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Hence, their distribution is highly regulated by predation risks (Theuerkauf & Rouys, 2008). 

In selecting areas with no predation, animals use various cues like predator scat, olfactory 

cues, sight and habitat visibility (Kuijper et al., 2014). Areas around grazing lawns are highly 

preferred by ungulates because they are flat, and predators or any danger can easily be seen 

from a distance (Hempson et al., 2015) providing a high degree of security to ungulates. 

Furthermore, areas around termite mounds are used by ungulates to scan the environment for 

possible predators (Mayengo et al., 2020). Groups of ungulates in various ecosystems tend to 

develop unique combination of body size, gut morphology, social structure (solitary or 

gregarious) and foraging strategy (grazer, browser and mixed-feeder)  (Schuette et al., 2016).  

Clearly, among the challenges for conservation programs in African protected areas is an 

accurate assessment of populations of larger mammals (Waltert et al., 2008) and their diet 

preferences, which is crucial both for monitoring success of existing management actions and 

for formulating future management options (Caro, 2008; Waltert et al., 2008). Currently, 

Tanzania is facing increasing wildlife conservation challenges, such as encroachment into 

protected areas, loss of wildlife habitats and illegal resource harvest (TAWIRI, 2015). All 

these challenges together have resulted in wildlife population declines. However, few 

ecological and behavioral studies of mammals other than chimpanzees have been conducted 

in miombo ecosystems (Iida et al., 2012). Hence, more scientific information is needed in 

less studied areas like in western Tanzania on how to improve conservation efforts of various 

natural resources found in this ecosystem (TAWIRI, 2015). 

 
Figure 1: The cause-effect relationship diagram of nutrient depositions around hotspot 

areas 
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converted into food producing areas to support a rising human population and their domestic 

ungulates (Frank et al., 1998).  

Various factors like climate, soil type, grass species and grazing can affect dynamics of 

nutrients (Silveira et al., 2012). Up to now, few studies have combined ungulates and nutrient 

re-distribution (Moe & Wegge, 2007) that might improve grazing management and nutrient 

availability in grazing areas (Haynes & Williams, 1990). Re-distribution extent to nearby 

soils usually depends on nature of the mounds, soil erosion as well as nutrient leaching rates 

(Holt & Lepage, 2000). Re-distribution rates can also be triggered by ungulates as agents 

from one area as they excrete in resting or sleeping sites (Frank & Evans, 1997; Jewell et al., 

2007; Singer & Schoenecker, 2003 & Veldhuis et al., 2016). However, there is little evidence 

on whether the approximate foraging location from where they were deposited.  

1.3  Rationale of the study  

Only few studies have been done on the dynamics of various elements such as C, N and P in 

termite mound soils compared with controls (López-Hernández, 2001), with no literature in 

Miombo ecosystem.  Hence, there is a need for understanding the ecological importance of 

termite mounds (Jouquet et al., 2016) especially in miombo ecosystem. To date in Western 

Tanzania no study has identified whether termite mounds are important for ungulates in this 

miombo ecosystem. Furthermore, no study has identified, which ungulate species in this 

ecosystem are strongly attracted to these termite-shaped features. This study will fill the 

existing gap in miombo ecosystem.  

Furthermore, grazing lawns patches have also been observed in Issa valley but no study has 

identified which animal species use these sites and what makes the lawns so attractive for 

ungulates in this miombo ecosystem. This study will show different ungulate species utilizing 

grazing lawns in different seasons and how they can be created in habitat fragmented and 

degraded areas for supporting wild and domestic ungulates. Furthermore, it will show factors 

in their own or in combination that attract various ungulates in these hotspots. 

Furthermore, this study will expound how nutrients from these hotspots are accumulated or 

they are rather re-distributed away from nutrient hotspots. There is a need of understanding 

nutrient re-distribution from these important feeding grounds in Western Tanzania. 

Understanding of this information is important for the long-term monitoring and maintenance 



 

5 
 

of nutrient rich and productive hotspot areas. This study will clearly show the importance of 

conserving various nutrient hotspots within a grazing ecosystem, which might be essential 

foraging resources for ungulates in the miombo ecosystem of Western Tanzania. 

1.4  Objectives 

1.4.1  General objective 

To understand the importance of nutrient hotspots for wild grazing ungulates in a Miombo 

Ecosystem of the Issa valley, Western Tanzania. 

1.4.2  Specific objectives 

(i) To compare plant species richness and diversity on nutrient hotspots (termite 

mounds and grazing lawns) as well as further away from these hotspots (controls). 

(ii) To compare chemical properties of soil and grasses on nutrient hotspots (termite 

mounds and grazing lawns) as well as further away from these hotspots (controls). 

(iii) To assess ungulate grazing frequency on nutrient hotspots (termite mounds and 

grazing lawns) as well as further away from these hotspots (controls). 

(iv) To experimentally identify factors that could lead to the attractiveness of these 

various nutrient hotspots for grazers. 

(v) To understand the wide-reaching nutrient redistribution through grazers foraging on 

the nutrient hotspots based on stable isotope analysis. 

1.5  Research questions 

(i) Do areas around termite mounds and on grazing lawns have higher plant productivity, 

nutrient contents, richness and diversity compared to areas away from nutrient 

hotspots (controls)? 

(ii) Is grazing frequency by ungulates around termite mounds and on grazing lawns 

higher than in areas away from these nutrient hotspots (controls)?  

(iii) Are chemical properties of soil and grass around termite mounds and grazing lawns 

higher compared to areas away from these nutrient hotspots (controls)?  
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(iv) What are the factors that attract ungulates towards nutrient hotspots?  

(v) Are the nutrients deposited closer or further away from these nutrient hotspots via 

dung of ungulates? 

1.6  Significance of the study 

The study aims to understand the importance of nutrient hotspots on a small scale (foraging 

patch scale) as well as their contribution to heterogeneity on a habitat and landscape scale in 

miombo ecosystem. In this study, ungulate species that are most strongly dependent on 

different types of nutrient hotspots in the miombo ecosystem of Issa valley will be identified. 

Furthermore, the study will show how various factors on their own or in combination 

contribute to the existence and attractiveness of various hotspots in the study area, hence, 

understand the possibility of creating and maintaining nutrient hotspots in nutrient poor and 

habitat fragmented areas. Furthermore, the study show  the role done by termite mounds in 

contributing to habitat heterogeneity, which not only supports ungulates but also other 

animals like chimpanzees (Pan troglodytes schweinfurthii) in the Issa valley, a charismatic 

species that is of high conservation concern. Thus, the study is highly relevant in identifying 

the importance of hotspots for focus animals in a highly diverse area of a miombo ecosystem 

that needs protection (Gonçalves et al., 2017; Gumbo et al., 2018; Jew et al., 2016). Overall, 

using novel technologies, this study highlights the importance of conserving various nutrient 

hotspots within an otherwise rather nutrient-poor grazing miombo ecosystem. These hotspots 

might be essential foraging resources for ungulates in Tanzania and across African savannas 

in general. Hence, this knowledge will improve grazing management and nutrient availability 

in grazing areas (Haynes & Williams, 1990).  

1.7 Delineation of the study  

This study focused on assessing importance of nutrient hotspots (termite mounds and grazing 

lawns) for wild grazing ungulates in miombo ecosystem of the Issa valley, Western Tanzania. 

Thus, the study did not consider different termite species. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1  Importance of nutrient hotspots 

Nutrient hotspots (Grant & Scholes, 2006; Shantz et al., 2015) are crucial elements in the 

feeding ecology of wild ungulate species in heterogeneous savanna systems (Treydte et al., 

2006). Nutrient thresholds for metabolism maintenance in ungulates  are often only reached 

through specific forage preferences (Arsenault & Smith, 2008; Shahar, 1991). Termites 

(Macrotermes spp) act as soil ecosystem engineers by enhancing decomposition and 

mineralization processes, hence promoting soil turnover and influencing soil nutrient 

distribution (Grohmann, 2010). Termite mounds in a South African savanna system have 

been shown to be nutrient hotspots that support a high plant diversity and are expected to 

offer higher nutritional value to wildlife than the surrounding environment (Davies et al., 

2014). In Kruger National Park, South Africa, ungulates were found not to forage uniformly 

across the landscape but rather to select areas that have high nutrients and very low predation 

risks (Davies et al., 2016). Around termite mounds, rainfall sweeps remarkable amounts of 

nutrient-rich soil to immediate surroundings (Lepage, 1984), which are then often colonized 

by grass species with a high nutrient demand (Dangerfield et al., 1998). High forage quality 

and high plant diversity due to increased soil nutrients around termite mounds, therefore, is 

expected to lead to higher grazing pressure by ungulate (Dangerfield et al., 1998; Lamprey, 

1963).  

A locally high grazing pressure has also been associated with grazing lawns, which are 

characterized by the presence of short grass species, as well as maintained and influenced by 

high feeding activities (Archibald, 2008; Cromsigt & Olff, 2008; Hempson et al., 2015; 

McNaughton, 1984). Within grazing lawns, grazers keep grasses short and  the freshly 

regrown grasses with low stem proportions are highly palatable (Coetsee et al., 2011; 

Hempson et al., 2015; McNaughton, 1984). These lawns are normally self-maintaining as 

grass quality increases through the cycle of grazing-dung deposition (Lamprey, 1963; 

McNaughton, 1984). Various grazers such as the wildebeest (Connochaetes taurinus) are 

attracted by short green grasses of high nutrient content (Bremm et al., 2016; Eby et al., 

2014; Mandlate et al., 2019).  
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2.2  Nutrient concentration, availability and re-distribution in hotspots 

The grazing ecosystem is among the earth's most endangered terrestrial habitats (Frank et al., 

1998) often encompassing savannas that are characterized by a continuous layer of palatable 

and unpalatable grass species (Grant & Scholes, 2006). Nutrient availability in grasses has 

long been studied and found to be important for various ungulates  (Frank et al., 1998; 

McNaughton, 1985; Treydte et al., 2011). A substantial amount of the nitrogen (N) and 

phosphorus (P) that are found in grasses are recovered in the dung and urine (Haynes & 

Williams, 1990). Therefore, nutrients are carried back to grasses through dung defecation and 

represent important sources of N and P for grasses (Haynes & Williams, 1990). Dung 

mineralization is higher than that of plant litter, hence, the former strongly fosters nutrient 

cycling (Thomas, 1992). Nutrient concentration is often high in areas of high grazer visitation 

(Sollenberger, 2009). These areas of high grazer visitation are, for example, grazing lawns 

(Cromsigt & Olff, 2008; McNaughton, 1985). These nutrient hotspots have been shown to 

attract grazers. Another such nutrient hotspot is represented by termite mounds  Davies et al., 

(2016) and Reid (2012). Since termite mounds are high in nutrients, one would expect that 

grazers favorably forage there and might, thus, also deposit more urine and dung on or next to 

these hotspots. Dung and urine depositions affect chemical composition of soil and grasses 

(Moe & Wegge, 2007) as well as plant productivity (Haynes & Williams, 1990) these 

nutrient hotspot areas strongly support ungulate species especially in nutrient poor savanna 

soils. Generally, in Eastern and Southern Africa, open grasslands containing termite mounds, 

grazing lawns (Ben-Shahar, 1991; Burkepile et al., 2013; McNaughton, 1984a; Mobæk et al., 

2005) and containing few tall trees (Treydte et al., 2008) were found to be areas preferred by 

the ungulates to forage on. As foraging by ungulates has also strong seasonal patterns 

(Sheehy & Vavra, 1996), the nutrient hotspots might be of seasonal importance and their use 

by ungulates might shift across the year. However, the spatial and temporal nutrient cycling 

around these hotspot areas, from soils via plants to ungulates and back into soils, is difficult 

to trace and quantify (Jobbágy & Jackson, 2001).  

While the importance of grazing lawns for ungulates in savanna has been studied 

(McNaughton, 1983; McNaughton, 1984; Veldhuis et al., 2014), only few experiments done 

in the field exist that quantified the extent to which these lawns attract grazers in nutrient 

poor areas (Davies et al., 2016). In addition, the extent to which the grass layer around these 

hotspots is consumed by grazers is poorly understood. Particularly in the Miombo ecosystem 
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of the Issa valley, where termite mounds are important for chimpanzee (Pan troglodytes 

schweinfurthii) foraging activities (Almeida-Warren et al., 2017; Stewart & Piel, 2014), little 

is known about the importance of the former for sympatric  ungulates. Moreover, termite 

mound and grazing lawn soils have never been compared experimentally for their potential in 

enhancing grass growth and quality.  

2.3  Camera trap usage for understanding ecological processes 

Direct observation of various ungulates in their natural environment is very difficult as some 

of the animal species are nocturnal and very shy (Frädrich, 1974; Rahman et al., 2016). 

Camera traps provide a wide range of unexpected results, which can be incorporated in long-

term monitoring programs (Stein et al., 2008). They have been used in various ecological 

studies (Kelly & Holub, 2008; Kolowski & Forrester, 2017; Rovero et al., 2014), providing 

great understanding of ecological processes (Sollmann, 2018), also being a non-invasive 

method for ecological data collection (Stein et al., 2008). They have been used to understand 

different variables of interest in an ecosystem such as species abundance, diversity and 

distribution of various mammals (Wearn & Kapfer, 2017). Furthermore different behavioral 

activities of various mammals can be understood using camera traps (Burton et al., 2015). 

The number of camera traps deployed in a particular study determine the amount of data that 

can be collected (Wearn & Glover-Kapfer, 2017) which are often reliable and with unbiased 

activity (Tobler et al., 2009) during day and night, dry and rain season. Such widespread 

applications of camera traps are generating novel data applications, and promote the potential 

for methodological standardization which has made it a cornerstone of global biodiversity 

monitoring initiatives (Burton et al., 2015).  

Camera traps have been used in the Udzungwa Mountains, Tanzania, to study large to 

medium mammalian species richness and composition, which has been threatened by hunting 

and habitat loss (Rovero et al., 2014). Also, this technique has been used in an insular 

ecosystem of Melbourne, Australia, to identify rodent species causing significant damage to 

the island environment (Rendall et al., 2014). Five Amazonian ungulate species were studied 

using camera traps to understand their activity patterns and mineral licking behaviour (Tobler 

et al., 2009). However, camera placement decisions in different study plots are a critical 

consideration and are a potentially large source of bias in detection rates (Kolowski & 

Forrester, 2017).  
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In animal behaviour, camera traps have been used to understand anti-predator responses by 

ungulates in different habitat or near threat of predator (Kuijper et al., 2014). In Ireland, 

camera traps were used to understand activity pattern of different mammal species and their 

association in predator-prey relationship (Caravaggi et al., 2018). Human-elephant conflict 

aspects in Udzungwa Tanzania were detected via camera traps to understand behaviour of 

individual elephant populations that were more likely to forage on crops and to  understand 

their temporal patterns of visiting farms (Smit et al., 2019). Generally, camera trap data 

analysis can provide a solid ecological assessment of mammalian communities that can be 

systematically replicated across sites (Rovero et al., 2014). However, to maximize the 

detection rates of a particular species or guilds (e.g. carnivores), camera traps should not be 

placed on roads and trails as they will not provide reliable estimates of relative abundance of 

sympatric species (Mann et al., 2015). Hence, Camera trap usage allows practitioners to 

concurrently survey across a wide range of species and their respective habitats, providing 

data that may be of great utility in informing subsequent investigations and/or answering 

important ecological questions (Caravaggi et al., 2018). 

2.4  Indirect observation in understanding ecological processes 

Indirect observations including dung depositions, track signs and grass tufts usage have been 

widely used for different ecological studies (Treydte, et al., 2006; Veldhuis et al., 2017). In a 

study that was done in Kwa-Zulu Natal, South Africa, dung deposition from large herbivores 

was used to understand a nutrient re-distribution process, where large dung depositions were 

found in different places where the animals graze, hence, increasing plant nutrient availability 

in terrestrial ecosystem (Veldhuis et al., 2017). Another study that was done in Kenya and 

South Africa was assessing habitat use of wild and domestic ungulates beneath-canopy 

vegetation where dung depositions and tufts usage were used during assessment (Treydte et 

al., 2010). Indirect observations were also used to assess habitat use of the common warthog 

(Phacochoerus africanus) in Tanzania (Treydte et al., 2006). Furthermore, the role of 

pastoralists on savanna ecosystem in Amboseli Kenya was assessed based on ungulate dung 

that was deposited in abandoned pastoral settlements (Muchiru et al., 2008).   

Hence, various studies elsewhere have used indirect methods for data collection (Archibald et 

al., 2005; Gillet et al., 2010; Muchiru et al., 2008) but few enriched their indirect methods 

with camera trap footage (Rahman et al., 2016). Enriching data collection in this study using 
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isotopes based on 15N abundance in African savannas (Fox-Dobbs et al., 2010) indicating 

their importance as drivers of community and ecosystem structure. Hence, recent advances in 

experimental tracer studies using isotopes offer a lot of possibility to study different 

fundamental ecological processes involved in C and N cycles, particularly at the community 

scale level (Lepoint et al., 2004).   

Previous to this isotope technique usage, ungulates have been studied for decades, yet debate 

still exists about their diet composition across Africa (Sponheimer et al., 2003). Among the 

challenges in many studies was to clearly set the connection between the ungulate species of 

interest foraging on a diet that differs in isotopic composition and choosing tissue that will 

yield the appropriate record of the past feeding location (Hobson, 1999). As natural tracers, 

stable isotopes can be used in showing plant-animal relationships and truly reflect food 

sources, habitat, distribution and movement in terrestrial ecosystems (Jianzhu et al., 2004). 

This technique also provides an ideal tool to understand food web relationships, nutrient 

cycling and ungulate community structure because of isotopic fractionation during the 

processes of nutrient assimilation by animals (Bouillon et al., 2011; Jardine et al., 2017). 

Further, current topic of interest of ungulates is on effect of nutrient cycling both in natural 

and agricultural ecosystems (Tonn et al., 2019). 
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trees. Circumference and approximate height were recorded for each termite mound. 

Transects were laid down from each termite mound centre in all four compass directions (N, 

S, E,W), and along each transect, one 1 x 1 m2 quadrat each was placed at 2 m, 12 m and 22 

m distance away from the base of the mound (Davies et al., 2014). In each quadrat, grass 

communities, i.e., species and their respective basal cover, on and around the mound were 

surveyed (Arshad, 1982; Davies, Robertson et al., 2014). Furthermore, in each quadrat, an 

additional 0.5 x 0.5 m2 quadrat was used, where in each quadrat; study measured standing 

biomass by harvesting above ground grass biomass and recording their dry weight between 

May 2016 and October 2017. Grass biomass was measured in February, May and September. 

In each quadrat, there were 4 different cardinal points of 50 x 50 cm2 quadrats. At each 

sampling event, a new location of the four subplots was used.  At a distance of 100 m away 

from each termite mound, transects and quadrats of the same size were established as a 

control. The same procedure was done for grazing lawns at distances of 20 m, 40 m and 60 m 

from the grazing lawn centre and their respective control sites were at a distance of 100 m 

from the grazing lawn edge. Grass identification in all study plots was done in the field with 

the assistance of a botanist and literature (Oudtshoorn, 2002). The study measured vertical 

grass height at four different points within each sampling quadrat, thereafter, averaged the 

height measurement for all sampling plots (Eby et al., 2014). Additionally, grass greenness 

was assessed based on score scales ranging from scorched grass (1), pale green (2), green (3) 

and deep green (4) (Gosling et al., 2016; Mandlate et al., 2019; Treydte et al., 2013). 

However, ten termite mound areas and control sites in Miombo vegetation as well as some 

areas in grazing lawns were heavily affected by fire from July 2017 onwards and grass 

assessment was not possible thereafter (plate 3). 

3.2.2  Grass and soil chemical properties  

Grass and soil samples from ten termite mounds, ten controls, six grazing lawns and six 

controls were collected for measurement of available nitrogen (N) and phosphorus (P) 

contents, i.e.,  essential nutrients for ungulates (Grant & Scholes, 2006; Treydte et al., 2013). 

In termite mounds, grass and soil samples were collected at a distance of 2 m, 12 m and 30 m, 

while in grazing lawns were collected at 20 m, 40 m and 60 m away from the hotspot centre. 

Soil samples were collected wet-season from 0 to 10 cm depths by combining three cores/plot 

depth using a stainless steel hand trowel (Koenig et al., 2000). Grass samples were clipped 

using scissors directly above the ground at different plots, inflorescence if present removed 





 

16 
 

and one in the control areas (Kolowski & Forrester, 2017). Hotspots and controls used were 

the ones already selected previously and their locations were mapped using GIS (Tobler et 

al., 2008; Zlatanova & Popova, 2018). Both camera locations had similar ground cover 

characteristics (Kolowski & Forrester, 2017), all cameras were mounted 40 cm above the 

ground (Kolowski & Forrester, 2017 & Rendall et al., 2014) and about 5 m away from but 

facing the nutrient hotspot centre (Mann et al., 2015). About 1 m2 of vegetation was cleared 

at each camera to avoid triggers caused by moving vegetation (Kelly & Holub, 2008 & 

Rendall et al., 2014). Distance between cameras was at least 100 m (Kolowski & Forrester, 

2017). Generally, two cameras each were placed on termite mound areas and control sites, 

three each on grazing lawn areas and control sites, thereafter rotated every month to cover all 

10 termite mounds, 10 controls, 6 grazing lawns and their 6 controls Fig. 1. Cameras took one 

photograph per second after the object/animal passed in front of the camera and emitted the 

required level of infrared radiation to capture within the field of view (Wearn & Glover-

Kapfer, 2017). Physical attributes between hotspots vs control sites were the same, use of 

camera traps to compare ungulate usage of these sites considered to be appropriate method 

(Stein et al., 2008). 

 
Figure 2: Map of Issa valley, Western Tanzania, showing camera trap deployed points 
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3.2.5  Hotspot attractiveness experiments 

In addition, experimental plots in the field were created to tease apart the factors that might 

contribute to the attractiveness of nutrient hotspots. Ten quadrats each of 5 x 5 m2 were 

fertilized with NPK fertilizer (ETG Input NPK 17-17-17 400 g/m2), cut to ground level, and 

irrigated with 10 l/m2 once, summing up to 40 experimental plots in total. Experimental plots 

selected were neither too close to shade nor to water bodies to avoid potentially attractive 

confounding factors. In addition, the most dominant grass species (Hyparrhenia hirta) was 

sampled before setting up the experiment and after the experiment to assess the nutrient status 

(N, P content). In addition, the study assessed the extent of grazing (in %) in each plot 

visually. Among the dominant grass species found around termite mounds, the study set a 

grass preference scale score from 0 (no grass) to 5 (intense grazing). Across all sample plots 

in hotspot attractiveness sites, visitations of various ungulates (grazers) were observed for a 

period of one year (September, 2016 - October 2017) in and around experimental plots and 

their respective control sites in the Issa valley through indirect observations i.e., by recording 

dung depositions and tracks (Treydte et al., 2010). The presence of different wildlife species 

was determined by recording cumulative dung depositions as well as tracks and recording the 

age of the signs. Similarly, tracks for an animal that was moving in one direction were 

considered as one event. After recording evidence, similar to previous study sites dung or 

track signs were removed to avoid re-counting. Identification of the dung and tracks was 

done according to Stuart and Stuart (2006) with the assistance from experienced Tanzanian 

field assistants. 

A pot experiment was conducted in Issa valley, Western Tanzania during January, 2017 - 

May 2017 for a total of 61 days. Thirty pots (30 cm diameter) (Shaheen et al., 2010) made 

with compostable plastic bags (Vaverková et al., 2014) were used to decaplicate (n=10) as 

replicates (Nishimura et al., 2006) three treatments. Each pot was filled with 5 kg 

homogenized compost mixture soil taken from 0-300 mm soil layers (Mulidzi et al., 2016), 

after grinding and screening though a 0.6 mm sieve (Utkhede & Rahe, 1979). The soil was 

taken from 5 termite mounds, 5 grazing lawns and 5 controls. Ten seeds of Cynodon dactylon 

collected from Nelson Mandela African Institution of Science and Technology  were sown at 

equal distance in each pot at 2 cm depth (Shaheen et al., 2010) by hand on January 15, 2017. 

Pots were exposed to the natural environment (Hendrik et al., 2012) and water was added ad 

libitum. After seedling emergence, extra seedlings were removed  (Shaheen et al., 2010) to 
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CHAPTER FOUR 

RESULTS AND DISCUSION 

4.1  Results 

4.1.1  Grass and soil nutrient characteristics on hotspots and controls 

In average, circumference of mounds was 20 m, while average height was 1.5 m. A total of 

17 grass species were found across the study plots, of which Hyparrhenia hirta, Andropogon 

gayanus, Digitaria spp, Themeda triandra, Panicum repens and Oryza longistaminata were 

most frequently encountered. Grass species richness differed slightly between termite 

mounds and controls but not between grazing lawn and control plots (Tables 1 and 2), while 

grass species diversity did not differ (Tables 1 and 2). 

Table 1: Summary of variables assessed for grass and soil samples on termite mound 
sites vs control sites with their respective sample size (N), F value, P value, t 
value and degree of freedom (df) values 

Variable Termite mound Control N F P df 

Grass species richness  13±7 14±3 45 3.34 0.027 (3,44) 

Diversity index (Shannon) 2.14 2.08 40 t = 0.29 0.773 (37.2) 

Height (cm) 55±5 39±3 40 55.42 <0.0001 (3,36) 

Dry biomass (g/m2) 238±42 172±25 40 2.20 0.104 (3,36) 

Grass greenness score 3.6±0.3 2.5±0.3 10 t= 12.07 <0.0001 (9) 
 

Basal cover (%) 24±11 18±8 26 0.67 0.644 (5, 25) 

Grass N (%) 0.26±0.04 0.13±0.02 17 25.55 <0.0001 (3, 16) 

Soil N (%) 0.21±0.04 0.09±0.04 13 13.57 0.0004 (3,12) 

Grass P (mg/kg) 238±82 113±36 17 13.29 0.0001 (3,16) 

Soil P (mg/kg) 236±62 107±13 13 7.96 0.0034 (3,12) 
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Table 2: Summary of variables assessed on grazing lawn sites vs control sites with their 
respective sample size (N), F value, t value, P value and degree of freedom (df) 
values  

Variable Grazing 
lawn 

Control N F P df 

Grass species richness  11±3 11±3 57 0.053 0.983 (3,56) 
 
Diversity Index (Shannon) 1.808 1.746 73 t = 0.32 0.751 (71.8) 
 
Height (cm) 47±3 60±3 21 17.46 <0.0001 (3,20) 
 
Dry biomass (g/m2) 214±38 278±43 21 0.77 0.524 (3,20) 
 
Grass greeness score 2.5±0.58 1.8±0.4 6 t =2.12 0.086 (5) 
 
Basal cover (%) 20±31 20±21 25 0.26 0.932 (5,24) 
 
Grass N (%) 0.30±0.040 0.15±0.03 17 18.42 <0.0001 (3,16) 
 
Soil N (%) 0.81±0.01 0.23±0.03 8 13.67 0.014 (3,4) 
 
Grass P (mg/kg) 424±178 222±59 20 4.68 0.015 (3,16) 
 
Soil P (mg/kg) 543±106 211±18 5 8.14 0.035 (3,4) 
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Figure 3: Mean grass height (in cm) and grass biomass (in g) measured as moving away 

from the influence of termite mounds (A, C) and grazing lawns (B, D), 
respectively 

Grasses from termite mounds were on average almost twice as tall as control grasses and 7% 

shorter in grazing lawns vs control sites (Tables 1 and 2). With increasing distance away from 

termite mounds (F2, 27 = 36.39, P < 0.0001), grass height decreased while grass height 

increased further away from grazing lawns (F2, 15 = 5.04, P = 0.021; Fig. 2). Grass biomass 

did not significantly differ between termite mounds, grazing lawns and their control areas 

(Tables 1 and 2) nor did it change when moving away from termite mounds and grazing 

lawns (F2, 27 = 1.85, P = 0.176 and F2, 15 = 0.301, P = 0.744 respectively; Fig. 2). Grasses 

were greener on termite mounds compared to their respective control sites (Table 1) but not 

in grazing lawns vs control sites (Table 2). Generalized Linear Mixed Model analysis show 

that site (hotspot vs control) and location (distance away from hotspot) are the largest 
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contributor to the variation in greenness level (with F1 = 35 and P < 0.001 for site and F1 = 

119 and P < 0.001 for distance). Grass basal cover did not differ significantly between 

termite mound and control areas nor grazing lawns and controls (Tables 1, 2). Grass leaf N 

content of H. hirta was by 34% higher while soil N content was about two times higher on 

termite mounds compared to that in control areas (Table 1). Further, GLMM analysis show a 

strong interaction between nutrient hotspot location, distance and their interaction with 

nutrient content (N) (with F1 = 41.95, P < 0.001 for hotspot location and F1 = 20.11, P < 

0.001 for distance). Grass leaf P content of H. hirta and soil P contents were more than twice 

as high as those in control areas (Table 1). Hyparrhenia hirta grass leaf N and P contents in 

grazing lawns were also about twice as high as those in control areas (Table 2). Furthermore, 

soil N and P contents were three times and twice as high, respectively, in grazing lawns 

compared to control sites (Table 2).  

4.1.2  Ungulates grazing frequency in hotspots and controls 

Grass tuft usage estimates decreased significantly with increasing distance from termite 

mounds (F2,27 = 74.17, P < 0.0001; Fig. 4 a). Generally, grass tuft usage signs in termite 

mound areas were twice as high as those in control areas (F2,18 = 123.07, P < 0.0001). When 

moving away from grazing lawns, grass tuft usage decreased (F2,15 = 25.68, P < 0.0001; Fig. 

4 b), whereby tuft usage estimates around grazing lawns were twice as high compared to 

controls (F1,10 = 192.96, P < 0.0001). There was a strong interaction between grass tufts 

usage and location, distance, season against nutrient contents (N, P) P < 0.001. In this study, 

based on grass preference index analyses, the most frequently consumed species were 

Hyparrhenia hirta (scored 88%) and Andropogon gayanus (scored 64%), while Sporobolus 

spp was not preferred (scored 0%). 

Dung and track frequency was seven and 15 times higher, respectively, in termite mound 

areas than in control areas (F1, 22 = 10.66, P = 0.0035 and F1, 22 = 8.83, P = 0.007; Fig. 4 c and 

d respectively). In addition, dung deposition and tracks were three times more frequent in 

grazing lawns compared to control areas (F1, 22 = 16.33, P < 0.0001 and F1, 22 = 23.74, P < 

0.0001; Fig. 3 and 5 a, respectively). The three most frequently observed grazing ungulate 

species based on tracks and dung were hartebeest, roan antelope and reedbuck (Fig. 5 b). In 

termite mound areas, roan antelope was responsible for 78% of the visitation activity (mean 

tracks and dung deposition), hartebeest for 21%, while reedbuck only contributed 1% (Fig. 5 
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b). In grazing lawns, roan antelope was responsible for 30% of the visitation activity, while 

reedbuck and hartebeest contributed 25% and 44% respectively (Fig. 5 b).  

 
Figure 4: Rainfall amount in mm (columns) at the Issa valley and ungulate presence 

according to the frequency of dung depositions in grazing lawns (dashed), 
non-grazing lawns (dotted), termite mounds (solid) and non-termite mounds 
(dotted) 
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Figure 5: Grass tuft usage estimates in % when moving away from (A) termite mounds 
(TM) and (B) grazing lawns (GL). Ungulate presence averaged using tracks 
(C) and dung (D) between termite mounds (TM) vs control (CONT) 
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Figure 6: A. Herbivore presence using dung in grazing lawns (white vs controls (grey) 

and using tracks in grazing lawns (white) vs controls (grey). B. Herbivore 
visitation frequency, hartebeest (grey), reedbuck (black) and roan antelope 
(white) in GL and TM 
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Figure 7: Herbivore presence using (A) tracks between GL (solid) vs CONT (dashed) 

(B) tracks between TM (solid) vs CONT (dashed) (C) dung depositions 
between TM (solid) vs CONT (dashed) and (D) dung in GL (solid) vs CONT 
(dashed) over year period 

Dung deposition on termite mounds was four times as frequent during the wet season (F1, 10 = 

10.17, P = 0.009; Fig. 6 c), while tracks were eight times more frequently observed during 

the dry season (F 1, 10 = 16.36, P = 0.002 (Fig. 6 a). In grazing lawns, dung depositions were 

twice as frequent in the dry season than in the wet season (F1, 10 = 7.13, P = 0.02; Fig. 6 d), 

while tracks show no seasonal difference (F1, 10 = 7.51, P = 0.97; Fig. 6 c). Grass height 

differed significantly between seasons, with taller grasses on termite mounds during wet 

season vs shorter grasses during dry season (F3, 36 = 55.4, P < 0.0001), whereas grass tuft 

usage was higher on termite mounds compared to control areas and grazing lawns compared 



 

30 
 

to control areas (F5, 54 = 153, P < 0.0001) and (F5, 30 = 64.5, P < 0.0001) respectively. Grass 

biomass was higher on termite mounds and grazing lawns in the wet season compared to the 

dry season (F2, 27 = 47.3, P < 0.0001) and (F2, 15 = 5.9, P = 0.012) respectively, with season 

being the largest contributor to the variation in grass biomass (F = 245.79, P < 0.001); plate 

1. 

 
Plate 1: Termite mound area during rainy season 

 














































































