (e.g. Rau River, Lekitatu and Makiba) 
as compared to the previous villages, they grow short term rice varieties (e.g. IR 64, IR 56, IR 34 and SARO). Local rice 
varieties preferred as includes “wahiwahi”, “bawa la nzi” and “shingo ya mwali.” These short crop varieties help to 
stabilize food supplies during dry season and rainfall shortages. Short term crops stabilize the country’s economy 
through food supply and food price fluctuation. 
  
4.0 Conclusions 
The study demonstrates the environmental problems affecting the flow of ecosystem services along the PRB in Tanzania. 
The current problems brought by climate change and climate variability influence rainfall fluctuation thereby affecting 
agriculture, the main economic activity for majority of rural dwellers in the country. Climate variability has changed the 
duration, timing intensity and distribution of rainfall within months, seasons and years thereby affecting the timing of 
cropping calendar. Furthermore, the trend of population increase along the PRB puts pressure on water resources 
because water availability does not keep pace with demands of the fast growing population, water for socio-economic 
development and for ecological integrity. This scenario conforms to the theory of population growth and resource 
scarcity by Thomas Malthus (1798) that while resources were growing at arithmetic rate, on the contrary population was 
increasing at an exponential rate. Given that irrigation water has been decreasing over time, policy makers should 
integrate water management plans into their decision forums.  
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Mammals and dung beetles along an elevation and land use gradient on Mt 
Kilimanjaro: Can differences in dung beetle diversity and ecosystem services provided 
by dung beetles be explained by mammal diversity?  
Ms Frederika G Gebert, University of Wuerzburg (friederike.gebert@uni-wuerzburg.de);   Co-authors: Dr. 
Marcell K. Peters, Zoology, University of Wuerzburg and Prof. Dr. Ingolf Steffan-Dewenter, Zoology, 
University of Wuerzburg 
 
Abstract: Dung beetles (Scarabaeidae) have been recorded to be closely related to mammals and to reach their peak 
in African tropical savannas where the most diverse mammal fauna can be found. Dung beetles rely upon 
mammalian dung as a food resource for both adult and larval stages and their local declines have been linked to 
decreasing mammal biodiversity. We studied the relationships between dung beetle diversity, climate, mammal 
diversity and dung availability in both natural and disturbed habitats along an elevational gradient from 870 to 4550 
m a.s.l. on Mt. Kilimanjaro, northern Tanzania. For recording mammals, we used camera traps while we used baited 
pitfall trapping for recording dung beetles. Our data suggests an exponential decline in the species richness of dung 
beetles with increasing elevation and a significant impact of land use. We show how the structure of dung beetle 
communities is related to climatic factors and resources. 
 
Inventory of the Tanzanian Orthoptera fauna and scientific applications with focus on 
Kazimzumbwi Forest Reserve 

Dr Claudia Hemp, Mt Kilimanjaro Project, P.O. Box 317 Moshi, Tanzania. (claudia.hemp@senckenberg.de) 

Abstract: First inventories of the whole flora and fauna of northern Tanzania also including Orthoptera were 
made over one hundred years ago (1905-1906) by an expedition led by the Swedish scientist Yngwe Sjöstedt. 
The sampled material was transferred to the Natural History Museum Stockholm where it can still be studied 
today. Up to now not much effort was made again establishing a national entomological collection in Tanzania. 
An intensive inventory of the Orthoptera fauna of East Africa with focus on Tanzania was started in 1996 by our 
own working group. About 150 grasshopper, locust and bush cricket species and subspecies, 12 new genera 
and a subtribe were erected and newly described for East Africa, mainly from Tanzania around Mt Kilimanjaro 
and the Eastern Arc Mountains highlighting the high biodiversity and degree of endemism found in Orthoptera 
in Tanzania and East Africa. 

A survey of the Orthoptera fauna in Kazimzumbwi Forest Reserve near Dar es Salaam on the Tanzanian coast 
showed that this forest harboured 20 % endemic species. 58 % of the species found were typical coastal taxa or 
only known from two or three localities and thus also endangered species. 22 % of the Orthoptera species 
were either wide-spread or known from more than 10 localities in East Africa. Kazimzumbwi Forest Reserve is 
severely threatened by encroachment and deforestation although it is recognized as belonging to the oldest 
surviving forests of the world. Kazimzumbwi Forest Reserve harbours a number of species that are probably 
archaeoendemics to this kind of habitat. Only recently the new Pseudophyllinae genus Pseudotomias was 
described, that has its closest relatives in Central and West Africa. This implies that there must have been a 
more or less continuous forest cover connecting East and West Africa. If forests such as Kazimzumbwi Forest 
are destroyed precious data resources are lost helping to understand biogeographical patterns of plant and 
animal taxa and to illuminate large scale speciation patterns in tropical Africa. 

These basic data obtained by inventorying may be used to investigate mechanisms behind the present 
biogeographical patterns of Orthoptera taxa, to understand times and modes of speciation patterns and with it 
the vegetation history of a given area. The data set also serves to recognize areas of biodiversity and to outline 
centers boosting speciation in East Africa. 

Introduction - Scientific applications of an inventory of an area 
 
Obtaining data on alpha-biodiversity of an area, its number of endemics and identifying threatened 
taxa 
A straight forward result on an inventory of a given group is to obtain data about the number of species 
present in an area, e.g. a forest such as Kazimzumbwi. Thus during a 2-year survey in 2015 and 2016 a total of 
28 Ensifera and 31 Acridomorpha species was recorded in the Kazimzumbwi Forest Reserve near the Tanzanian 
coast near Dar es Salaam. All species were species of lowland and coastal forest and most of them are known 
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only from a restricted area. 12 species (20 %) are probably endemic to the area and thus highly threatened. 34 
species (58 %) are typical coastal taxa or only known from two or three localities and thus also endangered 
species. 13 species (22 %) are either wide-spread or known from more than 10 localities in East Africa. Thus 
this list clearly indicated the high biological value of this patch of lowland forest. 

Identifying species for bioindication and thus tools for landscape management 
Species that are bound to certain habitat types might be used for bioindication. A first step to identify such 
bioindicators is to study their biogeography and their habitat demands. In East Africa it was suggested for 
several Orthoptera species that they might be suitable to serve for bioindication. Thus the bushcricket 
Gonatoxia maculata was only caught in deciduous dry forests and a vegetation type which was called 
“Obstgartensteppe” = orchard steppe by the Germans, since the trees are scattered and resemble superficially 
fruit trees planted in an orchard. Both vegetation types are rapidly vanishing in East Africa. The North and 
South Pare Mountains for example still harbour deciduous dry forests especially at their northern slopes. 
However, rapidly increasing human populations impact these forests by cutting, burning and using also 
steepest slopes as range land for life stock these days. The same holds true for the vegetation type 
“Obstgartensteppe” which is almost lost e.g. on Mt Kilimanjaro. Thus the presence of species such as 
Gonatoxia maculata serve as information about the vegetation types they are bound to, and therefore this 
species can be used as a bioindicator. The same was suggested for Tropidonotacris grandis occurring in same 
habitat types as G. maculata. 

All East African species known at present in the genus Parapyrrhicia Brunner von Wattenwyl, 1891 are bound 
to lowland to submontane forests along the Kenyan and Tanzanian coast and some further inland situated 
lowland forests in Tanzania. These forests are highly under pressure from deforestation as well. Along the 
Kenyan and Tanzanian coast only few forest patches remained from a former continuous belt. Parapyrrhicia 
species only occur in closed lowland and submontane forests and disappear as soon as the canopy is opened 
up too much. Therefore species of this genus are ideal organisms indicating the quality of a habitat and can be 
used identify areas for priority conservation measures. 

Species such as Gonatoxia, Parapyrrhicia and Tropidonotacris may also be used as bioindicators allowing to 
follow land cover changes over time since early collections reach back as far as the 18th century. Thus the 
evaluation of old collections are precious archives providing multiple data to e.g. model scenarios of how land 
cover changed over time and to identify areas which once harboured habitats rich in biodiversity, e.g. for 
restoration programmes. 

Understanding landscape changes: case study on Orthoptera on Mt Kilimanjaro 
To understand future processes on fauna and flora of an ecosystem with a changing environment the 
knowledge about the situation of the past is very valuable. In case of the insect group Orthoptera 
(grasshoppers, locusts and bushcrickets) historical data from about 100 years ago are available (Sjostedt 1909). 
Thus comparing the historical data and using the information on habitat demands of species with a narrow 
ecological niche it became clear that many Orthoptera species either “moved” uphill in the past 100 years or 
suffered from a dramatic population decrease. From the beginning of the last century to today the Chagga 
people multiplied about 20 times (first census beginning of the last century about 60.000 people, today about 
1.2 Million people on the mountain non regarding immigration to other areas of Tanzania); and subsequently 
the cultivated area expanded. With the anthropogenic opening of the closed forest species moved upwards 
now finding habitat also at higher elevations. These processes in Orthoptera due to landcover changes can be 
observed in several taxa on Mt. Kilimanjaro as well as on adjacent mountains (e.g. North and South Pare, West 
and East Usambara). With increasing influence of humans, that means that more and more submontane forest 
was changed into agroforestry systems in the past 100 years, species of these genera coped and found habitat 
in the now anthropogenic influenced environment. Some of them even enlarged their area of occurrence since 
they now occur also in higher elevations while others (e.g. pure forest species) got extinct in the homegardens. 
If the observed trend towards a drier and warmer climate on Mt. Kilimanjaro proceeds, lower vegetation zones 
of Kilimanjaro will move upwards and will get more and more fragmented. 

Savanna species will spread from lower altitudes to the submontane, montane and even afroalpine zone due 
to loss of forest and a warmer microclimate. Orthoptera species show this trend very clearly even today (Fig. 
1). About 100 years ago the submontane zone was still partly covered by forest and comparatively few Chagga 
homegardens concentrated in favourable areas. With an ongoing fragmentation, especially of the montane 



forest zone will be affected most. From the lower edge in the densely populated cultivated zone the forest belt 
is opened up by fires, illegal logging and cattle grazing while wild fires of the afroalpine zone lead to a 
downshift of vegetation belts from the upper zone (see Hemp 2005). Highly endangered will be mainly 
endemic and stenoecious species of the forest belt that will suffer loss of habitat and even will get extinct in 
the near future. The Chagga homegardens in its present form still offer habitat for some of the stenoecious 
species. However, depending on steady water outflow from the forest belt the homegardens are already 
suffering from a reduced water yield of burnt cloud forests (Hemp 2005). If this sustainable agroforestry 
system is lost Mt. Kilimanjaro will lose most of its endemic inhabitants as studied in the group Orthoptera. 

Understanding speciation mechanisms 

Combining data obtained from the biogeography and ecology and biology (e.g.bioacoustics) of species and 
preferably adding more information, for example, on their molecular phylogeny opens a whole scientific field 
to gain insight into speciation mechanisms, to understand time and modes of the evolution of species 
regarding a certain area, e.g. the Eastern Arc Mountains of Tanzania and southern Kenya – well-known 
hotspots of biodiversity and endemism – as well as getting to understand large scale speciation e.g. on the 
African continent. An example on two flightless bushcricket taxa – Afroanthracites (Fig.2) and Afroagraecia 
(Conocephalinae, Agraeciini) might serve to demonstrate how data are evaluated and add to the 
understanding of speciation. Both genera are interesting because of their biogeographical pattern of closely 
related species found isolated on high mountains and mountain ranges of East Africa. A spread of species of 
these taxa was possible during different climatic regimes, being colder and more humid and thus favouring 
submontane and montane forest to expand forming corridors in the past. 

Evaluation of climatic parameters on Mt Kilimanjaro and on the East and West Usambara Mountains showed 
that all investigated Afroanthracites species occupy an analogous niche on the respective mountains - humid to 
perhumid submontane and montane forests. Acoustical studies revealed that a trend to low carrier frequencies 
is observed combined with the evolution of larger stridulatory organs (Fig. 3). The acoustic evolution of the 
African Agraeciini probably started with species using ultrasonic frequencies and ended with species presenting 
clearly audible songs. The group using audible songs was hereby found in the West Usambara Mountains, part 
of the geologically ancient Eastern Arc Mountains of East Africa. Our data set suggests that species of 
Afroanthracites are the result of a young radiation in the area, similar to other flightless Orthoptera taxa and 
that climatic fluctuations of the past boosted speciation in the area rather than a stable climate and the old age 
of the Eastern Arc chain. 

Fig. 1. Upward migration of Orthoptera species from lower zones. Left circles giving numbers of species which 
are typical for this zone; right circles giving numbers of species that are additionally found additionally to the 
typical species of the respective zone, arrows indicating area from which they migrated upwards. Yellow: 
openland forms, green: forest forms; blue: afroalpine forms. A: colline lowland savanna area, B: submontane 
and lower montane zone, C: montane zone, D: (sub)alpine zone (see below). 

 



 

 

Fig. 2. Male Afroanthracites montium from the Mts Kilimanjaro/Meru area of northern Tanzania. Species of 
this genus are ideal organisms to study speciation mechanisms in the area. 

 

Fig. 3. Isolated tegmina of Afroanthracites species and Afroagraecia brachyptera. Upper two lines – left 
tegmen, lower line - right tegmen. A A. usambaricus, B A. montium, C A. lutindi n. sp., D A. viridis, E A. 
pseudodiscolor n. sp., F A. discolor, G Afroagraecia brachyptera (see below). 

 

 



 

 
Conclusions 
An inventory is the first step to obtain data on the diversity of an area, the share of endemics and 
threatened species. If the habitat demands are studied as well and further data such as on the bioacoustics 
and the genetics are added a broad facet of scientific applications and for landscape management is 
obtained. 
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Abstract: We show results on the growth dynamics and age of the tree species Entandrophragma excelsum 
(Meliaceae) found in a ‘Newtonia ravine forest type’ in the Mrusungu valley at the South-East slopes of Mt. 
Kilimanjaro. This area has a unique, very tall forest relict which was recently found by us to harbor Africa's tallest 
tree individuals. The tallest individual of E. excelsum reaches a height of 81.5 m. Our objectives were to 
characterize the growing season length of E. excelsum, to identify potential triggers of stem growth, describe the 
stem allometry and biomass accumulation as well as to estimate the maximum age of this species.  
Four years of continuous high resolution dendrometry data from trees at the Mrusungu valley forest showed that 
radial stem growth of E. excelsum occurs almost exclusively during the main rainy season. All other months were a 
phase of slow growth or complete cambial dormancy. The onset of tree growth appears to be triggered by the onset 
of the main rainy season. Duration of growth is not correlated among trees. The completion of seasonal growth 
varies sometimes by more than 50 days. The onset, growth duration and closure of annual growth vary significantly 
by year and trees. This indicates that other triggers besides the precipitation influence the cambial activity. Tree core 
samples of E. excelsum at Mt. Kilimanjaro did not show any distinct tree ring boundaries which could be assigned to 
annual growth. Thus dendrochronology methods cannot be applied. The annual maximum radial growth recorded 
with dendrometers was 2.1 mm. Given the observed stem diameters of up to 255 cm of the tall individuals at 
Mrusungu, the minimum tree age estimate for the trees is up to more than 607 years for the largest trees. The small, 
only 70 ha large Mrusunga forest with Entandrophragma excelsum is a relict of the rare ‘Newtonia ravine forest’ 
type. Due to the unique combination of very rare, tall and old trees, we strongly recommend the inclusion of the 
Mrusunga forest into the Kilimanjaro NP area in order to ensure its protection for further generations. 
 
Land use land cover transformation and hydrological assessment using remote sensing 
and Geographical information system in Mt. Elgon ecosystem, Kenya 
Phesto Osano,* Paul Ongugo, and Benjamin Owuor, Kenya Forestry Research Institute, Muguga 
 
Abstract: Mountain ecosystem plays a number of economic and environmental roles of global significance.  They 
host an important portion of the earth's biodiversity, and only cover 24% of the earth’s land surface. Mt. Elgon, one 
of the major water towers in Kenya provides vital goods and services to a significant proportion of East Africa 
community.  
Due to increase in population and demand for food, Mt. Elgon ecosystem has experienced a lot of pressure to 
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provide the required resources by the adjacent communities. As people move in search of more land for agriculture, 
recreation and to obtain valuable resources such as timber, the ecosystem is subjected to degradation and 
destruction. Land cover affects hydrologic processes by altering water infiltration into the soil, affecting energy 
budgets and evaporation, and changing water routing and sediment flow. Therefore, linking land-cover land use with 
hydrologic system of the ecosystem allows determining potential hydrologic regimes under land-cover 
transformations.  
 
Accurate, reliable and up to date information on land use land cover status and hydrological system of the fragile 
ecosystem is therefore needed in an effort to contribute to the sustainable utilization of the mountain resources and 
effective management of the ecosystem. For the current study, Landsat images of 1985 and 2010 were used to 
determine land cover land use transformation. Six land use classes were determined. While for the hydrological 
analysis, ASTER DEM (2010) and Old topographic map (1985) of the ecosystem was used. From the result, there has 
been continues decrease in hydrological condition of the ecosystem within the years Therefore from the study, 
management effort should be put on restoring the riparian vegetation and degraded forest cover to protect water 
bodies and also to reduce sedimentation contributed by the farming taking place in the upper part of the mountain 
ecosystem. 
 
Key Words: Remote sensing, GIS, hydrology.  
 

Introduction 
Mt. Elgon ecosystem is not only important habitats for wildlife, but also the home for many other rare and 
endangered species. The ecosystem provides important environmental services like carbon bank, soil erosion 
control, hydrological partitioning and climate modification. The ecosystem holds a high percentage of forest 
resources, crucial to local community’ livelihoods (van Heist, 1994). Major products contributing to socio-economy 
are firewood, poles or timber, vines, water and fodder (Scott, 1994). In addition, Mt. Elgon hosts the headwaters of 
the Nzoia River which provides hydrological services to a range of economic sectors including irrigated agriculture 
with an estimated watershed population of over 1.5 million in Kenya’s Western region, but when excessive also 
threatens the lives and livelihoods of thousands of people due to flooding (Nyacha et al, 2005). 
 
Land cover transformations have a direct impact on the hydrological cycle and streamflow quality. The negative land 
cover transformation has directly led to the increase in annual runoff and streamflow (Nicholas Persak L., 2015).  
Conducting spatial analysis over larger area has become relatively easy with the introduction of remote sensing. 
Remote sensing plays a crucial role in evaluating, determining, monitoring and enhancing the overall status and 
extent of a given ecosystem. According to Majid F. and Humayun R. (2010), the repetitive satellite remote sensing 
over various spatial and temporal scales offers the most economic means of assessing the environmental parameters 
and impact of the developmental processes and it has played a pivotal role in generating information about forest 
cover, vegetation type and land use changes. Through the use of spatial and temporal analyses techniques from GIS 
applications, transformation detection can provide useful applications in a wide variety of areas such as vegetation 
composition, habitat structure etc. (Effah K A. et al. 2014). 
 
The research approach adopted in this study is cost effective satellite-based data analysis. The study uses 
topographic map of the study area and freely available Digital Elevation Model for better and elaborate hydrological 
assessment. The general aim of the research was to use remote sensing and Geographical Information System to 
analyze Land Cover transformation and hydrological analysis and condition of Mt. Elgon Water Tower ecosystem. 

Methodology 
Study area 
This study was conducted in Mt. Elgon, one of the major water towers in Kenya. As reported by KWS (2011), the 
ecosystem covers an area of approximately 236,505ha to the Kenyan side and overlaps with Trans-Nzoia and 
Bungoma counties. It was gazetted in 1932 (Ongugo et al, 2001) and receives maximum rainfall, designating it as one 
of the Kenya’s five “water towers” (Synnot, 1968), supporting a huge population (van Heist, 1994). 
 
 
 
 
 



 

Summary of Methodology 

 
 

Figure 1: 1985 Hydrological analysis from Topographic Map 
 

 
Figure 2: 2010 Hydrological analysis using Digital Elevation Model 

 

 
Summary of Hydrological analysis Result and Finding 
Stream Order 
From the result of stream order and stream number of Mt. Elgon ecosystem, the sub watersheds exhibit the orderly 
arrangement of the number of streams of different orders. It is evident form the analysis that the number of stream 
decrease with an increase in order, there by the correlation function is negative. 
 
The table below shows the number of streams and total length per order within the four sub watersheds. The 
results indicate a change in number of orders in sub watershed D, in 1985, the sub watershed had up to the 4th 
Order while in 2010, the sub watershed had up to 3rd Order. The change translates to a decrease in the total length 
and stream segments in the lower part of sub watershed D. 
 
 
 
 
 



 
 
Table 1: Total number of Segments and Length per Sub-Watersheds as 2010 

  
Sub watershed A Sub watershed B Sub watershed C Sub watershed D 

(452.713466) (509.412475) (464.390565) (658.009248) 

  Total 
Count Total Length Total 

Count 
Total 

Length 
Total 
Count Total Length Total 

Count Total Length 

1st Order 13 100.949374 17 57.381914 19 80.603392 18 140.4121 

2nd Order 6 44.30256 9 69.485722 14 45.742774 4 22.42025 

3rd Order 2 4.92939 2 7.29886 2 7.98479 6 19.2444 

Total 21 150.18132 26 
134.16649

6 35 134.33096 28 182.0767 

 
Table 2: Total number of Segments and Length per Sub-Watersheds as 1985 

  
Sub watershed A Sub watershed B Sub watershed C Sub watershed D 

(452.713466) (509.412475) (464.390565) (658.009248) 

  Total 
Count 

Total 
Length 

Total 
Count 

Total 
Length 

Total 
Count Total Length Total 

Count Total Length 

1st Order 15 101.623
49 18 59.24954

5 22 80.842138 16 99.911567 

2nd Order 10 45.5211
69 12 69.47300

3 17 47.97534 13 62.920228 

3rd Order 2 4.92994 2 7.27355 3 8.251411 3 9.87771 

4Th Order       5 12.78322 

Total 27 152.074
6 32 135.9961 42 137.06889 37 185.49273 

 
Stream Density 
Stream density is inversely related to permeability of the terrain, the higher the drainage density the lesser the 
permeability of the terrain (Carlston 1963).  
 
Table 3: Stream Densities of 1985 and 2010 for Sub-Watershed 

 Sub Watershed A Sub Watershed B Sub Watershed C Sub Watershed D 
 1985 2010 1985 2010 1985 2010 1985 2010 

Stream 
Density 

0.3317 0.331
7 

0.2670 0.263
4 

0.2952 0.289
3 

0.2819 0.2767 

 

Stream frequency 
According to Muthukrishnan et al. (2013), Stream frequency reflects the degree of dissection of the terrain. The 
results indicate steady decrease of stream frequency from all the three sub-watersheds within Mt. Elgon ecosystem.  
 
Table 4: Stream Frequencies of 1985 and 2010 for Sub-Watershed 

 Sub Watershed A Sub Watershed B Sub Watershed C Sub Watershed D 

Year 1985 2010 1985 2010 1985 2010 1985 2010 
Stream Frequency 0.0596 0.0463 0.0628 0.0510 0.0904 0.075

4 
0.0562 0.0426 
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Detecting Forest degradation in Kenya: An analysis of hot spot areas in Mt. Elgon and 
Cherangani Hills ecosystems 
Paul. O Ongugo*, Phesto Osano and Benjamin Owuor, Kenya Forestry Research Institute (KEFRI) 
paulongugo@live.com  
 
Abstract: Forest management in Kenya has been challenged by undefined boundaries, illegal access, forest 
excision, competing claims for its products amongst other effects as communities depend on the forests for 
various consumable products. While forest ownership status is state, private or communal, gazetted forests have 
been claimed by indigenous groups and private entities. Such claims have resulted to conflicts in management 
which limits monitoring of forest access activities by the state through Kenya Forests Service (KFS). As a result, 
forests ability for quality ecosystem goods and service provision has been curtailed by the declining forest cover. 
Mt. Elgon and Cherangany hills forest ecosystem provide ecosystem goods and services, which positively affect 
community livelihoods. They are also water towers; a source of numerous rivers and streams, which supply 
millions of people downstream in Kenya and Uganda. The ecosystems ability to provide direct and indirect 
benefits has been affected by declining forest cover. As a result of destruction and degradation, the local climate 
has changed leading to migration or alteration of flora and fauna altitudinal habitation, product and service 
provision thus affecting ecosystem dependent livelihoods.  
 
Reducing forest degradation to improve condition through Participatory Forest Management (PFM), Natural 
Resource Management and local forest institutional strengthening through training and capacity building has been 
conducted to increase autonomy in participation in sustainable forest management. Using ground truthing and 
analysis of satellite imagery, degraded area hot spots were identified in the two ecosystems for rehabilitation 
intervention. Results showed degradation occurred from unmonitored access and utilization for charcoal 
production, over-grazing, farming and harvesting of timber, poles and fuel wood. Rehabilitation was aided by 
establishing demonstration plots-on farm forestry, trainings and improving forest based enterprises. Improving 
forest conditions therefore requires participation of all relevant stakeholders, considering a bottom-up approach to 
identify effects of degradation, challenges of utilization to provide solutions and ensure sustainability. 
 

Methodology 

 
Figure 1: Study Area 
 
Multi-temporal satellite images of 1985 and 2016 datasets were used for analyzing forest degradation with the two 

ecosystems as shown in the table below.  

mailto:paulongugo@live.com


Table 5: Data Used for the analysis 
Year Path and 

Raw/Scene 
Date Ecosystem 

1985 170/59 31st December Mount Elgon/Cherangany 

  

2016 27th January 
1985 169/60 1st March Cherangany ecosystem 

2016 4th February 

1985 169/59 1st March 

2016 4th February 

 
The data of the same season with minimum possible gaps between them were selected for analysis in order to 
minimize the impacts of the changing season on the mapping. Both unsupervised and supervised classification 
techniques were applied in the study, and to attain accurate result, omission and commission errors were calculated 
for accuracy assessment. 

 

 
Figure 2: Methodology for Degradation Assessment 
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Figure 3: 1985 and 2015 Land Use Map for Mt. Elgon Ecosystem 

Figure 4:  Figure 4: 1985 and 2015 Land Use Map for Cherangany Ecosystem 



Summary of Results 
 
Table 6: Summary of land cover coverage and change from 1985 to 2015 for Mt. Elgon 

 
 

Land Use Class Land Use 1985 Land Use 2015 1985 
%Coverage   %Change 

Closed Forest 471.21 260.2 22.01 -9.86 
Open Forest 121.4 131.97 5.67 8.71 
Grasslands 536.98 618 25.09 15.089 
Farmland 691.32 874.13 32.30 26.44 
Water body 0.51 0.52 0.02 1.96 
Others 318.71 253.07 14.89 -20.60 
Total (Pixels) 2140.13 2140.13   

  
 
 
Table 7: Summary of land cover coverage and change from 1985 to 2015 for Cherangany 

Class Type 1985 (Area SqKm) 2015 (Area SqKm) 2015 % 
coverage 

1985-2015 
%change 

Closed Forest 949.66 860.55 19.01 -1.78 
Open Forest 1555.57 1036.85 31.14 -10.38 
Grasslands 822.54 1162.9 16.47 6.81 
Farmland 623.59 1214.5 12.48 11.83 
Water body 0.94 1.21 0.018 0.005 
Others 1042.22 918.01 20.86 -2.48 

Total 4994.02 4994.02     
 
 



 
 

Figure 3: Degraded areas identified 
 

 
 

Linking land use land cover dynamics to community socio-economic structure in Mt. Elgon 
water tower ecosystem. 
Mr B.O.O Onyango, Kenya Forestry Research Institute (KEFRI) (benjaminowuor86@yahoo.com); Owuor 
Benjamin, Kenya Forestry Research Institute (KEFRI) Paul O. Ongugo, Kenya Forestry Research Institute (KEFRI) 
Therezah Achieng', Kenya Forestry Research Institute (KEFRI) Maureen Kabasa, Kenya Forestry Research Institute 
(KEFRI) Roxventa A. Othim, Kenya Forestry Research Institute (KEFRI)  
 
Abstract: Mountain ecosystems are vital for provision of ecosystem goods and services which provide direct and 
indirect benefits to proximate communities and those further apart. They are not only water towers-(sources of 
rivers which supply water downstream and a habitat to endemic flora and fauna), but providers of climates 
important for agriculture, livestock production amongst other livelihood activities. Dependence on mountain 
ecosystems for livelihoods has lead to land use-land cover change to meet socio-economic demand. Management of 
mountain ecosystems has been challenged by continued access and product extraction, leading to degradation, 
migration and extinction of plants and animals. Through this study, Mount Elgon forest ecosystem presents a trend 
analysis of land use land cover, linked to socio-economic structure of communities domiciled up stream. 
International Forestry Resources and Institutions (IFRI) and Poverty and Environments Network (PEN), tools and 
methodologies were used to track biophysical and socio-economic condition of Kimothon forest for the year 1997, 
2001, and 2012. Historical change detection analysis of land use land cover in Mount Elgon was integrated with the 
tools for a comparative methodological framework. Results from Mt. Elgon forest ecosystem revealed ecosystem 
previously dominated by trees and bushes but currently covered by other land uses as farms and settlements. It 
presented instability in socio-economic status of adjacent dwellers and skewed extraction of resources in response 
to secure and obtain livelihoods. The research further recommends a multi-stakeholder involvement in forest 
management, by engaging local institutions while to ensure a forest landscape management approaches. 

  



 
Theme 2: Tracking change in African mountain ecosystems 
 
Key Note presentation: Afromontane small mammals feel the heat:  impact of taxonomy and 
climate change on extinction risks and determination of conservation status 
Peter J Taylor1,2,3  
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Introduction 
Paleoclimatic and tectonic changes since the late Pliocene have resulted in high rates of speciation and microendemism 
in terrestrial small mammals across the “Afromontane archipelago”, as shown by recent studies of horseshoe bats, 
Rhinolophus (Taylor et al. 2012), vlei rats, Otomys (Taylor et al. 2009a, b, 2011, 2014) and forest shrews, Myosorex 
(Willows-Munro & Matthee 2011, Taylor et al. 2013) (Figure 1). As a result, taxonomic revisions of these genera have 
resulted in an increase in the number of recognised species and in some cases, widespread “common” species have 
been shown to be composites of a number of narrower-range cryptic species. Climate change constitutes a potential 
threat to montane biodiversity, particularly in low-altitude, tropical mountains and in taxa having specialised habitat 
preferences and narrow ranges associated with middle and high altitudes in these mountains. As a graphic illustration of 
this, 39 out of 463 African rodent species listed by Monadjem et al (2015) are listed globally on the IUCN Redlist as 
Threatened (Vulnerable, Endangered or Critically Endangered); of these all but two species are associated with 
Afromontane habitats. Using species distribution models (SDMs), recent studies tested the potential impacts of future 
climate change on forest shrews (Taylor et al. 2016) and vlei rats (Taylor et al. 2015) from South Africa. In some cases, 
predicted declines in areas of occupancy provided evidence for uplisting of IUCN Redlist status, particularly when 
considered together with taxonomic changes and predicted declines due to accelerating land transformation in some 
provinces of South Africa (Driver et al 2012). 
 
Here we briefly review the literature above to evaluate the impact of taxonomic change and projected climate change on 
the conservation status of South African species of Otomys and Myosorex, by comparing their IUCN Redlist status from 
the 2004 South African regional assessment (Friedman & Daly 2004), the South African regional assessment of 2016 
(Child et al. 2016) and the current global IUCN Redlist status (based on an assessment undertaken in 2008).  Table 1 
summarises changes in distribution following taxonomic revisions of these species (Taylor et al. 2009a, 2013), as well as 
further changes in distribution (percentage changes based on areas of occupancy, or number of pixels of 30 second-
resolution (or approximately 16 x 16 km) predicted from climate change under the A2 scenario (see Taylor et al. 2015, 
2016 for details of the Species Distribution Models). Essentially, taxonomic revisions resulted in single widespread 
species being split into two or more range-restricted species. E.g., O. irroratus sensu lato (Figure 2) was divided into O. 
irroratus sensu stricto from the Fynbos and Thicket Biomes and O. auratus, from the Grassland Biome (Taylor et al. 
2009b, Engelbrecht et al. 2011), while M. cafer sensu latu was divided into three species, M. meesteri from the Eastern 
Highlands of Zimbabwe, M. cf. tenuis from Limpopo and M. cafer sensu stricto from E Cape and KwaZulu-Natal provinces. 
Myosorex varius has been split into southern (Fynbos and Thicket) and northern (Grassland) genetic lineages but these 
have not yet been officially recognised as good species (Willows-Munro & Matthee 2011). The smaller ranges of some of 
these newly erected or revised species, together with further range declines predicted from climate change, has resulted 
in more stringent Redlist categories being applied in the 2016 South African assessment compared with the earlier 2004 
regional assessment and the current global assessment. For example. O. auratus was uplisted from least concern (in O. 
irroratus s.l.) to Vulnerable, M. cafer was uplisted from least concern (current global assessment) or data deficient (2004 
regional assessment) to vulnerable (2016 regional assessment), and M. cf. tenuis was uplisted from data deficient 
(current global assessment) to endangered (2016 regional assessment). In the case of M. varius which is considered to be 
a widespread and common species, the southern (grassland) lineage showed substantial predicted declines due to 
projected climate change (Table 1). Since this lineage has no taxonomic status it has not been assessed by the IUCN. 
However, should this species be a good species, as seems likely, it should probably be assessed at least as Vulnerable 
based on its very similar distribution to O auratus. 

mailto:Peter.Taylor@univen.ac.za


 

 
Figure 4: Myosorex sp 
 

 
Figure 5: Otomys irroratus 
 
As would be expected, taxa having temperate forest or grassland distributions (the majority of species of Otomys and 
Myosorex) suffered greater predicted declines due to climate change compared with subtropical savanna (O. 
angoniensis) and coastal forest (M. sclateri) species where SDMs even large predicted increases in range size with 
climate change by 2050, assuming dispersal (Table 1). 
 

Conclusion 
In conclusion, this brief review underlines the importance of both updated and sound taxonomy as well as the real 
threat of climate changes affecting Afromontane fauna and flora, in terms of accurate assessments of the conservation 
status of species.   
 
Table 1 shows a summary of changes in distribution of South African vlei rats (Otomys) and forest shrews (Myosorex) due to 
taxonomic revisions (from Taylor et al. 2009b, Engelbrecht et al. 2011, Taylor et al. 2013), predicted range changes due to 
climate change (from Taylor et al. 2015, 2016), and changes in IUCN Redlist status with different regional and global 
assessments. The two values listed for predicted % range changes refer to values calculated assuming (first value) and not 
assuming (second value) dispersal. Abbreviations for IUCN Redlist status as follow: NA= Not yet assessed, LC=Least 
Concern, DD=Data Deficient, VU=Vulnerable, EN=Endangered, CR=Critically Endangered. Instances where Redlist status 
has been uplisted from either the 2004 regional or current global assessment to the 2016 regional assessment are 
underlined (see below). 
 



 
 
 
Table 1: Summary of changes in distribution of South African vlei rats (Otomys) and forest shrews (Myosorex) due to 
taxonomic revisions (from Taylor et al. 2009b, Engelbrecht et al. 2011, Taylor et al. 2013), predicted range changes due to 
climate change (from Taylor et al. 2015, 2016), and changes in IUCN Redlist status with different regional and global 
assessments. 

Species Habitat 
and/or 
Biome 

Distribution 
before 
taxonomic 
revisions 

Distribution 
after 
taxonomic 
revisions 

% change 
predicted by 
2050 due to 
climate 
change (A2) 

IUCN 
Redlist 
SA: 
2004 

IUCN 
Redlist 
SA: 
2016 

IUCN 
Redllist 
Global: 
current 

Otomys irroratus Fynbos SA escarpment 
and central 
plateau, E 
Highlands  
Zimbabwe  

Cape Fold Belt 
and S 
Escarpment (W 
and E Cape) 

-12 to -24 LC LC LC 

Otomys auratus Grassland Previously 
included in 
irroratus 

N Escarpment, 
SA central 
plateau, E 
Highlands 
Zimbabwe 

-47 to -60 NA VU NA 

Otomys 
angoniensis 

Submontane 
savanna 

Widespread in 
E South Africa 
and patchily 
north to Kenya 

Unchanged +23 to -29 LC LC LC 

Myosorex varius Grassland Widespread in 
Grassland + 
Fynbos biomes 

Unchanged, 
but two 
lineages below 
may represent 
species 

+36 to -10 SS LC LC 

Myosorex varius 
(S) 

Grassland/F
ynbos 

Not recognised 
prior to 2011 

Cape Fold Belt 
and S 
Escarpment (W 
and E Cape) 

+104 to 0 NA NA NA 

Myosorex varius 
(N) 

Grassland Not recognised 
prior to 2011 

N Escarpment, 
SA central 
plateau 

-23 to -25 NA NA NA 

Myosorex cafer Forest From E Cape to 
Limpopo 
Province, 
Swaziland and 
E Highlands 
Zimbabwe 

Restricted to E 
Cape and 
KwaZulu-Natal 
Provinces and 
Swaziland 

-37 to -41 DD VU LC 

Myosorex cf. 
tenuis 

Grassland+
Forest 

Previously 
included in M. 
cafer 

Restricted to 
Limpopo 
Province 

-35 to -40 NA EN DD 

Myosorex 
meesteri 

Grassland Previously 
included in M. 
cafer 

E Highlands 
Zimibabwe 

Not assessed NA NA NA 

Myosorex sclateri Coastal 
Forest 

Coastal belt of 
KwaZulu-Natal 

Unchanged +180 to 0 EN VU NT 

Myosorex 
longicaudatus 

Forest+Fynb
os 

Few localities in 
W and E Cape 

Unchanged -18 to -33 NT EN VU 
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Key Note presentation:  Research queries involving the role of amphibians and reptiles in the 
Kilimanjaro area.  
Prof Kim M. Howell (Emeritus Professor). 
 
Abstract : What we think of as « mount Kilimanjaro » is not a monolith, but is an area that consists of several 
ecosystems. There is considerable scope for further research on amphibians and reptiles and this would add to our 
understanding of the complexities of interactions between species and their environments as well as among 
themselves. This brief presentation suggests simple observations and experiments that can be conducted jointly by 
Tanzanian and non-Tanzanian biologists. Information identified as inadequate and or lacking includes 1). Species 
distribution lists by habitat, elevation and related ecophysiological studies, 2) Molecular biology work relating to the 
origins and relationships of species presently found in the Kilimanjaro area. 3).Information resulting  from  detailed 
studies on individual species’ ecology 4). Disease and parasite information. It is known that globally, the chytrid 
fungus a nonhyphal zoosporic fungus, Batrachochytrium dendrobatidis and the disease it causes, Chytridiomycosis is 
decimating amphibian populations, and this has been examined for some species at some localities on Kilimanjaro. 
Do we know of other parasitic infections?  And should we regard B. d. as a major threat to the amphibians of 
Kilimanjaro? What (if any) steps can be taken to avoid our amphibian populations being affected?  5). By knowing 
species’ distributions and ecological requirements we may be able to include herps in efforts dealing with the 
monitoring of climate change on the mountain.  6). What role have humans played and do they continue to play in 
the distribution of herps on Mt. Kilimanjaro? Can studies advise managers on how best to conduct tourism such that 
herpetofaunal biodiversity will not be affected?   
 
The answers provided to these suggested studies will, no doubt, raise other questions, but they would also go a long way 
towards our understanding of the role of the herpetofauna on Mt. Kilimanjaro. 



 
Spatiotemporal analysis of drought prone montane areas using gridded Standardized 
Precipitation Index (SPI) data: A case study of the Maluti Drakensberg Mountains of South 
Africa.  
Geofrey Mukwada, University of the Free State, South Africa,  gmukwada@gmail.com 
 
Abstract: This paper uses gridded precipitation data to identify drought and flood prone areas in the Maluti-Drakensberg 
mountainous part of Free State Province of South Africa. Gridded precipitation were used to calculate Standardized 
Precipitation Index (SPI) values in order to identify areas that are potentially prone to floods and how the patterns of 
such areas vary geospatially as a result of climate change. Firstly, time series analysis was undertaken on the gridded 
rainfall data for the 1960-2015 period to determine shifts in precipitation trends. The Sequential Regime Shift Detection 
Software was used to determine the shifts and the resultant epochs were analyzed separately for geospatial patterns. 
The SPI classification system that was developed by McKeen et al (1986) was used and the geographical patterns of 
drought and flood prone areas were analyzed using ArcGIS (Version 10.3) for each epoch. A comparative analysis of the 
resultant epochs revealed an average upward temperature shift of 0.6 oC since 2003, and increased aridity within the 
region. This development needs to be factored into plans for developing mitigation measures for climate change 
adaptation within the region. 

 
 
The role of Afrotropical Montane Dung beetles on soil Macronutrient enrichment.  
Ms R A Stanbrook, Manchester Metropolitan University (r.stanbrook@mmu.ac.uk); Martin Jones, Manchester 
Metropolitan University, UK; Geofrey Wabomba Wafula, Kenya Wildlife Service and W Edwin Harris, Manchester 
Metropolitan University, UK. 
 
Abstract: Mountains, especially in the tropics, harbour a unique and large portion of the world’s biodiversity and 
provide multiple ecosystem services. Insects, particularly dung beetles are a major component of montane 
ecosystems and are demonstrated to be susceptible to changes in land use and vulnerable to the effects of global 
warming. Dung beetles provide many important soil orientated ecosystem services including soil bioturbation, 
nutrient transfer and seed dispersal. Using exclusion experiments we assessed the effects of three functionally 
different guilds containing montane endemic dung beetles on soil macronutrient enrichment within the tropical 
forests of Aberdare mountain range, Kenya. Overall, macronutrient enrichment (N,P,K,C) increased concurrently 
with body size, indicating a strong functional effect on the quantity of macronutrients passed from the dung into 
the soil during dung beetle subterranean nest construction. It is acknowledged that dung beetles with biggest body 
size undergo the greatest extinction risk.  
 
The current data highlight the importance of this guild as strong evidence was found that this guild had a 
disproportionate impact on macronutrient transfer: with almost 60% more macronutrients transferred into the soil by 
this group compared with the control. Historically, soil fertility depletion is the major biophysical cause of declining crop 
productivity and a fundamental root cause for declining food security within African highlands. This study reinforces the 
importance of interspecific variability in dung beetle functional characteristics and highlights that any loss of diversity 
may instigate some loss of functional capacity in delivering macronutrients to soils. 
 
Fog precipitation regimes across an elevation gradient in a fynbos catchment. 
Mr Abri de Buys, South African Environmental Observatory Network (SAEON), SAEON Fynbos Node, Centre for 
Biodiversity Conservation, Kirstenbosch Gardens. Private Bag X7. Rhodes Drive, Claremont 7735. Cape Town, South 
Africa South Africa, 3202 (abri@saeon.ac.za) 
 
The Jonkershoek mountain catchment in South Africa is home to an 80 year old hydrological experiment on the effects 
of pine afforestation on runoff. Fog input is a missing aspect of the hydrological puzzle in Jonkershoek, and in fynbos 
eco-hydrology more broadly, although changes in fog regimes linked to climate and land cover change have been found 
elsewhere. We present an introduction to a three year baseline fog interception data set for the Jonkershoek mountain 
catchment and describe fog regimes and associated climatology across a 700 meter elevation gradient.  
 
Fog interception was found to contribute as much as 30% of total precipitation at an average of 95 mm/month at a high 
elevation site compared to ~2% at lower elevations. Our findings suggest that the regular occurrence of fog during 

mailto:gmukwada@gmail.com
mailto:abri@saeon.ac.za


summer months may buffer high elevation sites against seasonal drought in several ways. Firstly, fog occurs more 
frequently than rain thus significantly reducing the length of dry spells. Fog is the dominant form of moisture input 
during some dry season months. Lastly, fog reduces the monthly number of dry days by up to 50% compared to rain. In 
contrast, fog interception at lower elevation sites in Jonkershoek is very limited and dry season conditions for plants 
presumably more severe as suggested by low volumes of fog interception, low interception rates during fog events and 
significantly higher mean vapour pressure deficit (VPD) conditions. 
 
Two dominant wind directions associated with different sources of fog are identified for higher elevation sites. Summer 
dry season fog is mostly associated with orographic clouds that result from south easterly winds. The base heights of 
these orographic clouds are likely influenced by temperature. Significant differences in mean vapour pressure deficit 
occur across the elevation gradient and the high elevation site experienced much more frequent periods where VPD = 0. 
We suggest that the drought alleviation effect of regular fog at this time of year may be important to plants, even if only 
as a result of transpiration suppression. 
 
Air temperatures recorded during fog suggest a threshold around 16-17oC above which fog rarely occurs. This suggests 
that an upslope migration of the 17oC threshold may spatially constrict the area in contact with fog. A reduction in 
events where temperature < 17oC may similarly result in a reduction of fog.  More fog interception occurred at night at 
our higher elevation sites whereas lower down it was approximately equal. Interception rates were similar at night and 
during the day.  
 
Our description of fog regimes across an elevation gradient demonstrated some of the spatial and temporal limits and 
climatological thresholds associated with fog, most notably the relationship between elevation and the potential of fog 
to reduce drought. We suggest that the drought alleviation potential at higher elevations is driven by south east fog. It 
follows that drivers of south east fog warrant further investigation. Studies that rely on rainfall data only when 
describing drought conditions may benefit from taking the spatially variable contribution of fog in fynbos into account, 
particularly in relation to elevation gradients. 
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Array within the Cathedral Peak Research Platform, Central Drakensberg Mountains, South 
Africa. 
Mr K Lawrence, South African Environmental Observatory Network (SAEON), PO Box 13053 Cascades, Pietermaritzburg, 
South Africa, 3202 (kent@saeon.ac.za) SAEON's Instrument 
 
Abstract: South African Environmental Observation Network (SAEON) delivers reliable long-term data for scientific 
research intended to inform government’s policies. SAEON’s mandate is to develop long-term ecological research 
infrastructure platforms that are globally competitive and relevant, centred on detecting climate change and reducing 
uncertainty of global change impacts. Drakensberg Mountain Range is South Africa’s most important source of 
freshwater, acting as the water tower of the country. South Africa is a water scarce country and there is concern about 
how climate and land use change will impact on this resource. Cathedral Peak Research Catchments, situated within the 
Central Maloti Drakensberg Mountains (uKhahlamba Drakensberg World Heritage Park) has a long-term historical 

streamflow and weather data record spanning as far back as the 1940s. SAEON’s Grasslands-Forests-Wetlands node 
has objectives to develop this site as a cutting edge global change research platform, extending the historical record and 
expanding on monitoring efforts.  
 



This research platform has been designed around the following themes - carbon, energy, water and biodiversity 
dynamics, representing key services of ecological and economic value. Instruments that support these themes are eddy 
covariance flux towers, cosmic ray probes, large aperture scintillometers, soil respiration systems, weir stream flow 
transducers, rain gauges and weather stations comprised of various sensors and probes. Technical logistical and security 
considerations in setting up such a network will be presented. Science and data products provided by the platform 

benefit specialists from various disciplines. Students benefit from the platform, using it as a living laboratory for training, 
research projects to advance their qualifications and utilising the data generated for critical analysis and knowledge 
generation. Data outputs from this platform enable improved process-based climate models to be developed and 
parameterized. It also allows for carbon, energy, hydrological and biodiversity modelling, ultimately facilitating the 
integration between these and climate models both regionally and internationally.  

 
 
Carbon Footprinting of Alternative Value Chains of Biomass Energy for Cooking around Mountain 
Regions: A Case of Moshi, Tanzania 
Mrs A.A.O.P Piemo, Center for Training and Integrated Research in ASAL Development (abbyokoko@gmail.com). Co-
Authors: Mr. Juergen Reinhard, Quantis International, Zurich, Switzerland Mrs. Susanne Wymann von Dach, Centre for 
Development and Environment (CDE), University of Bern, Switzerland Dr. Rainer Zah, Quantis International, Zurich, 
Switzerland Dr. Boniface Kiteme, Centre for Training and Integrated Research in Arid and Semi-Arid Lands Development 
(CETRAD), Nanyuki, Kenya Dr. Samuel Owuor, Department of Geography and Environmental Studies, University of 
Nairobi, Kenya Dr. Albrecht Ehrensperger, Centre for Development and Environment (CDE), University of Bern, 
Switzerland. 
 
Abstract: Mountain areas fulfil a wide range of crucial ecosystem services. However, many of them are facing 
environmental degradation due to increasing pressure on natural resources, for example on woody biomass. Due to their 
availability and affordability, wood-based biomass energy continue to play a vital role in meeting cooking energy 
demands, especially to the world’s poor population. Over-reliance on wood-based biomass energy coupled with 
population growth leads to feed-stock scarcity and deforestation; also in mountain ecosystems. If this situation is not 
checked and corrected, communities around mountain areas are likely to encroach into forest reserves to obtain 
firewood and charcoal. This is likely to increase the burden on mountain ecosystems.  
 
Currently, biomass energy production and consumption technologies are highly inefficient, requiring large amounts of 
biomass, further degrading mountain ecosystems. Therefore, it is imperative to identify alternative biomass energy 
solutions that benefit local people without harming the environment. Interventions aimed at reducing energy poverty 
must simultaneously consider solutions that might reduce peoples’ carbon footprint, i.e. their contribution to climate 
change and its impacts. Biogas, liquid biofuels, and farm residues, could help reduce pressure on woody biomass, but 
their impact on the environment has to be critically assessed. Life cycle assessment (LCA) is a technique that calculates 
the environmental impacts of products and services along their value chain. We use LCA to assess the carbon footprint of 
firewood, charcoal, biogas, jatropha oil from hedges, and crop residue briquettes in Moshi, at the foot of Mt. Kilimanjaro. 
We focus on selected technologies of production and consumption with the aim of identifying biomass energy options 
with the lowest carbon footprint. Results indicate that charcoal value chains have high carbon footprints while jatropha 
oil has the greatest potential to reduce the carbon footprint. However, the economic viability of the jatropha value chain 
is put into question.  

 
 
Theme 3: Making the case for Sustainable Mountain Development 
 
Key Note presentation: The shift of Tourism Carrying Capacity (TCC) concept from 
unidimensional approach to incorporate environmental, social and political aspect: the 
Himalayan case-study 
Dr Franco Salerno, CNR (salerno@irsa.cnr.it) 
 
Abstract: This contribution describes how the concept of Tourism Carrying Capacity (TCC) can shift from a 
unidimensional approach to incorporating environmental, social and political aspects (thus named Multiple 
Carrying Capacities, MCC). This shift is demonstrated by a study of a large, internationally popular mountain 
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protected area used by trekkers, the Mt. Everest Region (Nepal), where qualitative data collected from visitors 
was combined with environmental modeling using a participatory framework. Tourist satisfaction showed 
positive margins for further tourist industry expansion, but current environmental conditions limit growth and 
further development. Space and time dimensions were also considered. We observed that the limits on growth 
and further development can be manipulated, with a certain degree of flexibility, through investments and 
regulatory measures. We hypothesized that MCC can play an important role in the management of mountain 
protected areas only if it is viewed as a systematic, strategic policy tool within a planning process rather than as a 
unique, intrinsic number that is not modifiable. We conclude that to translate the strategy into action using 
standard measures, further investigation is needed to balance the various MCC components as a part of a 
decision-making framework that includes the integration of different cultural approaches and policy needs 
(Salerno et al., 2013).  

This contribution shows a case-study where methods and indicators to track sustainable development in 
mountain systems were fully developed. Results of this case-study were published in the Special Issue 
“Methodologies and Tools for the Management of Mountain Protected Areas: Mount Everest (Nepal, China) and 
K2 (Pakistan) Regions” published in 2010 by Mountain Research and Development.  

Further analysis of this experience allowed to develop the MCC concept with the publication of Salerno F., Viviano G., 
Manfredi E.C., Caroli P., Thakuri S., Tartari G., 2013. Multiple Carrying Capacities in the management oriented perspective 
to operationalize the sustainable tourism in protected areas. Journal of Environmental Management 128, 116-125. 
 



Watershed Services in Crisis Along the Pangani River Basin: Analysing Impacts of Water Grabbing and Foreign Direct 
Investments on Ecosystem Services Delivery 
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*Corresponding author: makarius.lalika@yahoo.com;  lalika_2mc@suanet.ac.tz 
 
1.0 Introduction 
 
For quite some time, foreign direct investments (FDIs) have been a key strategy to boost the economy in developing 
countries (World Bank, 2010; Borras et al., 2012). Majority FDI’s target African countries where there is still ample virgin 
land and fresh water (Woodhouse and Ganho, 2011; Merselli et al., 2013). However, the limited capacity to manage 
administrative and regulatory FDIs, universal land tenure uncertainty and rural livelihood insecurity necessitates the 
urgent need for African governments to be careful with land deals in areas with fertile soil and ample water. Water 
resource depletion and rising demand on limited water supplies create water use conflicts and significant deterioration 
of water and aquatic life (UNDP, 2006; URT, 2002; Lalika et al., 2015a; b; c;). Commercial pressure on land and water and 
its consequence on small farmers are among the major issues being discussed at local, national and international scale 
(Cotula et al., 2011; Rulli et al., 2012). Water has been the prime target of the continued pressures exerted by developed 
countries and international commercial firms in their acquisitions of land for FDIs on the African continent (Sulle and 
Nelson, 2009; GRAIN, 2012; White and Dasgupta, 2010).  
 
The Pangani River Basin (PRB) is a case in point when analyzing water and land deals in Tanzania. Mushrooming foreign 
companies along the PRB mainly engaged in flower irrigation are causing water stress and scarcity and substantial 
reduction of ecosystem services (ES) (Lalika et al., 2011). This situation has been worsened by policy failures to capture 
the actual value of ES (Lalika et al., 2017) and enforce clauses and conditions stipulated in signed investment contracts 
(Sulle and Nelson, 2009). Despite the presence of well-developed institutional structures and policy frameworks on 
water, National Water Policy (URT, 2002) and Environmental Policy (URT, 1997), smallholder farmers in the PRB are still 
affected by land and water grabbing malpractices. Many FDIs target fertile soil proximity to river basins with exclusive 
rights to control water as well (Arduino et al., 2012). Policy failures to regulate allocation and enhance equitable water 
distribution have been exacerbated by the increase of human population along the PRB. The repercussions of population 
increase may reflect the now classical economic theory of population growth and resource scarcity of Malthus (1798). 
Malthus feared that the interaction between people and resources (water) would mean that the combined effects of 
population growth and increasing demand on a fixed water resource base would have consequences on water stress at 
an extraordinary scale. We argue that his views hold water in today’s modern life along the PRB in Tanzania. The 
objectives of this study were: i) To determine the effect of water grabbing on crop yield along PRB; ii) To identify drivers 
for water grabbing in PRB; iii) To review and analyze land and water deals in Tanzania. 
 
2.0 Materials and Methods 
 
Location 
This study was conducted in four villages namely Patanumbe and Valesca villages in Meru District, Arusha Region; and 
Mawala village in Hai District and Ngasinyi villages in Moshi Rural District, Kilimanjaro Region along the PRB, Tanzania               
(Figure 1, below).  
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Figure 1: Location of the study area along Pangani River Basin, Tanzania 
 
 
Data collection and analysis 
We used both quantitative and qualitative research approaches to collect primary and secondary data. To achieve this 
purpose, we used structured questionnaires as the main tools to collect primary data. Other methods include: group 
focus discussions, face to face interviews, informal and formal interviews. We also searched, and reviewed relevant 
literatures on irrigated agriculture and water use conflicts.  We also reviewed literatures on land and water policy 
issues and document on land and water grabbing so as to collect secondary data. We analyzed quantitative data using 
Statistical Package for Social Sciences (SPSS) version 20.0 Later on we carried out multiple responses to obtain frequency 
and percentages of responses from smallholder farmers. We used two-tailed t-test to test of crop yield before and after 
water grabbing.  
3.0 Results 
 
Effect of water grabbing on crop yield along PRB 
The results in Table 1 indicate that mean yields and their respective standard deviations (STD) before water grabbing 
were higher than yields after water grabbing in all villages. This implies water loss due to water grabbing had negative 
effects on crop yield. Similarly, findings in Table 1 indicated that standard deviations for yield before water grabbing 
were higher than their means only in two villages (i.e. Mawala and Patanumbe).  
 
Table 1: Maize means yield before and after water grabbing (kg/ha/season) in PRB, Tanzania 

Village Maize Yield 
(kg/ha/season) 

Mean  ± STD Std Error Mean 

Mawala Before water grabbing 1479.8851 ± 
2931.02378 

544.27745 

After water grabbing 355.1724   ±  214.87831 39.90190 
    
Patanumbe Before water grabbing 846.2984  ±  

1097.74824 
167.40504 

After water grabbing 252.3643  ±  150.66079 22.97556 
    
Valesca Before water grabbing 1255.3075  ±  

663.56007 
95.77665 

After water grabbing 462.7629   ±  271.68247 39.21399 
    
Ngasinyi Before water grabbing 1067.5397  ±  

503.81690 
77.74064 

After water grabbing 480.0000   ±  237.95197 36.71679 



 
Results two-tailed statistical test to see the significance of the crop yield before and after water grabbing. We preferred 
two-tailed t-test because the assessment was from the same respondents for the two scenarios (i.e. yields before and 
after water grabbing). Results are summarized in Table 2 below. 
 
Table 2: Statistical test for crop yield before and after water grabbing (kg/ha) in PRB, Tanzania 

Village Mean  ± STD Std Error 
Mean 

t-value Sig (2-tailed) 

Mawala 746.13977 ± 
1374.81908 

108.01599 6.908 0.000*** 

Patanumbe 593.93411± 
1060.42184 

161.71282 3.673 0.001*** 

Valesca 792.54464 ± 527.68757 76.16514 10.406 0.000*** 
Ngasinyi 587.53968 ± 375.96060 58.01198 10.128 0.000*** 

*** = Significance at P < 0.001 
 
As denoted in Table 2, the mean yield before and after water grabbing was statistically significant (P < 0.001). Thus we 
rejected the null hypothesis which stated that “there was no significant difference in mean yield before and after water 
grabbing”. Results from one way ANOVA on the net loss in crop yield are displayed in Table 3. While the standard 
deviation for the net loss in Mawala and Patanumbe villages were greater than their respective means, the situation was 
opposite in Valesca and Ngasinyi villages means were greater than their respective standard deviations.  
 
Table 3: Net loss in crop yield in PRB, Tanzania 

Village N Mean  ± STD Std Error 95% Confidence Interval for Mean 
 
Lower Bound Upper Bound 

Mawala 29 485.0575 ± 
704.21555 

130.76954 217.1882 752.9267 

Patanumbe 43 562.5388 ± 
1044.37845 

159.26622 241.1265 883.9510 

Valesca 48 795.5208 ± 
528.13319 

76.22946 642.1669 948.8747 

Ngasinyi 42 587.5397 ± 
375.96060 

58.01198 470.3821 704.6973 

Total 162 624.1821 ± 
708.38435 

55.65593 514.2723 734.0919 

 
 
 
Results on statistical test about the net loss between and within villages before and after water grabbing are displayed in 
Table 4. 
 
Table 4: One-way ANOVA statistical test for net loss between and within villages in PRB, Tanzania  
 

Villages Sum of Squares df Mean Square F Sig. 
Between villages 2190236.125 3 730078.708 1.468 0.225NS 
Within villages 78600914.586 158 497474.143 
Total 80791150.711 161  

NS = Non statistical significance (P > 0.05) 
It was revealed that p = 0.225. Therefore, p > 0.05 implying that there was no significant difference in yield net loss 
between villages and within villages. Based on these findings, we accept the null hypothesis. 
 
Drivers for water grabbing  
In the PRB we identified a number of local drivers for water grabbing (Table 5). According to perceptions from 
smallholder irrigators, they include poor water governance (29.6%); corruption (27.7%); lack of transparency (19.8%); 
inadequate environmental impact assessment (11.8); lack of integrated planning (10.5); and top-down management 
approaches (0.3%). 
 
 
 



Table 5: Responses on local drivers for water grabbing in the PRB, Tanzania 
Driver  Frequency Percentage 

Poor water governance 160 29.6 

Corruption 150 27.7 

Lack of transparencies in contracts/agreements 107 19.8 

Inadequate environmental impact assessments  64 11.8   

Lack of integrated planning 57 10.5 

Top down management approaches 3 0.6 

 
At global level, drivers are displayed in Table 6. 
 
Table 6: Responses on global drivers for water grabbing  

Driver  Frequency Percentage 
Climate change and variability 153 28.5 
Global and local population growth 136 25.4 
Shifting consumption patterns 134 25.0 
Economic growth 113 21.1 

 
 
Land and water deals in Tanzania 
The study has indicated that majority of FDIs were geared towards biofuel production for filling the void of energy 
demand. During the documentary review, we found that majority of FDIs engaged on large scale plantations of jatropha, 
sugarcane, Aloe vera, oil palm, flowers, white sorghum and Croton megalocarpus. Believers of the FDIs assert that these 
investments would have positive outcomes to agricultural production, add value to local products and markets and 
improve social services.  Nevertheless, we found that that problems tied with FDIs outweigh the perceived benefits. 
 
4.0 Conclusions 
Foreign direct investments (FDIs) have potential contribution to development especially where the central government 
and private sector lacks sufficient capital and skilled labour. Nevertheless, the current study has demonstrated that FDIs 
are exploitative in nature and influence water grabbing along the PRB. The significant influence of water grabbing on 
crop yield before water grabbing is an indicator of the negative effects of FDIs to smallholder irrigators. This testifies that 
the perceived positive expectations from FDIs are outweighed by the actual negative outcomes.  
 
The current study has revealed that drivers for land and water grabbing displayed are influenced by policy failures, poor 
governance, and lack of patriotism and among officers responsible for laws and regulations enforcement. Therefore, 
these negative outcomes and failure to oversee their responsibilities calls for enforcement of policies, laws and by-laws 
in order to off-set the drivers and negative effects of land and water grabbing. Contracts signed between the government 
and foreign investors doesn’t adhered to clauses outlined in national policies are violated and corruption sums up the 
problems facing land and water deals. Adjusting land laws, policies, by-laws and enforcing them to benefit smallholder 
farmers would bring about a win-win situation between villagers and foreign investors. This would also remove features 
of neo-colonialism (e.g. land alienation, forced labour, bad working conditions and discrimination) which are witnessed in 
majority of large scale plantations along the PRB. 
 
Investments involving land and water in Tanzania have so far created more problems (conflicts) than the expected 
benefits (such as employment and community welfare). Majority of FDIs has jeopardized the security of tenure and the 
national interest as well. Lack of transparency and accountability in contract negotiations has created loopholes for 
corruption. Based on the above results and discussions, we recommend enforcement of Land policy, Land use Act and 
the Village Land Act; implementation of investments aimed at improving food security; transparency in land acquisition; 
and investments that aim at ensuring the social security and remove vulnerability to water grabbing problems. 
Furthermore, we recommend FDIs to assist local communities to explore ground water, rainwater harvesting, and 
construction of water reservoirs. 
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The famous afro-alpine giant lobelias revisited: test of species delimitations and suggested 'sky 
island' speciation processes using AFLP markers 
Catherine Masao (ndeutz@yahoo.com), University of Dar Es Salaam, Tanzania 
 
Abstract: The giant lobelias are famous landmarks of the unique afro-alpine ecosystem and used as a classic 
example of extensive intermountain vicarious speciation among the isolated high mountains in East Africa and 
Ethiopia. It has however been suggested that the frequency of speciation following geographic isolation in the 
afro-alpine flora is overestimated and led to over-description of species, and that interspecific hybridization also 
played a role in speciation. Amplified fragment length polymorphism (AFLP) markers were used to test species 
and subspecies delimitation based on morphology as well as suggested intermountain speciation patterns and 
hybrid speciation in the giant lobelias. Fresh material was collected during range-wide field surveys. Six hundred 
and eighty nine (689) individuals from 154 populations of 13 of the 14 described species in Unbranched 
Inflorescence clade for 1168 AFLP markers were analyzed. It was found that all currently morphology-recognized 
species and several subspecies were genetically distinct. The relationships between species inferred from the 
primarily nuclear AFLP data were, with some notable exceptions, consistent with relationships earlier inferred 
from morphology and/or plastid DNA restriction site polymorphisms. High-altitude-restricted species were 
intermixed with species occurring in the forest zone in the AFLP-based tree, supporting a main scenario of initial 
expansions of ancestral forest populations followed by parallel high-altitude adaptation and speciation in 
different mountain groups.  
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The results did not support the proposed instances of hybrid speciation: L. bequaertii grouped with the other 
Western Rift endemics, suggesting that its morphological and ecological similarity to the Deckenii group of the 
Eastern Rift is caused by parallel evolution rather than hybridization. Lobelia bambuseti formed a lineage distinct 
from its proposed progenitor species L. aberdarica and L. giberroa. The two most distinct intermountain vicarious 
patterns among the giant lobelias were primarily high-alpine and found to have formed independently in some of 
the same Eastern Rift mountains: 1) the classical example of the Deckenii group (excluding L. bequaertii) with 
three distinct species, one of them with three distinct subspecies, and 2) L. telekii, with three distinct but hitherto 
undescribed intraspecific lineages. 

 
Is Table Mountain in Cape Town, South Africa, an example of a sustainably managed mountain? 
Dr SJ Taylor, AfroMont (staylor@zoology.up.ac.za), Centre for Environmental Studies (CFES), University of Pretoria, 
South Africa. 
 
Abstract: One of the challenges of our time is to achieve sustainable development. Linked to this is the search for 
'sustainable mountain development (SMD), yet researchers investigating SMD and sustainable mountain 
governance in Africa struggle to identify good examples of ‘sustainably managed mountains’. Table Mountain in 
Cape Town is surrounded by urban development, yet valuable as a southern element of the Cape Floristic Region, a 
globally important biome. The mountain is also an important tourism asset. Money spent on mountain 
management is offset by the huge tourism earnings focused on the charismatic mountain. Table Mountain is 
protected as a National Park, a World Heritage Park and one of the Seven Wonders of the Natural world, yet needs 
constant management attention to preserve its natural assets. There are many threats to the biodiversity on the 
mountain, specifically alien invasive vegetation. With the ongoing intense management attention to protect this 
environment, yet use it sustainably (through tourism), could Table Mountain and the Table Mountain National Park 
(TMNP) (22 000 hectares) in Cape Town, South Africa, be considered eligible as a case study for sustainable 
mountain development?  Further investigation would be needed to understand the factors that either promote or 
inhibit good mountain governance in the Cape Peninsula and Table Mountain. 
 
Factors favouring sustainable mountain development and good governance include:  
• Mountain nation is signatory of UN CBD, UNFCCC,UNCCD  
• Effective hierarchy of environmental policy, legislation, regulations, bylaws  
• Awareness, compliance and enforcement 
• Stakeholder engagement, transparency, active public interest , strong NGO activity 
• A management plan 
• Effective and ambitious protected area management 
• Management capacity and skills 
• Benefits are shared 
• Non-consumptive uses predominate 
• Funding for monitoring and research 
• Funding for operational and capital expenses 
• Corridors in the landscape and other biodiversity interventions and concessions (effective land use planning) 

 
Factors entrenching unsustainable natural resource use and poor governance include: 

• ‘Fragile’ national state, poor governance overall 
• Elite capture, corruption, lack of transparency 
• Signatory of UNCBD, UNFCCC,UNCCD and others, but on paper only 
• Environmental legislation may exist, but not enforced 
• Management of mountain landscapes not adequately funded by national government (reliance on donor 

funding) 
• Protected areas management not effective, under-resourced 
• Huge poverty and predominance of subsistence survivalist livelihoods 
• Direct, consumptive reliance on the mountain landscape for rural livelihoods 
• Ad hoc land use change, no protocols or manpower, lack of science-based decision making to manage this 

process or record decisions 
• Little funding for monitoring and research 
• Challenges with land tenure and property registers, informal community ownership 

 
Sound mountain governance requires supporting Acts of Parliament to establish credible management authorities (Water 
Boards, Catchment Management Agencies, National Parks Boards etc.) and a suite of legislation to be in place, along with 
compliance and enforcement mechanisms (trained staff and resources). Other activities like stakeholder involvement, the 
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development of a science-based management plan and research are all vital in managing land with various natural 
resource values (see explanatory diagram below). 
 

 
 

 
 
Mountain-based route tourism and sustainability in a developing country. A case study  of the 
Maluti route on the Drakensberg Mountains in South Africa 
Ms S. Mutana, University of the Free State (Qwaqwa Campus) (mutanasimangos@gmail.com), University of the Free 
State, South Africa. 
 
Abstract:  The practice of sustainable tourism along mountain routes is an interesting subject of discourse due to the 
immense potential of mountain tourism in general and the fragility of mountain environments whose limiting nature 
imposes a unique approach to tourism practice. This study applies the Global Sustainable Tourism Criteria (GSTC) 
(2015) to the practice of route tourism along a mountain based route in the Drakensberg Mountain. The study was 
carried out among tourism businesses located along the Maloti route as it passes though the Eastern Free State 
Province of South Africa with the aim of assessing the sustainability of tourism practiced along this fragile 
mountainous route. It is concluded that whereas the industry players have implemented some sustainable tourism 
practices, there is no visible pattern in sustainable tourism, management due to a lack of a shared sustainable 
tourism approach between the businesses, the government departments and the local communities. 

 
 
The expected effect of climate change on the survival of a mountain lizard Pseudocordylus 
melanotus. 
Vonica Perold1, Willem Ferguson1 and Luke Verburg2 
1Centre for Environmental Studies, Department of Zoology and Entomology, University of Pretoria, Pretoria 0002, South 
Africa 
2Enviro-Insight CC, Unit 8, Oppidraai Office Park, 862 Wapadrand Road, Wapadrand Security Village, Pretoria 0050, 
South Africa 
Abstract: Atmospheric heating due to global climate change is expected to affect the survival of many plants and animals 
and cause loss of global and local biodiversity through changes in the ecology of fauna and flora. Sinervo et al. (2010) 
predicted that by the year 2080, 40 % of global lizard populations and 20 % of all lizard species may be extinct. Changes 
in environmental temperature influence species distributional ranges. They respond by either migrating along with the 
shift in ecological zones or adapting to the new environmental conditions within a habitat. If neither adaptation nor 
migration is possible, local extinction of the species can result. Mountain-top restricted lizards are at the limit of their 
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altitudinal distribution and migration to higher altitudes is impossible. Those species unable to migrate or adapt to the 
changes in environment due to climate change face a high risk of extinction (Raxworthy et al., 2008). The study was 
performed at Mariepskop Mountain, South Africa. The Drakensberg crag lizard Pseudocordylus m. melanotus was 
restricted to the highest altitudinal habitat > 1 829 m asl. on top of the mountain and thus an ideal subject to study the 
effects of increased temperature due to climate change. 
 
The Drakensberg crag lizard is a diurnal, rupiculous, sit-and-wait forager living in rocky outcrops at high altitudes in 
mountainous areas and adapted to colder temperatures (Branch, 1998; McConnachie, 2006). Ectotherms like the crag 
lizard rely on the external thermal environment for thermoregulation. The ecology, physiology and behaviour of reptiles 
are highly influenced by body temperature and availability of microhabitats meeting their thermal requirements is 
essential for thermoregulation. The lizard thermoregulates by shuttling between exposed rock surfaces for sunbasking 
and sheltered rock crevices acting as buffers for cooling. At high ambient temperatures, the lizard shows signs of heat 
stress and has to curtail feeding and breeding activities in order to thermoregulate, thus decreasing resource acquisition 
with potentially negative impacts on survival (Fei et al., 2012).  
 
Behavioural observations of 10 focal lizards allowed us to calculate diurnal summer activity profiles for this species by 
recording the time in minutes spent on sunbasking and time spent inside a crevice. The activity profiles were used to 
quantify time available, below a thermal limit, for the lizard to be active. For this study, the upper thermal limit was 
taken as 35 ˚C (Tmax) based on laboratory experiments performed by McConnachie 2006. To quantify temperature, we 
recorded operative temperature (Te) using copper models of the lizards following Bakken and Gates (1975). Operative 
temperature is the temperature of an inanimate object with zero heat capacity sharing the same size, shape and 
colouration of the experimental animal exposed to the same microclimate (Bakken & Gates, 1975; Wilms et al., 2011). 
Copper models were positioned on rock surfaces in full sunlight and in close proximity to inhabited crevices. Operative 
temperatures (Te) were recorded with iButtons inserted in the copper models. Activity profiles were related to operative 
temperature data and diurnal activity time budgets were calculated based on available time (minutes) during the day 
below the upper thermal limit of 35˚C. To predict the effect of future climate change on the species, laboratory 
experiments were conducted to simulate current and future temperature increases at fixed insolation intensities of 600 
and 1 100 W/m2 and 0.5m.s-1 wind. At current climatic conditions with 1 100 W/m2 insolation and 0.5 m. s-1 wind, the 
lizard had 189 minutes of diurnal activity time available (Fig. 1). For current climatic conditions at 600 W/m2 insolation, 
the lizard has a total of 296 minutes diurnal activity time available (Fig. 1). Simulating future climate change scenarios 
indicated that with a 1˚C increase, a 9 % reduction in total diurnal activity time (time Te < 35˚C) will occur (Fig. 1). With a 
further 2 ˚C increase, a 17 % reduction in available activity time will occur (Fig. 1). This small reduction in available diurnal 
activity time is unlikely to have a significant impact on foraging and breeding activity.  
 



 

Figure 1. Comparing the diurnal activity time (minutes) available where Te < 35˚C for current, 1˚C and 2˚C future 
temperature increases using two simulations (1 100 W/m2 and 600 W/m2 insolation with 0.5m.s-1 wind). The reduction in 
fraction of activity time (minutes) < Tmax between current and future scenarios indicated on top of each bar. 
 
Quantifying the exact magnitude of the impact of future climate change on the survival of the Drakensberg crag lizard is 
difficult as there is a large pool of variables that need to be considered and quantified. Long-term ecological changes in 
vegetation and rainfall and the effect of future climate change on effective insolation and wind speed needs to be 
investigated. However, using the information gathered in this study we can make tentative predictions regarding the fate 
of the Drakensberg crag lizard. Temperature increases in the order of two degrees Celsius are expected to have relatively 
little effect on the survival of the lizards. However, temperature increases in the order of five degrees Celsius are 
expected to greatly reduce diurnal activity time available to the lizard and thus strongly affect the ability of these animals 
to find food and mates. This suggests that the short term effects of climate change on these animals is negligible but that 
the long term effects are likely to be strong. The prediction of the effects of temperature change by itself does not 
include the potential changes of cloudiness and albedo with climate change, complicating the confidence with which 
predictions can be made about the effect of climate change on plants and animals. 
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Theme 4: Effective mountain governance – what is needed? 
 
Keynote presentation: African Mountains Governance: Promoting Participation and Integration 
to Enhance Effectiveness 
Boniface Kiteme, PhD. Director, CETRAD-Kenya; and UNESCO Chair on Natural and Cultural Heritage for Sustainable 
Mountains Development. b.kiteme@africaonline.co.ke 
 
Africa Mountains are under heavy pressure with serious natural impacts – volcanoes, earthquakes, landslides, reducing 
snow cover, etc. - and human impacts – encroachment, deforestation, loss of biodiversity, water degradation, human-
wildlife conflicts etc. – which threaten their very immense significance as sources of livelihoods, cultural heritages and 
natural beauty, and in provision of ecosystems services.  
 
 
 
 
 
 
 
 
 
 
Concerned with the implications of these threats and impacts, African governments and non-government initiatives 
have crafted a variety of governance frameworks – institutions, laws and policies – and implemented a wide range of 
conservation and management programmes at different levels and scale across the continent. However, the outcomes 
of these efforts have largely been discouraging because the pressures and threats continue to persist and the 
contribution of African mountains to sustainable development remain wanting, pointing to their inherent weaknesses, 
majorly arising from their use of ineffective approaches, lack of integration of policy and legislative integration, and 
inadequate participation by crucial stakeholders, including local populations.  
 
This talk makes a critical review of these issues; and uses the Mt. Kenya Ecosystem, considered as a typical example of 
an important water tower that provides lifelines to over ten million people in the immediate adjacent areas and the 
vast resource poor dry lowlands; that has undergone dramatic land use transformation and witnessed deteriorating 
ecosystem health over the last one century and has to accommodate heavy pressures from rapidly growing population 
and weighty competing claims; and that falls under a complex administrative set-up which has experienced an 
interesting evolutionary governance process characterized by unending conflicts of interests arising from overlapping 
and contradicting institutional mandates and functions. The paper makes a critical review of African mountains 
governance and confirms an interesting revelation with fundamental implications: no African country or regional block 
has drawn any specific Sustainable Mountains Development Policy to promote effective management and governance 
of African Mountains. 
 
 
 
 
 

The Katse Dam, part of the Lesotho 
Highlands Water Project: Photo from 
UNEP Atlas 2015 
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While most governance systems and associated intervention programmes are to some extent inclusive, multi-level and 
multi-stakeholders based, and are largely comprehensive – major sectors and critical management aspects are covered; 
they still remain grossly externally driven and heavily depended on sector based policy frameworks and legislative 
instruments to implement; are largely conservation and protection biased, whereby the large development agenda is 
only addressed as a peripheral issue; and are llargely territorial based in set ups that all territorial governance units are 
based on existing administrative units that cut across ecosystems/sub-ecosystems units resulting to divergence of 
interest and claims among different administrative authorities and stakeholders. All these combine to compromise Africa 
mountains governance systems and render most intervention programmes and approaches ineffective. 
 
The talk concludes these discussions by suggesting concrete measures required to enhance the effectiveness of African 
mountains governance in order to reverse these worrying trends. While these cannot by any means be considered 
exhaustive they nevertheless provide useful starting departure points to promising pathways to guide to the next level 
the agenda for sustainable mountains development in the continent: Firstly there is urgent need for all African countries 
blessed with these special mountain ecosystems to commence with an accelerated pace the process to harmonise, 
integrate and consolidate the many existing and actively promoted sector based policies and legislative instruments into 
a solid Mountains Specific Development Policy Framework based on the principles of participation, empowerment, 
equity, and good governance. Secondly, and most important is, while in the process of developing such policy 
frameworks, to give due consideration of the emerging dimensions in land governance that necessitate the partial shift 
from ‘territorial’ to ‘flow-centred’ approaches.  
 
The recently established UNESCO Chair on Natural and Cultural Heritage for Sustainable Mountains Development 
commits to aggressively promote the realization of this process. 

Key words: African mountains, Governance systems, Mt. Kenya Ecosystem, UNESCO Chair. 
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A Model of Sustainable Mountain Governance in Africa. 
Kablan Effoussou1,2,  Sue Taylor1 , Saliou Niassy2 : 1AfroMont Programme, Centre for Environmental Studies (CFES) 
University of Pretoria. 2Postgraduate School of Agriculture and Rural Development University of Pretoria, Private Bag 
X20; Hatfield 0028, South Africa.  
 
Abstract: Mountains are very important assets for the continent. They provide natural resources, and shelter for both 
human and wildlife, regulate climate. However; African mountains are facing various challenges; in addition to climate 
change which causes a lot of degradation, disasters and risks, agricultural based investments also threatens the 
mountains. The rush for land which was triggered by 2008 economic crisis resulted in rapid large scale land acquisitions 
(LSLA) in the global south. Africa is the most targeted continent and LSLA occur in areas with high agricultural 
potentials such as mountains.  If no actions are taken to reverse this phenomenon, the future contribution of 
mountains might be jeopardised. The objective of this research is to identify a standard model of informed mountain 
governance based on available data. In order to achieve that, revision of the various forms of governance of African 
mountains need to be done.  This will take into account the multidimensional nature of mountains (social, cultural, 
economic and environment), the stakeholders and strengthen and promote a sustainable, inclusive model of 
governance. Using available data on LSLA, visualise land acquisition over the past fifteen (15) years in mountain 
regions, considering the variability of LSLA (agriculture, energy, renewable energy, tourism, forestry, and conservation), 
the drivers (water, ecosystem). The outcome of this study is to identify the most vulnerable/ stable African mountains 
based on indicators to be defined and propose sustainable solutions for the future.  

 
 
Is the Agricultural Extension officer adequately influencing climate change adaptation 
behaviour among the mountain farmers of QwaQwa?  
Dr L.P.M Makaba, University of Free State (lebomakaba@gmail.com), Co-Author: Prof Geoffrey Mukwada  
 
Abstract: Access to extension services enhances farmers’ adaptive capacity to climate change and variability. This study 
examines the role of the agricultural extension services in assisting farmers to adapt to climate change in the mountain 
area of QwaQwa. The study utilises responses from questionnaires, focused group discussions and in-depth interviews 
regarding the measures that agricultural extension officers in QwaQwa are taking to help subsistence farmers cope 
better with climate change. The results indicate that the extension officers have had little influence on the farmer’s 
adaptive behaviours as 62% of the farmers had not received any extension services. Generally, the farmers rely on a 
limited range of adaptation methods, all of which are based on the application of irrigation or water conservation 
techniques. The results also indicate the need for equipping the extension officers with information about climate 
change. The research thus concludes that the Department of Agriculture needs to intensify training of extension 
workers on climate change and ensure that farmers have access to non-formal agricultural education that is much 
more inclusive of climate change, especially in consideration of the further challenges posed by the nature of the 
mountainous environment that the farmers operate in. 
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The Vhembe Biosphere Reserve Invasive Species Working Group: putting Biosphere Reserve principles into action 
Catherine Vise, PhD Candidate, SARChI Chair on Biodiversity Value and Change in the Vhembe Biosphere Reserve, 
University of Venda 

 
Abstract : Biosphere reserves are places where people and nature come together; they are designed to get local 
people engaged in conserving biodiversity while still fulfilling their needs through sustainable livelihoods. Under 
UNESCO’s programme, biosphere reserves aim to balance socio-economic development of local communities with 
biodiversity conservation (Makenzi 2013). The UNESCO Man and Biosphere Programme actively promotes 
collaboration across stakeholder groups and co-management of resources in a transdisciplinary social-ecological 
context. An important aspect is connectivity between human livelihoods and nature (Pool-Stanvliet 2013). Biosphere 
Reserves function through three core areas of Conservation, Development and Logistical Support including research, 
monitoring of issues and establishing demonstration projects (Makenzi 2013). They are structured in three zones being 
core, buffer and transition zones. Land use objectives are set for each zone, and will generally include areas under 
formal protection, such as National Parks, as the core zone. These areas will be priority areas for conservation of 
biodiversity. A buffer zone may border these areas and also prioritize conservation, however allow for some forms of 
development to take place. The transition zone will fill the remaining area of the Biosphere Reserve, and is where 
sustainable development is actively facilitated (SEF 2016). The objective of demonstration projects is to utilise the 
landscape and the project to build models for sustainable development and management issues that could be applied 
elsewhere. Biosphere Reserves are also viewed as testing grounds for the implementation of international conventions 
such as the Convention on Biological Diversity, and Sustainable Development Goals (UNESCO 2016). 

 
Biodiversity is key for the resilience of ecosystems and the services they provide which contribute to human livelihoods 
(Cadman et al. 2010). However, biodiversity is under threat by number of global drivers, including land use change, 
climate change and invasive alien species (MEA 2005). Invasive species are widely recognized as the second biggest 
global threat to biodiversity, after habitat destruction (van Wilgen et al. 2008). Invasive alien species can have 
detrimental impacts on ecosystems, and on the provision of essential ecosystem services (Pejchar & Mooney 2009), as 
well as having major economic consequences (van Wilgen et al. 2001). Invasive alien trees can change ecosystem 
structures, altering nutrient levels, fire regimes and vegetation structure. As a consequence, this would impact on 
native biodiversity and human livelihoods and wellbeing (van Wilgen et al. 2008). Alien plant invasions, particularly in 
riparian zones, also have major impacts on water security (Le Maitre et al. 2015). These impacts could be much higher, 
at greater cost to the environment and ecosystem services, should invasive plants be allowed to occupy the full extent 
of their potential range (van Wilgen et al. 2008). As a consequence of their recognised impact on ecosystems, both the 
Convention on Biological Diversity and the Sustainable Development Goals have set targets for the identification and 
management of invasive alien species (CBD Secretariat 2016). 

However, many invasive plant species also provide beneficial ecosystem services, from both formal plantations as well 
as utilising invasive stands of certain species (de Wit et al. 2001). These benefits include the provision of fibre, building 
materials, and fuel. Other value is found in carbon sequestration, erosion control, and providing aesthetic value and 
shade (Dickie et al. 2013). This leads to a conflict of interests between organisations or individuals that assign a 
commercial value to the benefits of invasive species, and conservationists interested in the  preservation and 
protection of ecosystems (de Wit et al. 2001; van Wilgen & Richardson 2013). This highlights the need for effective 
stakeholder engagement, to be able to balance stakeholder needs while fulfilling conservation objectives. 

Research has identified key focus areas needed for the management of invasive species, with particular reference to 
protected areas. These include understanding the dynamics of invasions, the need for species lists and assessments of 
abundance and distribution within protected areas, the need for stakeholder engagement and capacity building 
through working groups and the need to bridge the science-society gap, so that knowledge can be transferred and lead 
to more effective implementation (Foxcroft et al. 2013). In particular, there should be an increased outreach through 
participation of stakeholders and practitioners in the research process from an early stage to ensure that the research 
feeds back to the needs of society (Fischer et al. 2015; Biggs et al. 2012). This can be achieved through core themes of 
stakeholder engagement which include participation, collaboration and communication. 

There is a strong alignment of these focus areas identified above with principles of Biosphere Reserves, for 
demonstration projects being implemented. This also aligns with the principle of using Biosphere Reserve 
demonstration projects as models for implementing international conventions and targets. 



In response to these identified focus areas and Biosphere Reserve principles, the Vhembe Biosphere Reserve (VBR) has 
started an Invasive Species Working Group. The VBR is located in the far northern part of South Africa, in Limpopo 
Province, and spans approximately 32 000km2. It is an area rich in biodiversity with high species endemism, in 
particular along the Soutpansberg Mountains (SEF 2016). This biodiversity is also under threat due to the presence and 
spread of invasive alien plants. The VBR Invasive Species Working Group seeks to put BR principles into action for the 
effective management of invasive species in VBR. This group consists of multiple stakeholders from different sectors, 
including Government, NGOs, Private Sector and a number of research institutions including two Universities. Whilst 
still in its infancy, the group has facilitated the co-design of objectives and research questions on invasive species 
management specific to local needs, as well as collaborative invasive alien plant mapping within Vhembe Biosphere 
Reserve.  The main objective of this group is to facilitate capacity building in invasive species management, through 
bringing society, Government and researchers together to identify locally specific needs. Members of this group are 
connected to a variety of different local networks, and as the group progresses it will be using these local networks 
both for collection of data and for dissemination of research findings and other useful information with regards to 

invasive species management in VBR. The VBR IS Working Group is shown below. 
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Microbial ecology of soil ecosystems: from hot to cold and dry to wet… 
Don A. Cowan, Centre for Microbial Ecology and Genomics, University of Pretoria, Pretoria, South Africa  
don.cowan@up.ac.za 
 
Abstract; Desert soils represent some of the most extreme environments on Earth.  Their exposure to extremes of 
temperature, desiccation and physical instability, together with oligotrophy, elevated salinity and oxidative stress, 
have led researchers to assume that such systems would support low diversity and highly homogenized microbial 
communities with limited capacity to adapt to changes in environmental conditions. 
 
Our studies of the microbial ecology of a variety of open soil and niche habitats in hot (Namibian) and cold (Antarctic 
Dry Valley) desert ecosystems have provided some understanding of the structure, function and evolution of microbial 
communities in these hyper-arid edaphic environments. Using a set of modern metagenomic, meta-transcriptomic and 
bioinformatics methods, together with physicochemical and micro-environmental data across a range of different 
environmental transects, we have demonstrated that these microbial communities are more diverse, responsive and 
adaptive than previously thought, and that the drivers of community structure are extremely complex. 
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Symbionts and changing environment: Lichen diversity and photobiont associations in tropical 
mountain ecosystems  

Dr. Ulla Kaasalainen (Finnish Museum of Natural History, University of Helsinki, Finland) 
Dr. Andreas Hemp (University of Bayreuth, Germany) 
Dr. Neduvoto Mollel (Tropical Pesticide Research Institute, Tanzania) 
Prof. Dr. Jouko Rikkinen (Finnish Museum of Natural History and Viikki Plant Science Centre, University of Helsinki, Finland) 
 

Epiphytes comprise a significant component of biodiversity and biomass in tropical forests. They are ecologically important 
in intercepting and retaining moisture, providing habitat and food for invertebrates, and contributing fixed nitrogen into 
the ecosystem. Lichens are mutualistic symbioses between lichen-forming fungi (mycobionts) and algae and/or 
cyanobacteria (photobionts). Most lichen mycobionts are specific in their photobiont choice and the local availability of 
compatible photobionts may limit their ability to disperse into new habitats.  

The aims of this study are to 1) provide the first account of lichen symbiont diversity in tropical mountains, with focus on 
changes along topographic gradients, and 2) elucidate the effects of human induced environmental change to lichen 
symbiotic organisms, including the effects of expansion of agricultural and other disturbed ecosystems, and changing 
climate. The results will significantly improve our understanding of tropical biodiversity since so far very few studies with 
modern molecular methods have dealt with lichens of East Africa. We will also compare the lichen biota of Mt. Kilimanjaro 
to those of other East African mountains1.  

Lichens, bryophytes, and free-living cyanobacteria and green algae are recorded along a natural environmental gradient of 
the southern slope of Kilimanjaro, including all main ecosystem types. The sampling is focused on study plots established 
by the KiLi project2. The collected specimens will be studied microscopically, with chemical analyses, and DNA methods.  

So far, we have sampled several plots within the natural savanna, maize fields, grassland, and Chagga homegardens (3–5 
sampled plots per ecosystem type). The specimens have been studied microscopically. In all studied plots, lichens mainly 
occur epiphytically on shrubs and trees. The preliminary results show that clear differences exist in lichen biota between 
different ecosystem types. Lichen abundance seems to correlate primarily with presence/absence of woody plants, species 
composition with the climatic variables, and overall lichen diversity with substrate variability.  

In savanna,  small and adnate foliose lichens are well represented. Typical examples are various species of the family 
Physciaceae (e.g. Physcia, Pyxine, Dirinaria, and Heterodermia spp.). Additionally, several species of Collema, some 
parmelioid genera (Bulbothrix, Parmotrema) and Candelaria concolor are frequent. In many places, the maize fields  now 
replace the natural savanna. Due to the lack of woody plants, also epiphytic lichens are largely missing from these 
environments (three out of the four investigated plots did not have any macrolichens). 

Both foliose and fruticose lichens are present in grassland habitats. Like in all other ecosystem types, the abundance of 
epiphytic lichens is largely dependent on the presence of woody plants and varies greatly between different study plots. 
Typical lichen families in these habitats are Parmeliaceae (e.g. Parmotrema, Hypotrachyna, Usnea spp.) and Physciaceae 
(e.g. Heterodermia, Physcia, Pyxine, Dirinaria spp.). Also, several species of Ramalina and Teloschistes are frequently found. 
(Fig. 1) 
 

                                                           
1 Kaasalainen et al. Photobiont-mediated cyanolichen guilds in a tropical biodiversity hotspot. Sci Rep (in review). 
2 https://www.kilimanjaro.biozentrum.uni-wuerzburg.de/Default.aspx 



 
Figure 1. Lichens from grassland and Chagga homegarden habitats on Mt. Kilimanjaro. A) Ramalina celastri, B) Ramalina 
africana, C) Teloschistes chrysophthalmus, D) Parmotrema sp., E) Parmotrema reticulatum, and F) Dirinaria coccinea3. 
 

In the Chagga homegardens, foliose and fruticose lichens are abundant and diverse especially in the higher canopy. The 
most prominent families include Parmeliaceae (e.g. Parmotrema, Hypotrachyna, Usnea, and Punctelia spp.) and 
Physciaceae (e.g. Heterodermia, Physcia, and Pyxine spp.). Additionally, several species of Ramalina and Teloschistes are 
common, as well as many cyanolichens, including species of Leptogium, Collema, Crocodia, Sticta, Lobaria, and 
Coccocarpia. (Fig. 1) 
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Post conference tour 25.02.2017 
Chagga Home Gardens, Mt Kilimanjaro and visit to Lake Chala 
 

Mt. Kilimanjaro is one of the most densely populated areas in Tanzania, largely because of the ecological and 
economic success of the Chagga agricultural cropping system. The home gardens enable farmers to sustain 
production with a minimum of external inputs, and they thus provide a good model of land use for extrapolation to 
other areas with similar ecological and socio-economic characteristics. The south-eastern and eastern slopes of Mt 
Kilimanjaro are characterized by intensive smallholder production of both subsistence and cash crops. Individual 
homesteads are densely grouped and food crops are grown under the canopies of banana and coffee. In addition, 
there are state-owned coffee estates and farms. The drier northern and western slopes are used mainly for 
extensive grazing by the Masai.  

The intensive cropping system of the Chagga involves the integration of several multi-purpose trees and shrubs with 
food and cash crops and livestock on the same unit of land. The Chagga are Bantu speakers descended from various 
tribes who migrated into the once-forested foothills of Mt. Kilimanjaro, and who began the process of cultivating the 
native forest. Trees that provided fodder, fuel, and fruit were retained while the less useful ones were eliminated 
and replaced with new tree and crop species. The Chagga home gardens are often cited as an example of sustainable 
land use, although the system is now under pressure because of changing demographics in the area.  

                                                           
3 Identification and naming based on Swinskow & Krog, 1988: Macrolichens of East Africa (British Museum, 
London). 



http://archive.unu.edu/unupress/food/8F073e/8F073E06.htm 

Lake Chala is a crater lake on the borders of Tanzania and Kenya, and on the eastern edge of Mount Kilimanjaro not 
far from the town of Moshi. Depending on the time of year, the colour of the water ranges from deep blue to 
turquoise and green. The lake is surrounded by a 100m high crater rim. The lake is fed by groundwater flows, which 
come from Mount Kilimanjaro, fed at a rate of about 10 million m³/year. 
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