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Abbreviations and acronyms 

 

APLORI                                  A.P. Leventis Ornithological Research Institute 

DBH                                        Diameter at breast height 

CITES                                     Convention on International Trade in Endangered Species 

FAO                                         Food Agricultural Organization 

FGD                                         Focus group discussion 

GIS                                          Geographic Information System                         

GPS                                         Global Positioning System 

IPCC                                        Intergovernmental Panel on Climate Change 

IUCN                                       International Union for Conservation of Nature 

PET                                         Potential evapotranspiration  

PCQM                                     Point Centre Quarter Method 

NIMET                                    Nigerian Meteorological Agency  

NDVI                                      Normalized Difference Vegetation Index 

NWFPS                                   Non-Wood Forest Products and Services  

MEA                                        Millennium Ecosystem Assessment 

MIKE                                       Monitoring the Illegal Killing of Elephants  

MODIS                                    Moderate Resolution Imaging Spectroradiometer 

SLC                                         Scan line corrector  

SCD                                         Size class distribution  

TETFund                                 Tertiary Education Trust Fund 

UNEP                                      United Nations Environmental Programme 

USGS                                      United States Geologic Survey  

WCPA                                     World Commission on Protected Areas  

WCMC                                    World Conservation Monitoring Centre 

WCS                                    Wildlife Conservation Society
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The environmental impact of human-induced pressures is dissimilar in both its nature 

(Behrens et al., 2007; Krausmann et al., 2009; Galli, et al., 2012) and geographic location 

(Erb et al., 2009; Halpern et al., 2008; Hertwich and Peters, 2009). Consequently the changes 

may determine, in part, the vulnerability of places and people to climatic, economic or socio-

political disturbance (Kasperson et al., 1995; Lambin et al., 2001).  

 

The West African Sudan like other ecological zones in the West African savannah, has 

suffered from different types of vegetation changes. These changes are probably the result of 

both natural long-term climatic changes (Nicholson, et al., 1998; Karl 2009) and short-term 

changes such as high inter-annual rainfall variability (Nicholson, 1981) and the droughts of 

the early 1970s and the mid-1980s (Wiggins, 1995; Nicolson 2001; Dai et al., 2004). 

Additionally, the West African Sudan has a long tradition of human use and dependence on 

natural resources; the effects and influence of humans on natural resources is linked to their 

agro-pastoral activities. The natural vegetation is often removed partly or completely to give 

way to cultivation, cattle rearing and wood cutting (Wezel, 2006). Numerous studies have 

reported the decline in tree cover caused by human activities such as mentioned above 

(Scholes and Archer 1997; Hoffman, 1999). More recently, the vegetation changes have been 

documented as a more serious consequence of human activities (Nilsson, 2000; Lambin, 

2003; MEA, 2005; Parry, 2007; Goudie, 2013; IPCC, 2014). Nevertheless climatic impacts 

also pose serious threats to vegetation (Anderson et al., 2004; Veron et al., 2006; Goudie et 

al., 2013). In turn, vegetation change has profound impacts on the rural livelihoods in many 

ways (plants have important role as medicinal, food, firewood, local crafts, fodder, Guinko 

and Pasgo, 1992; Lykke, 1998 Sankaran et al., 2008; Staver et al., 2011). Consequently, the 

negative impacts in vegetation change are evident in the day-to-day survival of rural people 

in the West African Sudan Region. 

 

More recently, many studies (for example, Herrmann and Hutchinson, 2005; Lykke 2006; 

Gaoue and Ticktin, 2009) have explored the perception and indigenous knowledge of rural 

people to understand the threats and solutions to vegetation changes in the West African 

savannah. This method has proved beneficial as it provides quick and reliable information at 

a scale that can range from individual species level (which can be directly used for local 

resource management (Wezel, 2004)) to habitat information. However most of these studies 

have been concentrated in the Sahelian West African savannah. Nonetheless in the West 

African savannah generally, the direct (resource extraction) and indirect (climate warming) 

http://www.sciencedirect.com/science/article/pii/S1470160X11001889#bib0065
http://www.sciencedirect.com/science/article/pii/S1470160X11001889#bib0150
http://www.sciencedirect.com/science/article/pii/S1470160X11001889#bib0170
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Figure 1.2: Map of Yankari Game Reserve, Nigeria. 
 

Yankari is a region of rolling hills, mostly between 250m and 450m above sea level. Gaji 

River is the lowest point at 200m and the highest point is Kariyo Hill, at 640m. (Tende et al., 

2009).  

Rainfall in Yankari climate is characterized by the influence of two wind systems; the south-

west monsoonal wind which prevails during the rainy season (May to September) and the 

north-east trade wind during the dry season (November to February). Like most parts of the 

region, annual rainfall averages 900 to 1000 mm, (the 950 mm isohyet passes through 

Yankari) and August is the wettest month with rainfall averaging 160 days per year (Green 

and Amance, 1987). Temperatures are generally high all year round but there exists 

variations between seasonal temperatures; the annual average minimum temperature is 18°C 

and annual average maximum temperature is 33°C during the rainy season. In the dry season, 

night temperatures are between 12°C and 18°C while day temperatures range from 30°C and 

36°C. March and April are the hottest months in the year, having night temperatures range 

between 25°C and 30°C and day temperatures between 38°C and 42°C.  

Yankari lies in the Sudan Savannah zone of Nigeria with the vegetation made up of swampy 

flood plain bordered by patches of gallery forest and riparian forests, and woodland savannah 

(Crick and Marshall, 1981). Geerling (1973) described the Yankari vegetation as belonging to 
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strict government reserve and culprits caught trespassing in Yankari are arrested and fined 

depending on the level of activity and offence committed.  

Yankari is an ideal case study for this research because it is a significantly protected area both 

for Nigeria and West Africa. It is situated in one of only five countries in West Africa with 

lion populations (Henschel et al., 2010; BBC, 2014). Yankari serves as a choice venue for 

government retreats and field trips for students of all levels of education. Additionally, 

various studies have been conducted and documented on various aspects of Yankari ranging 

from the floral, faunal and eco-tourist facilities, one of which serves as the baseline for the 

present study. Yankari, like many protected areas in West Africa is faced with poaching, 

illegal wildlife trade, over-grazing, human-elephant conflicts, effects of climate change, 

shortage of funds for effective management, etc. (Agbelusi,1994; Newmark, 2008; Meduna et 

al., 2009). Some plant and animal species in Yankari have been recognised by the 

International Union for the Conservation of Nature (IUCN) as threatened. Historically, 

records show that eight species of large mammals (African hunting dog, leopard, cheetah, 

giraffe, western kob, Korrigum, red fronted gazelle and bohor reedbuck) have become locally 

extinct in Yankari. 

Yankari can serve as a model and as an example if managed effectively, because the threats 

she faces are similar to many of the protected areas in the West African savannah. A study 

done in Kainji National Park, Nigeria (see, Meduna et al., 2009), revealed that livestock 

grazing, farming on parkland, fishing, fuelwood collection, fodder collection and logging are 

the main threats the park faces from the villages surrounding it. In a related study on the W-

Arly-Pendjari WAP complex which straddles the borders between Benin, Burkina Faso, 

Niger and Togo, in West Africa (Clerici et al., 2007), the study found that despite the 

effectiveness of the park conservation programme, the WAP complex is decreasing its 

potential capacity to conserve species richness this is as a result of rapid and extended 

agricultural expansion taking place around the complex. 

1.3 Thesis outline  

This thesis is split into four result chapters excluding an introduction and a general 

discussion. The chapters, whilst standing alone, provide evidence for the processes and main 

drivers of woody vegetation in Yankari. The thesis begins with a general introduction 

(background and rationale, description of study site). The next chapter details general 

findings from the resurveyed vegetation transects and additional plots in Yankari 26 years 







http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7429.2012.00908.x/full#btp908-bib-0060
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in forest cover are a matter of global concern due to its ability to promote the role it plays in 

the carbon cycle (Kumar, 2011). 

 

In the West African savannah, agro-ecological systems form the basis of sustenance for 

humans and livestock. Savannahs in West Africa flourish during the wet season when there is 

abundant vegetation, and lose their leaves or reduce productivity in the long, dry months  

with associated food scarcity for domestic and wild herbivores (Bourlière, 1983). Woody 

vegetation in the savannah zone provides an important source of food for these herbivore 

species (De Bie, 1991). Therefore, the West African savannah shows great seasonal 

variations in food supply for both grazing and browsing herbivores.  

 

The West African savannah ecosystem has come under considerable pressure after severe 

drought periods in the 1970s and 1980s (Wand et al., 2000; Sinclair 1979; Barnes et al.,1982; 

Gandah et al., 2003; Lykke, 2006). This has resulted in a combined process of degradation, 

where droughts have induced the replacement of perennial plant species by annual species 

and of species with high water requirements by drought-tolerant species (de Bie, et al., 1999). 

Following the drought, there has been an increase in livestock numbers, mainly cattle and 

sheep, as a result of increased migration from the Sahel zone. This, coupled with the 

eradication of diseases (Trypanosomiasis and river-blindness) and more effective medication, 

has resulted in increased grazing pressure by livestock in areas not historically available for 

grazing and an expansion of the area used for cropping (de Bie et al., 2002). Most previous 

studies on droughts have concentrated on the Sahel ecosystem (LeHouérou, 1980; Cissé, 

1988; Wezel and Lykke 2006, Gonzales et al., 2012 and Spierkerman et al., 2015).  

Previous vegetation studies in the Yankari (see  Sikes, 1964; Afolayan, 1980; Geerling 1973; 

Green, 1987; Abdullahi et al., 2009) have focussed on vegetation classification and 

description of the general threats facing the vegetation. Increase in the magnitude of 

indicators of these threats have been described (Longtong, 2008; Omondi et al., 2006; Bergl 

et al., 2011; Nyanganji et al., 2012). The author also observed that Yankari is still under 

many threats, mostly from poaching and grazing of cattle, and seasonal nomads heighten 

these threats. There is a lack of recent evidence about the status of the park vegetation and 

changes since the previous period of study. There are patrols by the WCS, but they do not 

provide reliable quantitative evidence. Although Landsat imageries have been available since 

the late 1970s, the previous vegetation studies did not use them for the surveys at the time.  
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The classification of the woody vegetation of Yankari as shown in Table 2.1. 

Table 2.1: Previous studies on woody vegetation classification of Yankari Game Reserve, Nigeria. 
The classification are described by numbers 1-5. 1 represents the same vegetation type in all four 
studies, likewise 2, 3, 4, 5 and 6. PCQM = Point Centre Quarter Method. 

Study Survey method Parameters Recorded Vegetation Description 

Keay 1961 Unknown Unknown 1 Vegetation main Type 1 
2  Vegetation main Type 2 
3  Shrub savannah of sub-sudan 
Zone 
4  Sub sudan zone 

Tuley 1970 Unknown Unknown Afrormosia -Detarium savannah 
woodland 

Geerling 1973 Step wise method Presence/absence of 
canopy cover, height 
of canopy and plant 
species were identified 

1 Afzelia savannah woodland 
2  Combretaceous savannah 
woodland 
3  Combretaceous shrub savannah 
4  Detarium savannah woodland 
5  Riparian vegetation 

Green 1986 PCQM Plant species were 
identified, DBH 
measured and the 
distance of plants from 
the pointer were 
recorded 

1  Afzelia savannah woodland 
2  Combretaceous savannah 
woodland 
3  Combretaceous shrub savannah 
4  Detarium shrub and tree 
savannah 
5 Gaji River complex 
6  Tonglong Gorge complex 
 
 

  

The works of Geerling (1973) and Green (1986) remain the standard reference documents on 

the vegetation of Yankari, but these studies are about 38 and 25 years old respectively, and no 

longer provide reliable information on the current situation. Additionally, the management 

plan for Yankari (Green and Amanche, 1987) is about 30 years old and has neither been 

updated nor reviewed.  

Furthermore, the reports of both Geerling (1973) and Green (1986) have also highlighted 

some concerns: Geerling (1973) noted that although Acacia ataxacantha was heavily 

browsed by elephants during the dry season, the vegetation was able to regenerate during the 

wet season. Green and Amance (1987) noted that the main concern at the time was that 

elephants were killing Borassus aethiopum and Adansonia digitata faster than they were 

regenerating. Additionally, the authors also reported on the extensive die-off of trees and 

shrubs in the savannah woodland as a consequence of the droughts, and added that even 
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Figure 2.4: Vegetation map of Yankari showing sample point locations. The sketch map from 
Geerling (1973) and Green (1986) served as base map, while the sample points were from the surveys 
of Green (1986) and author (2011). Red dots are baseline survey points taken in 1986, and resurveyed 
in 2011, while the orange dots show additional survey points (2011). 

 

2.2.2.3 Plot methods 

Plots were laid adjacent to the original transects established by Green (1986); the purpose of 

this was to examine within-vegetation type variations. Samples were taken 50 m from the 

surveyed track to avoid any biases that may affect the habitat as a result of the track. In each 

transect, 10 plots (20 x 20 m), of five plots each separated by 200 m distance were surveyed 

(see, figure 2.5).  
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Figure 2.5. Plots sampling design for woody vegetation of Yankari Game Reserve, Nigeria. Each 
grey square represents a 20 X 20 m plot. A = sample design for Combretum tree savannah; Afzelia 
tree savannah; Combretum shrub savannah and B = Riparian vegetation  
 

The interval between any two plots was 20 m. Stratified random sampling (two transect 

locations within a sub habitat) was employed to establish more sampling units; this was to 

ensure a good representation of the total area of the sub habitat. A total number of 115 plots 

were surveyed; 100 (10 plots per transect) plots in the savannah vegetation and 15 (5 plots 

per transect) plots in the riparian vegetation. The reason for fewer plots in the riparian plot 

was because the riparian forest is only a strip and therefore could not accommodate 10 plots. 

In each plot, all tree species were identified, tree diameters and heights were measured and 

recorded. Most plants were identified by Dr Onoja Joseph, a research associate with 

APLORI, and Mallam Yankasta, who supplied the Hausa names of some tree and shrub 

species. Both men have extensive experience working with the late Dr. Tiseer on the 

vegetation in Yankari. Dr Tiseer confirmed the identification done by the duo before his 

demise. 

 

2.2.2.4 Image classification and processing 

Ecologists recognize the need to understand ecosystems based on assessing their functioning 

over long time scales (Oldfield et al., 2000). Remote sensing tools offer the important means 

to enhance change detection in ecosystems (Jensen et al., 2004). However, the need to 

incorporate spatial and temporal information, relationships, and quantifications of physical 

habitats are critical components of any study that analyses a changing landscape. Past studies 
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2.2.3 Data analysis: 

The author used ArcGIS 10.1, ERDAS IMAGINE 2013, R version 3.0.1, Microsoft EXCEL 

2013 software packages to analyse both the remote sensing data and field data collected for 

this chapter.  

 

Characterization of biodiversity through inventories can be useful in the planning of 

operations that aim to conserve biodiversity (Belbin and Collins 1995; Faith and Walker, 

1996; Kelema, 2010). Species richness is an important index in characterizing the number of 

species in a community (Whittaker, 1972; Hubbell, 2001). A change in species diversity is 

often used as an indicator of anthropogenic or natural disturbances in an ecosystem (Liu and 

Brakenhielm, 1996; Kalema, 2010). Therefore, the species accumulation curves were used to 

determine the alpha and beta diversity (Whittaker, 1972) of the 115 sampled plots across the 

sub-habitats that were studied.  

The size class distribution (SCD) of 16 top (most abundant) species were analysed, based on 

the dataset from the 2011 re-survey of Yankari. SCD analysis followed the method used by 

previous authors (Condit et al., 1998; Lykke, 1998). Plant diameter at breast height (DBH) 

was used as an indicator of the growth potentials of the top species. DBH was calculated for 

individual species, and the sum across all plots were used to plot the bar graph for each 

species. The DBH were grouped into seven classes ranging from 0 to 61cm: 0-10 class 

describes saplings with DBH = >10 cm/2 cm height and 11-20cm to 61& above are trees with 

DBH is < 10cm). Bar graphs were plotted for each species to allow visual comparison. The 

shape of the population structure of each was interpreted following Everard et al., (1995); 

Obiri et al., (2002), Mwavu and Witkowski, (2009).  

 

Non-metric Multi-dimensional Scaling (nMDS) (see, Gauch, 1982) was used to visualise the 

relationships (dissimilarities and similarities) across the four sub-habitats of Yankari. Data 

collected from the riparian forest was included to this analysis. The vegan ordination package 

was used to plot the graphs. Mean basal area (BA) was used to compare the current 

distribution and abundance of key species with those reported by Green (1986). The baseline 

did not give room for robust statistical analysis as the absolute figures of the survey were not 

available to the author during the time of this study. Therefore the best comparison between 

the mean BA for the two studies relied on a basic estimation. 
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Figure 2.7: Size-class-distribution of sixteen dominant woody plants as suggested by baseline study (see, Green 1986) in Yankari Game Reserve Nigeria. 
These dominant species were categorized according to threat groups: HE = herders and elephants preferred species; DF = drought and fire prone species; O = 
neither. DBH was calculated for individual species and the sum across all plots was used to plot the bar graph for each plants. Size-classes are shown on the 
x-axis and number of individuals on the y axis.  
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Comparison of BA per hectare across the sub habitats for 1986 and 2011, show an increase of 

species abundance in two (Combretum tree savannah and Combretum shrub savannah) of the 

three habitats and a reduction in Afzelia tree savannah, Figures: 2.8 

 

Figure 2.8: Comparison of Basal Area per sample area (per hectare) for vegetation surveys in 
Yankari (1986 and 2011). Results from the two way paired t-test shows no significant reduction in 
basal area between the two surveys (p > 0.05). Data represent mean values of BA per total sample 
area on Y axis and for the two periods across sub habitats (CMTS, AFTS and CMSS) locations on the 
x-axis. CMTS = Combretum tree savannah, AFTS = Afzelia tree savannah and CMSS = Combretum 
shrub savannah.  
 

Results of the comparison of basal area per sample area for species of category HE (species 

used as fodder) across the sub-habitats shows clearly, the changes that occurred between the 

two periods. However, the results from the two way paired t-test shows no significant 

reduction in basal area between the two surveys.  

Only A. africana and S. spinosa were recorded for the two periods. B. aegyptiaca, P. 

erinaceous and T. indica were not recorded in the locations Green (1986) surveyed (Figure 

2.9)
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Figure 2.9: Comparison of Basal Area per sample area (m2) of the 16 dominant woody plants (minus Khaya senegalensis) in Yankari (1986 and 2011). Data 
represent mean values of BA per total sample area for the two periods across sub habitats (CMTS, AFTS and CMSS). CMTS = Combretum tree savannah, 
AFTS = Afzelia tree savannah and CMSS = Combretum shrub savannah. HE = species preferred by herders and elephants: DF = species that are prone to 
drought and fire: o = other species not belonging to either of the two groups. 
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2.3.1.3 Non-metric multi-dimensional scaling of 16 top species  

The nMDS indicated clear vegetation dominance by one vegetation type, characterized by 

Combretum species. This was revealed in general terms by the overlapping of the sub habitats 

(Figure 2.7). Results for spatial comparison of sub-habitats revealed the composition of the 

species, together with a significant similarity for the savannah sub-habitats. It also showed 

that some species were common to both savannah and riparian forest, as seen in the overlaps 

in figure 2.10. CMTS and CMSS are the closest in similarity, as approximately 75% of the 

total area of CMSS overlap with CMTS. The AFTS sub-group also shows an almost 50% 

similarity to the CMTS. The most dissimilar habitats are the RP and the AFTS, as they do not 

overlap at any point and are the farthest from each other. 

Figure 2.10: Non-metric multidimensional scaling (nMDS plot, Stress = 0.24) on the basis of the 
Bray-Curtis dissimilarity measure calculated count data of the sub habitats in Yankari Game Reserve, 
Nigeria. RP: riparian forest, CMTS: Combretum tree savannah; AFTS represents Afzelia tree 
savannah and CMSS represents Combretum shrub savannah. Species are in red letters: KYSN = 
Khaya senegalensis; AFAF= Afzelia Africana; TRIN = Tamarindus indica; ANCL =Annogasius 
leiocarpus; CRFB = Crossopteryx febrifuga; = TMGL = Taminelia glausecence: CMML = 
Combretum mole: BKAF = Burkea africana: PTER= Ptericarpus erinacous: CMGT = Combretum 
glutinosum: BSSL: Boscia salicifolia:  CMFR = Combretum fragrans; DTMC= Detarium 
microcarpum; STSP= Strychnos spinose; BLAG = Balanite aegyptiaca  
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2.3.2 Spatial and temporal changes from remote sensing images 

The variation in the distribution of the NDVI values between the years, is shown in Figure 

2.11. Years 2004 and 2012 show high median values of 0.45 and 0.42 respectively, while 

years 2000 and 2009 show values as low as 0.26 and 0.30.  This suggests more greenness in 

the years 2004 and 2012 compared to the latter years mentioned. 

 

Figure 2.11:  Box and whisker plots showing NDVI values on the y- axis and years sampled on the x-
axis. Plots represent data of the summaries of NDVI values of years 2000, 2004, 2009 and 2012. 
 

The mean NDVI values across the four periods were compared using ANOVA. Results show 

differences occur in the four years (p = 0.0001). Furthermore, a pairwise comparison using 

TukeyHSD was carried out to verify where the differences occurred in the four observations. 

The output indicates differences between 2012/2004 and 2009/2000 as significant. . Figure 

2.12 shows the confidence interval of the comparison.  
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dataset, and regional variation in the relationship between NDVI and woody cover (Mitchard 

and Flintrop, 2013). 

2.4.2   Characterization of 16 dominant woody plants of Yankari  

The species accumulation models have provided a visual assessment of the four habitats 

sampled. The Combretum tree savannah and Afzelia tree savannah have more species 

diversity than either of Combretum shrub savannah and the riparian forests. Moreno and 

Halffter (2000) have used the same method to evaluate the completeness of inventories of 

bats, and to provide valid comparisons among inventories. They argued that the species 

accumulation curves can be used to assess the inventories of any other group. However, 

Willott (2001) is concerned that the measure that was used to estimate their sample effort is 

not the appropriate one to compare species accumulation curves among different habitats. 

Nevertheless, our results is in line with the baseline result, where Green (1986) found lower 

diversity in the Combretum Shrub savannah compared to others. With the riparian forest 

curve, it may not be possible to rule out the fact that the results may be biased based on the 

premise that fewer plots were surveyed.  

Historically, the woody vegetation of Yankari is characterized mainly by shrubs but with big 

trees in the riparian forests. Size class distribution (SCDs) of the 16 most-abundant woody 

plantss tilted towards typical saplings distribution as SCDs show dominance of class 0-10 cm 

DBH of the six size classes for the 16 key species analysed. The two most-dominant woody 

plants being C. nigricans (1, 300 individuals) and the C. glutinosum (about 600 individuals) 

belong to this class (see, Figure 2.4). The high proportion of stems in the smallest size classes 

of 0 to < 10 cm implies that most C. nigricans individuals and C. glutinosum have the natural 

ability to regenerate (Hennenberg et al., 2005). However, the larger tree species i.e.  A. 

africana, K. senegalensis, P. erinaceus, B. africana, B. aegytiaca, T. indica and A. leiocarpus 

showed irregular distributions. Although B. africana and A. leiocarpus had many individuals, 

the saplings classes dominate with 30 and less individuals in few other classes. A. africana, 

K. senegalensis, P. erinaceus and T. indica had few individual species. This made it difficult 

to draw conclusions on their distribution at this point.  

In a similar study, Neelo et al., (2013) reported SCDs in five groups: species in his first 

grouping exhibited reverse J-shaped distribution, which indicated stable population structures 

as also reported by Lykke, (1998) Conduit et al., (1998). Species in the second group showed 

relatively good recruitment but the regeneration was negatively affected and his third 
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grouping was a combination 3, 4 and 5 of his initial groups and he reported that this group 

exhibited hampered regeneration, as a result of disturbances caused by humans, domestic 

animals and annual fires. Additionally, Lykke (1998), observed in her study that many 

species, particularly large trees, have few young individuals, and therefore flat SCDs that 

deviate from the reverse-J shape SCDs characterizing species with abundant and constant 

rejuvenation. She concluded that most of the flat distributions analysed were the effects of the 

decline in population sizes caused by human impact, particularly fire. The findings of these 

authors give an insight into the possible irregular distribution of the SCDs found in this study 

and suggests that a more extensive research to investigate the abundance and population 

structure of these species will be beneficial. 

Vegetation community ordination and dissimilarity analysis gave the opportunity to visualize 

the abundance and composition of the species over the habitats of the reserve. The overlaps 

suggest that there is a significant similarity in species composition across the habitats. The 

dominance and spread of C. nigricans and C. glutinosum are likely to be responsible for this. 

The Geerling (1973) and Green (1986) classification of six separate classes therefore, is not 

reliable. As C. nigricans and C. glutinosum are now widely spread in the savannah habitat 

and extend to the riparian habitat, it can be inferred that there has been a major change in 

woody vegetation composition.  

2.4.3 Spatio-temporal comparison between 1986 and 2011 results. 

2.4.3.1 Increasing populations of some woody species  

Combretum tree savannah and Combretum shrub savannah showed increase in mean basal 

area between 1986 and 2011. Most of the species belonging to these habitats are of 

Combretacaea family occurring predominantly in the savannah habitats and extending to the 

riparian forest. C. nigricans and C. glutinosum are the two most dominant woody plants  in 

Yankari. Both plant species are widely spread extending to the riparian forest. Although the 

species have been reported to be both fire and drought prone in some related studies (Keay, 

1950; Green, 1986), yet, other studies reported these species as drought tolerant, fast growing 

and profuse (Sakandé and Sanon, 2007) and recommended that C. nigricans, among other 

species, are potentially usable for vegetation recovery programs. Furthermore, the findings of 

this study are consistent with research from East Africa, where Combretum and Terminalia 

species dominated savannah woodland (Lewis and Berry, 2011). Lastly, C. molle, B. 

salistifolia and P. suberosa also showed increases in mean DBH between the years (Figure 
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Furthermore, other species (C. febrifuga, A. leicarpus, T. Laxiflora, D. Microcarpum and B. 

Africana), that were not classified as fodder in this study, also reduced in mean DBH between 

the two periods. A. leicarpus, though belonging to the Combretacaea family, has been 

reported to be used, to a great degree, for both domestic and commercial purposes and is a 

browse species in Sudano-sahelian regions (Tézenas du Montcel, 1994). It is a species very 

sensitive to fire, but recommended also for reforestation (Andary et al., 2005). 

2.4.4. NDVI analysis of vegetation cover  

NDVI analysis indicated a fluctuating trend; this is cyclical for the vegetation of Yankari, and 

may be as a result of the short period of study.  The year 2012 particularly showed an increase 

in abundance of vegetation cover compared to the previous years. The spectral analysis could 

not go beyond a general assumption of increase. Whether or not the increase was limited to 

particular species, was not easily detected as the Landsat images assessed were of low 

resolution and lacked the capacity to show clear features. Ground truthing would have served 

as a tool to verify and validate some of the suggested findings, but that is beyond the scope of 

this study.   

The Post-hoc TukeyHSD tests revealed significant difference between the mean NDVI values 

of 2012; 2004, and 2000; 2009. This implies that significant changes in vegetal cover have 

occurred between the periods. The patterns and extent of changes will be interesting to 

further investigate in this study and that should be able to give pointers to inform monitoring 

or initiate relevant management initiatives (see chapter 4). 

2.4.5 Implication for conservation and management 

There is clearly a change in the structure and composition of the woody vegetation of 

Yankari between the baseline survey and our study. The decline of trees used as fodder is 

also evidenced by the comparison between the two surveys. Overall, if fodder plants 

populations continue to decline, local extinctions are possible. Given the trends of decline, 

further investigation to assess the current abundance and population structure of the fodder 

plants, and also investigate the harvest patterns and extent is necessary and urgent. 

 

The sensitivity of the response of semi-drylands and drylands to the adverse impacts of 

climate change cannot be over-emphasized. Climate change compounds the impacts of 

drivers of vegetation changes, besides,  other factors as warmer conditions are said to 

increase the length of the summer dry season (Boko et al., 2007), which may affect the 

http://www.feedipedia.org/node/4551
http://www.feedipedia.org/node/4557
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phenology of some of these fodder plants. A longer dry season in the summer, can also 

reduce tree growth and vigour, and can reduce the ability of trees ability to resist insects and 

pathogens, according to Jan van Wagtendonk (2009) and  Lutz et al., 2009). Therefore, a 

study of climate impacts should be considered as it will be beneficial for Yankari and similar 

protected areas within the Savannah systems. 

This study is the first extensive woody vegetation study since the baseline survey. The period 

between the two studies is 25 years. This is a long time considering the threats to vegetation 

and habitats of Yankari. More regular surveys and vegetation monitoring should be 

introduced and should now be straightforward as this study has georeferenced the survey 

plots which makes repeatability easy.   

2.5. Conclusion  

This study found that the woody vegetation of Yankari has changed over time. The change is 

two dimensional, while there is a general increase in most species belonging to Combretacaea 

family, there is evidence of decline in species commonly used as livestock fodder in Yankari. 

The scope of the study did not include the investigation of the causes of increase or decline in 

the woody vegetation, although the previous studies (Geerling, 1973; Green and Amance 

1986; Green, 1987), have highlighted threats (elephant numbers, climate, fire activities and 

human activities) to the woody vegetation in Yankari at the time of their studies. Rainfall, for 

example, is the greatest influence on vegetation in the tropics (Pielke, 2001; Zelazowski, 

2011; Gereve et al., 2011; Swann et al., 2012), yet there have not been any climate-related 

studies done in Yankari. Wildfires, as well as early annual burning undertaken by the rangers 

in Yankari have been reported as greatly influencing the woody vegetation, yet no 

quantitative studies have been carried out on trends in fires. 

It will be interesting to investigate the trends in the drivers, particularly from the period the 

baseline study covers. Therefore in chapter 3, assesses the trends in the drivers of woody 

vegetation change in Yankari (elephant numbers, climate, fire activities and human activities) 

from the 1980s to present time. The evidence of change in the drivers (increase or decrease), 

should provide some quantitative basis for conservation initiative, for patrols and monitoring.   

Yankari is a heterogeneous landscape where many things are taking place simultaneously e.g. 

ecotourism, research, field excursions for pupils, and anti-poaching activities by different 

NGOs etc. Furthermore, a combination of direct (such as poaching, hunting, livestock 

grazing) and indirect pressures (such as lack of vehicles for patrols, weak laws, poor funding) 
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inhibit any reasonable efforts towards adequate management of the game reserve. A study 

such as this will therefore inform, direct, and help prioritize the conservation needs of 

Yankari. 
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Trends in Potential Drivers of Savannah Vegetation Change in Yankari Game Reserve, 
Nigeria. 

Abstract 

Relatively little is known about the dominant threats to African Savannah systems and how 

these threats interact. Yankari Game Reserve (Yankari), Nigeria, was used as a case study to 

examine trends and drivers of woody vegetation change in the reserve. The work builds on 

previous studies by Geerling (1973) and Green (1986), which highlighted elephant activities, 

droughts, fire and human activities as the drivers of the woody vegetation in Yankari. 

Elephant population studies in Yankari (1964-2011) were collated and trends over time were 

examined. Potential evapotranspiration (PET) was estimated from climate data (1961-2010), 

obtained from Nigerian Meteorological Agency (NIMET). MODIS active fire and burnt area 

products were used to determine trends in dates and incidences and to calculate frequency of 

burning (2000-2014). Landsat 5, 7 and 8 land cover images were used to estimate park 

incursion over time. Among the key findings are a climate with high variability in annual 

rainfall, prevalence of droughts and fire scars throughout the reserve except in the area 

bisecting Yankari and park edges to the west. Climate appears to be an important driver of 

woody vegetation. The trends are also consistent with global climate change effects, most 

likely due to high inter-annual variability in rainfall.  However, trends in elephant population 

seemed ambiguous because of the different methods used in the previous surveys. It was also 

found that there was prevalence and increase in human activities at the boundary of Yankari. 

In 2013, encroachment has extended into Yankari. There were difficulties in reconstructing 

historic trends in drivers of woody vegetation change but the combination of climate and 

human activities suggests negative impacts on woody vegetation that require urgent 

monitoring and intervention  

 

 

 

 

 

 

 



http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02561.x/full#gcb2561-bib-0040
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02561.x/full#gcb2561-bib-0057
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02561.x/full#gcb2561-bib-0061
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02561.x/full#gcb2561-bib-0008
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02561.x/full#gcb2561-bib-0058
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2011.02561.x/full#gcb2561-bib-0065
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2002). Therefore, mapping the timing and the extent of fires is important (Srivastava and 

Garg, 2013) as fire effects are reported to change vegetation composition and structure 

(Goldammer and Price, 1998; Collins and Calabrese, 2012) and are expected to increase with 

the impacts of human induced climate change (Stocks et al., 1998; Dale et al., 2001; 

Flannigan et al., 2000, 2009). 

 

In African savannah ecosystems, elephants are considered important in structuring plant 

communities (Penzhorn et al., 1974; Owen-Smith, 1988; Moolman and Cowling, 1994; 

Lombard et al., 2001; Conybeare, 2004), and in influencing ecological processes such as 

trampling, seed dispersal, and nutrient cycling (Boshoff et al., 2001). Elephant herbivory is 

also responsible for changes to plant richness, density and biomass (Barratt and Hall-Martin, 

1981; Midgley and Joubert, 1991; Lombard et al., 2001; Kerley and Landman 2006; 

Hayward and Zawadzka, 2010), and has the potential to severely reduce the foraging 

opportunities of co-occurring browsing herbivores (Landman and Kerley, 2006). 

 

The 4th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4; 

IPCC 2007) established that climate change will have serious impacts on many aspects of 

biological diversity and on ecological interactions. These impacts will result in long-term 

instability of natural resources and their benefits and services to human livelihoods. 

Additionally, the 5th Assessment Report of the Intergovernmental Panel on Climate Change 

(IPCC, 2014) re-confirmed that: i) The future of African ecosystems are already affected by 

climate change, and future impacts will be to be substantial; ii) Beyond the impacts of land-

use change and other non-climate stressors, there appears to be shifting ranges of some 

species and ecosystems due to elevated CO2 and climate change; and iii) Over the past 50 

years, near surface temperatures have increased in West Africa. 

 

 Furthermore, temperatures in Africa are projected to rise faster than the global average 

increase during the 21st Century (Christensen et al., 2007; Joshi et al., 2011; Sanderson et al., 

2011; James and Washington, 2013). In a related study, Collins (2011) showed significant 

warming of between 0.5-0.8 degrees between 1970 and 2010 over the region using remotely 

sensed data with a greater magnitude of change in the latter 20 years of the period compared 

to the former. Recurrent droughts over the past decades and rates of desert encroachment in 

this region have been widely recorded and documented (Mortimore, 1989; Wiggins, 1995;  

Batterbury, 2001;  Dai et al., 2004; Mortimore, 2010; Dai, 2011 ). Additionally, the effects of 



http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2010.01550.x/full#b8
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2010.01550.x/full#b53
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2010.01550.x/full#b53
http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2010.01550.x/full#b38










47 
 

To estimate the human impacts a 5 km buffer was calculated from the boundary of Yankari. 

The drawing tool from ArcGIS was used to draw polygons around the areas visualized as 

being urbanised within the buffer zone. The total area of the drawn polygons was calculated 

for each year, and bar graphs plotted to show the increase in urbanization from 1986 to 2013. 

This analysis was subjective as visual estimates were used to determine the areas urbanized. 

However, polygons drawn around the areas are consistent across the years. Additionally, for 

2013, polygons were drawn inside the reserve due to obvious encroachment extending within 

the boundary. Table 3.2 shows the data sources and periods covered by the data used for this 

study. 

Table 3.2: Secondary data sources and time periods covered for the study of the four main drivers of 

woody vegetation change in Yankari. 

Driver Data source Time covered 
 

Elephants Eight elephant surveys done in Yankari, 
Nigeria. From web and published and 
unpublished reports of Yankari. 

1964 - 2011 

Climate Fifty years climate data:  rainfall data, 
temperature (minimum and maximum 
data), relative humidity, radiation and 
sunshine of Bauchi airport (Lat. 10.30; 
long. 9.82), from Nigerian 
Meteorological Agency  

1961 - 2010 

Fire 14 years MODIS Active fire and  burnt 
area products: http://modis-
fire.umd.edu/Active_Fire_Products.html  
http://modis-
fire.umd.edu/BA_getdata.html 

2000 - 2014 

Human Landsat 5, 7 and 8 satellite images were 
accessed and downloaded from USGS. 

1986, 1999, 2006 and 
2013 

 

 

 

 

 

 

http://modis-fire.umd.edu/BA_getdata.html
http://modis-fire.umd.edu/BA_getdata.html



















































































































































































































































