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Abstract

Despite the large quantity of research on the projected impacts of environmental drivers of
change, relatively little is known about the changes in the West African savannah woody
vegetation and their drivers. Understanding processas dperate and long term impact of
drivers of vegetation change, acting individually or in combinatiswijtal to enable future
mitigation through conservation practices to be successful. This thesis assessed the processes
and drivers of vegetation chaagn the West African savannah, (with particular focus on the
role of herders and their livestock) aiming to develop mitigation strategies to increase
ecological resilience of the region, using the Yankari Game Reserve of Nigeria (Yankari) as a
case study.This study isinterdisciplinary, drawing on ecologicaltree and shrubs
inventories) geospatial(GIS and remote sensing techniquasy sociali cultural (focus

group discussions, questionnaires, and observations) approaches to collect and analyse
relevent data toexplorethe studyquestionsOverall, it was found thathe woody vegetation

of Yankari has changed over time, showing general increase in spedizmiifretacaea
family and decline in fodder species. Additionatlyyasfoundthat high variablity in annual
rainfall, prevalence of droughts, fire scars, prevalenceandl increase in human activities at

the boundary of Yankaand 2013satellite image showed thahcroachment has extended

into Yankari. Fodder s are harvested in Yankari but tkiemt of harvest varies by species.
(Afzelia africana and Balanitesaegyptiacaare severely harvestedftatistically significant
relationshipswere foundbetween core boundary distance and the harvest ratesAof
africana (P = 0.0001), andalso, distan@ impactssignificantly on recruitment of fodder
trees in Yankari. The herders in Yankari inconsistently reported on the trends in their
livestock but had clear knowledgéthe preference and availability of foddeeds in their
surroundings. Additionaly, the studyfound out thatmany Fulani and their livestock
undertook major migrations to the local communities in the 1980s and 1990s. Herders are
aware of the decline in the abundance of foddegsand have devised temporary migration

as a strategy taope with the situation. This studiys provided quantitative evidence of
current threats to West African savannah systems. ltalsshighlighted areas for further
investigation as well as showed the need to initiate conservation strategies that will be

beneficial for both the local communities as vesithe conservation goals for Yankari.
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Introduction
1.1 Backgroundto study, aim andresearch questions

Human interactions with the environment that supports them have had profound impacts in
many ways. In the last fifty years, ecosystems have changed more rapidlytemsivety
compared to any period in human history, Wi
degraded (MEA, 2005). Habitat loss and degradation-exgloitation of natural resources,
pollution and disease, introduction of invasive alien species anwhrRnduced climate
change have been recognized and reported as the five major threats to global biodiversity
(Salaet al.,2000; MEA 20051.opoukhineet al.,2012; IUCN, 2014). Humans have modified

soils (Tolbaet al.,1992; Meyer and Turner 1994), influged climates (Chas#t al., 1999;
Houghtonet al., 1999; Lambinet al., 2001; Lambinet al., 2003; Foleyet al., 2005), have

also affected geomorphic processes and changed water quality and quantitiesetiM@bre
2009;Goudie2013).

The inabilitiesof humans to protect the natural systems have heightened the threats to
biodiversity Secretariat of the Conventioon Biological Diversity, 2010 Additionally, in

the last century, the global population has quadrupled, unsustainable consumption patterns
and rates of natural resources and waste emissions have increased to a point where human
consumption is at a faster pace than the Earth can reger(etaberl et al., 2007;
Wackernagekt al.,2002; WWF, 2010). Furthermorelimate change in the last deealdas
emerged as the key environmental and developmental concern of the new millennium.
Consequently, climate change will exacerbate the other sources of environmental degradation
and may generate new threats with devastating consequences for both &itycaner human
welfare, especially for the poorest and most vulnerable communities and natipaakhine

et al.,2012)

Plant life, more than any other component of the environment has suffered the severest
impacts from human activitie§Spudie 2013). Tle structure and functioning of sematural

and natural ecosystems are negatively impacted, posing danger to diversity of plant and
animal species (Bobbingt al, 1998). The nature of langse and lanadover changes are so
pervasive, when summed globaliyhey have profound impacts on the functioning of key
components of the Earth System. Thus huinanced vegetation changes have transformed
the very nature of landscapes that support them (Hagtrelh 1994;Goudie 2013).



The environmental impact dfiumaninduced pressures is dissimilar in both its nature
(Behrenset al., 2007; Krausmanrt al., 2009; Galli,et al., 2012) and geographic location
(Erbet al, 2009 Halpernet al, 2008 Hertwich and Peters, 20p9Consegently the changes
may determine, in part, the vulnerability of places and people to climatic, economic er socio
political disturbance (Kaspersetal.,1995; Lambiret al.,2001).

The West African Sudan like other ecological zones in the West Afriaaanaah, has
suffered from different types of vegetation changes. These changes are probably the result of
both natural longerm climatic changes (Nicholsoet al., 1998; Karl 2009) and shetérm
changes such as high int@mnual rainfall variability (éeholson, 1981) and the droughts of

the early 1970s and the mi®80s (Wiggins, 1995; Nicolson 2001; Dei al., 2004).
Additionally, the West African Sudan has a long tradition of human use and dependence on
natural resources; the effects and influencawhans on natural resources is linked to their
agropastoral activities. The natural vegetation is often removed partly or completely to give
way to cultivation, cattle rearing and wood cutting (We2606). Numerous studies have
reported the decline itree 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; Pay, 2007;Goudie 2013; IPCC, 2014). Nevertheless climatic impacts
also pose serious threats to vegetation (Andees@h., 2004; Veronet al.,2006; Goudieet

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 Sankagaial.,2008; Staveet al.,2011). Consequently, the
negative impacts in vegetation change are evident in théoeldgy surwal 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 ¢lats 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 maagement (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)
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anthropogenic activities and the interactions between these threats are complex and poorly

understood. The study was therefore necessary and timely for this region.

African nations have established an extensive network of protected W€A4Q, 2004
Newmark, 2008 Lambi et al., 2012 to minimise threatening human activitigRrotected

areas are still known to conserve biodiversity especially in West Africa where most of the
natural habitats have been converted to farmlands for crop cultivation, urb@masadi other

uses. Additionally, other common challenges facing West African protected areas are linked
to small isolated wildlife populations surrounded by growing human populations, such as
humanelephant conflict and human encroachment into the proteteas (IUCN, 2014).
Protected areas, if designed appropriately and managed effectively, can make a valuable
contribution to overall efforts to address these challeriggso{khineet al.,2012).

The Yankari Game Resery¥ankari), Nigeriais usedas a ase studylt is representative of
West African savannah. The availability of baseline data collected in YamkerR6 years
agopresentshe opportunity to carry out this researthe current study is aimed at assessing
the processes and drivers of g&gion change in the West African savannah (with particular
focus on the role of herders and their livestock), aiming to develop mitigation strategies to

increase ecological resitiee of the region. The theggamines the followingey questions

1 Whatare theecologicalchanges in woody vegetati@f Yankari, Nigeria since 1986

1 What are thdrends in drivers of woody vegetation change in Yankari Game Reserve,
from the 1980s to 20117

1 To whatdegreeare the observe changes in the fodder plarikely to have been
driven by henYdkariag O6acti vities

1 What are the experiences and perceptions of herders in the local communities
surrounding the reserve, with regards to trends in their herdsbamtlance of fodder
plants?

This studyis interdisciplirary. It drawson a combination of the following approaches:
ecological(trees and shrubs inventoripgospatia(GIS and remote sensing techniquasil
soco i cultural (focus group discussions, questionnaires, and observatizatis) collected

wasanalysed using appropriate statistical tools



1.2 Study area
1.2.1 Brief description of the West African savannah

Savannahs cover up to 20 per cent offiftht he ear
of the worl dés human p eland,lliestackoamd vald lterbivore s t of
biomass (Scholes and Archer, 1997). The savannah ecosystem is known for its high diversity

of large mammals such as elephants, giraffes and many species of antelopes (de Bie, 1991).
Both the wild and domestic herbivorase heavily dependent on the woody vegetation as an
important source of food (de Bie, 1991; de Bie 1998), but there are seasonal variations in

food supply for both grazing and browsing herbivores in the West African savannah.

Furthermore, because, savammahe defined as having a continuous herbaceous layer, with a
discontinuous stratum of disturbaroderant woody species (Ratnaet al., 2011), the
availability of resources such as water and nutrients, and disturbance regimes such as fire and
herbivory (vild and domesticated) are important in regulating the woody cover (Scholes and
Archer, 1997; Housest al.,2003; Sankaraat al.,2004).

guator

Sahelian Zone

ywards the

1esic
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Figure 1.1 Ecologcal map of West Africa, showing the three savannah zones. Source: Adapted

from White, 1983.

The Sahelsavannahis characterized by shrubs and thorny tree species with bipinnately
compound leaves. The Sudan savannah has tropical woodland of treesinmdlelp
compound leaves and dry fruits, while the Guinea savannah is characterized by tropical
deciduous broadleaf closednopy forest of trees with simple broad leaves and moist fruit
(Gonzalez, 201).



There are two contrasting seasons: the wet andsdagon that mainly determine and
influence plant growth throughout the year. Consequergbyannah ecosystems are
characterized by the atominance of trees and grasses with woody cover as a chief
determinant of ecosystem properties (Scholes and ArcB6i7; Houseet al., 2003) The

growth of woody plants occurs throughout the year with highest growth levels during the wet
season, and growth of grasses is confined to the wet season (Bourliere and Hadley, 1983),
with a rapid growth response to the firsihe On the other hand, unlike the grasses, woody
trees and shrubs produce new leaves before the first rains {@wém 1982; Sarmiento and
Monasterio, 1983). The West African savannah, like other savannahs, is a habitat with a
luxuriant vegetation growat throughout the wet season but as the dry season sets in the
vegetation becomes dry, poor and bare in some areas, with attendant impacts such as: reduced
cover and food scarcity for domestic and wild herbivores (Bourliere and Hadley, 1983).

The West Afri@an savannah ecosystecame under considerable pressure after a severe
drought period in the early 1970s and in the-4®&0s, with attendant negative impacts such

as the changes of phenology of the plants, to high numbers in livestock as a result of
migraion from the Sahel zone and to expansion in areas used for cultivation (de Bie, 1998).
These combined factors, resulted in a process of landscape degraBatigni2003;Gaoue

and Ticktin, 2007). These changes were particularly damaging because inshafran
savannah there existed limited local experience with sedentary livestock and hence with
potential stocking rates, management of grazing systems, their control, and grazing rights,
compared to the traditional pastoral zertbe Sahel, as the sawah was mainly inhabited

by sedentary crop farmeesd visited by transhumant livestock.

1.2.2 Brief description of Yankari

This study was carried out in Yankari Noghstern Nigeria (8 56 1 6 03N, 6 37 ® E ;
9 A7 BN\N\j4 41 0 &P LiNDI&ge wildlife reserve with an areap®44 kmz2.Yankari is a
premier game reserve in Nigeria (Sikes, 1964). It is a very populdoedstic destination in

West Africa (Olokesusi, 1990 and Odunlami, 2000). It was estadaliin 1956 and opened to
public use in 1962.
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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 Katlill, at 640m. (Tendet al.,
2009).

Rainfall in Yankari climate is characterized the influence of two wind systems; the seuth

west monsoonal wind which prevails during the rainy season (May to September) and the
north-east trade wind during the dsgason (November to Februarlyijke most parts of the

region, annual rainfall averag€0 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)Temperatoes aregenerally high all year roundbut 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 ambetween 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 Savainzoneof 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¥eerling (1973) described the Yankari vegetation as belonging to



a complexCombretumi Burkea africanavoodland. This is characterised by trees and shrubs
with an open canopy and a matrix of tall annual and tussock forming perennial grasses. He
also notes the presence of a mosaic of riparian vegetation around the river vdieys.
vegetation of Yankari can be categorized as thus: to the east of the Gaji River the vegetation
is classically Sudan type (tropical xerophyte woodland) while to the west of the river, the
vegetation is a transitional type of the Guinea savannah (dry desidvoodland). Previous
studies on the vegetation of Yankari recognized and characterized six vegetation types (Sikes,
1964); twelve habitat types (Geerling, 1973) and fifteen habitat types (Green, 1987). These
studies have remained the standard referelo@@ments on the vegetation of Yankari for

both research and management purposes. Yankari also has a large and diverse freshwater
ecosystem around its freshwater springs as well as the Gaji Rivernumerous natural
springs and the Gaji river valley supp a far more lush vegetation than normally found in

the Sudan savannah zon&he major woodland species ar€ombretum nigricans,
Combretum glutinosum, Combretum molle, Afzelia africana, Burkea africana, Pterocarpus
erinaceus, Pterocarpus suberosa, Isdier doka, Monotes kestingii, Detarium microcarpus

and Anogeissus leiocarpusiyparrhenia involucrateand H. bagirmia are the dominant
grasses. In the riparian foredthaya senegalensis, Vitex doniana, Acacia sieberiana,
Tamarindus indica, Borassus aethiopiurand Daniella oliveri dominate. Large
monodominant stands éfteleopsis habeens@cur uniquely in Yankari. Ithe seasonally
flooded fadamaskicus spp.and Mitragyna $p. are the dominant trees, while tangles of

Mimosa pigradominate the shrub stratum.

Yankari is known for its diverse and charismatic wildlifeluding elephantsLoxodonta
africanag), lions Plantshera leq, hippopotamusHippopotamus amphibiojsAfrican buffalo
(Syncerus caff¢y a wide variety and number of antelopes like waterbab(s defasga
western hartebeestlcelaphus buselaphysspotted hyenaQrocuta crocuty, olive baboon
(Papio Anubig, warthog Phacochoerus africanisand mongoose Herpestes spp
(Odunlami, 2000; Odunlami, 2003¥ankari has the largest viable number (estimated as 350
individuals) of elephants in Nigeria (Omoreti al.,2006; Berglet al.,2011) and one of the
largest remaining in West Africa (Berght al., 2011). Yankari has been designated an
important bird area (IBA) in Nigeria with over 337 bird spediggealor, 2002)Saddle
billed Stork Ephippiorhynchus senegalensismartial eagle Rolemaetus bellicosys
Abyssinina ground hornbillBucorvus abyssiniclis, Nar i n A&palederna magnp n - (
(Olokesusi, 1990), are some of the species.addition, severalspecies offish (26),



amphibians (7) and reptiles (17) have so far been identified in Yankari. ThearAfiock
python Pythons. Sebagethe Nile crocodile Crocodylus niloticus and the Nile monitor
lizard (Varanus niloticusare quite common (Geerling, 1973; Green and Anadu, 1987).

Apart from its large biological diversity, Yankari has many interestinthaeologic and
geographic features such as the Dukkey WhlEshall CavesTunga Iron Smelting{alban

Hill, Kariyo Hill, Paliyaram Hilland the Tonlong GorgeYankari is also famous for the

AWI kki warm springo. The WOX0AIltres pfcléean gprinp as a
water into the Gaji River and has a constant temperature of 31.1°C throughout the year and

has been developed for recreatiblihtours, 2000).

Yankari is an O0islanddé without a hbreHasrmtr z one
been any habitation in Yankari for over a century, but freception it has been traversed by

game viewing tracksthat link communities across the reserve and by which local
communities access and utilize natural resources within the re$eammers and herders

populate the local communities that surround Yankari, other inhabitants engage in hunting

and smalscale trading. The local communities rely on the natural resources in the reserve for

their sustenance, directly or indirectly (Teratlal., 2011)

Previous studies have described the nature of the interaction and have recommended that
urgent actions should be taken to minimize the illegal activities from the local communities
(see Green, 1987hut nothingwas done. A recent study hasghiighted the frequency of
human utilization (lopping) of tree species in the reserve; coincidentally these species are also
evidently browsed by wild stock (Tiseer, 2009). The threats to Yankari are mpaaghing

remains a major threat to large mammalghie reserve illegal fishing occurs in the rivers

and numerous ponds and pools during the dry seéiassnwell as grazing of livestock in the
reserve by Fulani herdsmen (WCS, 2013; 2014).

Yankari is a traditional game reserve strictly under governnwarital and has been, since its
inception in 1962. First it was managed by the Northeast Government and the Bauchi State
government. In 1991, it went under the Federal government of Nigeria as the largest National
Park. Yankari was returned to the Bauchat&tGovernment in 2006. However, taldlife
ConservationSociety (WCS) has signed a memorandum of understanding with the Bauchi
state Government and has taken over the management of Yankari for a petigdans-

from 2014 to 2018. Throughout theseaggfrom inception till now, Yankari has remained a



strict government reserve awidlprits caughttrespassingn Yankari are arrestedand fined

depending othelevel of activity andoffencecommitted.

Yankari is an ideal case study for this researchusecd is a significantly protected area both

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

lion populations (Henschedt al.,2010; BBC, 2014). Yankari serves as a choice venue for
government retreats andeld 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 edourist facilities, one of which serves as the baseline for the
presem study. Yankari, like many protected areas in West Africa is faced with poaching,
illegal wildlife trade, ovemrazing, humaelephant conflicts, effects of climate change,
shortage of funds for effective management, etc. (Agbelusi,1994; Newmark, 200@)aéde

al.,, 2009). Some plant and animal species in Yankari have beeognised by the
International Union for the Conservation of Nature (IUCN) as threatedexorically,
records show that eight species of large mammals (African hunting dog, leopeedah,
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, becdusathe
shefaces are similar to many of the proesgttareas in the West African savannah. A study
done in Kainji National Park, Nigeria (seledunaet al., 2009), revealed that livestock
grazing, farming on parkland, fishing, fuelwood collection, fodder collection and logging are
the main threats the pafces from the villages surroundinglit. a related study on tH&/-
Arly-PendjariWAP complexwhich straddles the borders between Benin, Burkina Faso,
Niger and Togo, inWest Africa (Clericiet al., 2007), the study found that despite the
effectiveness othe 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 splitnto four result chaptergxcluding an introduction and ageneral
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
(backgroundand rationale, description of study site). Thext chapter details general
findings from the resurveyed vegetation transects and additional plots in Yankari 26 years
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after the initial study was done (Chapter 2). As a continuation of further investigations
causes (drivers) of the changes highlighted by Geerling (1973) and Green (1986) and evident
from Chapter 2, the third chapter focuses on exploring the trends in potential drivers of
woody vegetation change in Yankari. The fourth chapter focuses amgaets of herder
harvests on the fodder plants in Yankari,
The fifth chapter, explores the perception of the settled/migrant herders in Yankari on trends
in their herds and availability of fodder ptanin their surroundings. The sixth chapter
describes the implications of the studlydetailsrecommendations for further resegrand

outlines strategies faonservationn Yankari
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Ecological changes in woody vegetation of Yiari Game Reserve, Nigeria (1986 to
2011)

Abstract.

An ecological study to investigate changes in the woody vegetation of West African Savannah
was done. The Yankari Game Reserve, Nigeria was used as a caseTseidstudy
investigates spatitemporal clanges in woody vegetation of Yankari, Nigeria since 1986.
Green (1986) established five permanent vegetation transects in Yankari Game Reserve to
collect baseline data and for long term ecological monitoring. However no surveys have been
conducted since ém. In Oct i Nov. 2011, a resurvey of the original transects Green
established in 19Bwas conductedAdditionaltransects (replicatesyere established also in
thereserve Point centre Quarter method and the plot methods were used to estimate key tree
and shrub speciesnd to compare their current distribution and abundance with those
reported by the previous studyafmeters for data collection included species identification,
trees diameter and tree heights. Comparison of results for both surveys 885 were

done using theR softwareand Excel tools Relative densities and basal areas were
calculated between the two period®985, 2011)Additionally, the study also characterized

the current species composition using size class distributioniespaccumulation curves

and the normetric multidimensional scaling (nMDS). Furthermore the study assessed
changes in vegetation covérom four Landsat image®f Yankari using remote sensing
techniques(The Normalized Difference Vegetation IndexNDVI). The results shovan

overall increase in mean basal area in most of the species belonging to the family of
Combretacaeand high reductions in mean basal area in the species highly utilize as fodder
to feed livestock. The sub habitats in Yankari are sinmlapecies composition. Combertum
nigricans and Combretum glutinosum are wide spread in Yankari. The results from the
ANOVA test runrevealadifferencesacross the four years, even at 0.001 interval level (p =
0.0001) . Tuk ey HS D06 showedaignificantdgference dbeatweenrthie snean
NDVI values of the Year 2012/2009 and Year 224@0. Itwill be beneficial to further
investigate the causes of the changes in the composition and structure of the woody

vegetation of the Yankari.
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2. 1 Introduction

Change in tree cover directly affects the global carbon budget, biodiversity and ecosystem
function. Many studies have reported extensive deforestation worldwide (Carr, 2002t Aide
al., 2013), yet other studies have documented local forest rec(@bazdon, 2008, Walker,

2012 Aide et al.,2013) These contrasting dynamics have bkegely connected to human
population, and social and economic changgnans have interacted with and altered the
vegetation structure more than any other components of the landSemetation changes

have been widely recorded for different ecosystémsughout the world (tla ioesSenior
Practicum 2012; Mitchard and Flintrop, 2013Brandt et al., 2014. While some studies
report declining and disappearing species at different sfalesel and Lykke, 2008.uz et

al., 2009; Spiekermaset al., 2015), others suggest that species are increasing in abundance
(Lykke, 1998 Mitchard and Flintrop, 2013Effects of these declines/increasmanifest in

all aspects of their livelihoods: in food, medicine, fodder, construction; and ultimately
altering ecosystem function and causing habitat loss. Whether species are decreasing or
increasing, acquiring an understanding of the most importargrdrand their interactions in

the environment, can potentially inform conservation strategies for ecological resilience.

The forest resource assessment (FAO, 2010) report, stated that on average, 49 countries in
subSaharan Africa lost 0.5% of their fatecover from 1990 2000 (FAO, 2010). Similarly,

in the period 2005 2010, only seven of the 49 countries reported forest area gain. These
forestgain countries are small in size, and represent only 0.45% of the total area of sub
Saharan Africa (FAO, 2@). Other studies also recorded evidence of recent deforestation and
land cover reduction in this region (Mitchard and Flintrop, 2013). Although the global rate of
deforestation has slowed down in the last decade, the reported global figures are still
alaming (FAO, 2014). For example, the deforestation rate in Africa is four times the world's
averagean estimated 18 million acres (7.3 million hectares) are lost each year, according to
the United Nations Food and Agriculture Organization (FAO, 2014).

Forest resources play a vital role in maintaining the ecological balance and environmental
setup. Oveutilization of these resources has resulted in their depletion, and consequently in
the loss of overall environmental conditions (Kumar, 2011). This chalengrade all the

more urgent by ongoing and escalating loss of biodiversity (Ketnal,2010). The changes
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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 Afican savannah, agmcological 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 herbiv@Besurliere, 1983) Woody
vegetation in the savannah zone provides an important source of fodteser 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 (Weainal.,2000; Sinclair 1979; Barnex al.1982;
Gandahet al., 2003; Lykke, 2006). This has resulted in a combined process of degradation,
where droughts have induced the replacement of perennial plant spe@asual species

and of species with high water requirements by droetghtant species (de Biet al.,1999).
Following the drought, there has been an increase in livestock numbers, mainly cattle and
sheep, as a result of increased migration from tHeelSzone. This, coupled with the
eradication of diseases (Trypanosomiasis and-hiredness) and more effective medication,

has resulted in increased grazing pressure by livestock in areas not historically available for
grazing and an expansion of theamsed for cropping (de Bat al.,2002). Most previous
studies on droughts have concentrated on the Sahel ecosystem (LeHouérou, 1980; Cisse€,
1988; Wezel and Lykke 2006, Gonzattsal.,2012 and Spierkermaet al.,2015).

Previous vegetation studiestime Yankari (seeSikes, 1964 Afolayan, 1980; Geerling 1973;

Green, 1987;Abdullahi et al., 2009) have focussed on vegetation classification and
description of the generahreats facing the vegetation. Increase in the magnitude of
indicators of these threats have been described (Longtong, 2008; Ozhah¢?2006; Bergl

et al., 2011 Nyanganjiet al., 2012. The author also observed théankariis 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 paydhe 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 veggta of Yankari as shown in Table 2.1.

Table 2.1: Previous studies onawdy vegetation classification of Yankari Game ReseNigeria
The classification are described lywimbers 15. 1 representghe same vegetation type in dbbur
studies]ikewise 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 stdudan
Zone

4 Sub sudan zone

Tuley 190 Unknown Unknown Afrormosia-Detarium savannah
woodland

Geerling 1973 Step wise method Presence/absence of | 1 Afzeliasavannah woodland
canopy cover, height | 2 Combretaceousavannah

of canopy and plant | woodland

species were identifie¢ 3 Combretaceoushrub savannah
4 Detarium savannah woodland
5 Riparian vegetation

Green 1986 PCQM Plant species were 1 Afzeliasavannah woodland
identified, DBH 2 Combretaceousavannah
measured and the woodland
distance of plants fron| 3 Comlretaceoushrub savannal
the pointer were 4 Detariumshrub and tree
recorded 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 &®and 25 years old respectively, and no
longer provide reliable information on the current situation. Additionally, the management
plan for Yankari (Green and Amanche, IP& about30 years old and has neither been

updated nor reviewed.

Furthermore, lie reports of both Geerling (1973) and Green (1986) have also highlighted
some concerns: Geerling (1973) noted that althoAghcia ataxacanthawas heavily
browsed by elephants during the dry season, the vegetation was able to regenerate during the
wet seaon. Green and Amance (1987) noted that the main comtetime time was that
elephants were killingBorassus aethiopurand Adansonia digitatafaster than they were
regenerating. Additionally, the authors also reported on the extenshgdf dié trees and

shrubs in the savannah woodland as a consequence of the droughts, and added that even
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though the vegetation was vulneratwdrequent fires, drought was a key factor in theafie
of the trees This is evident by some drougtdsistant specieBalanites aegyptiacaand

Sterculia satigerasurviving at the time (Green and Amance, 1987).

Green (1986) established five permanent vegetation transects at Yankari in order to collect
baseline data, as well as for long term ecological monitoring. However, mprebensive
surveys have been conducted since 1986. The baseline data collected by Green (1986)
therefore provides the background to this research. This study investigatesespptoal
changes in woody vegetation of Yankari, Nigeria since 1986. Trenioly objectives guide

this investigation.

The present study focuses on Sudawannahn the West African an important droughts

prone area to investigate changes in the woody vegetation species. The rationale behind the
study choice is based on thmited assessments in the West African savannah. This study
investigates and quarigk the processes of woody vegetation change by combining direct
measurements of trees and shrubs and also satellite imi&gestudy will further aidegular
monitoring of cimatic and ecological changes as well as the dynamics of other stressors in
order to determine effective response strategies that can help to better protect ecosystems and

ensure greater species survival.

1 To measure and estimate abundance of the mostabutree and shrub species in
Yankari

1 To resurvey and compare the current distribution and abundance of key species
(across the sub habitats) with those reported by Green (1986).

1 To investigate changes in vegetation coveankariusing remote sensj.
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2.2 Methods

2.2.1 Study design: Yankari woody vegetation composition and distribution

Sixteen most dominant(Dominance is the degree of predominance of one or few species
compared to its competitors in an ecological commuiiikye species areumerous to form

the bulk of the biomas#t also implies that the species not only make a major contribution to
the total biomass of the plant community but also tends to impact the environment as well as
influence the quantity, distribution of the assteihflora and faungGrime et al., 2014)
Dominance can be measured as either counting individuals ofirgsedir estimating
biomass /basal area is for of large tr@esvoody plantswere reported byGreen(1986):

Afzelia africana, Combretum glutinosum, or@bretum nigricans, Bossia salicifolia,
Ptericarpus erinaceus, Detarium microcarpum, Strychnos spinosa, Combretum molle,
Terminalia laxiflora, Khaya senegalensis, Balanites aegyptiaca, Ptericarpus suberosa,
Anoggessius leiocarpus, Crossopteryx febrifugamarindus indicaand Burkea africana
Additionally, this study identified six main vegetation types in Yankaat the time
Combretaceoudree savannahAfzelia savannah woodland an@ombretaceousshrub
savannah Detarium shrub and tree savannah, Gaji riveomplex and Tonglong gorge
complex, which are largely defined by the abundant species. However, the resurvey
measurements in this study focdsen only four out of the six vegetation types
(Combretaceousee savannatifzeliasavannah woodlan@ombretaeousshrub savannah,

Gaji river complex) Furthermorethe dominantwoody plantsnentioned earlier are classified

into the following ecological types: herder and elephant preferred (HE), prone to fire and
drought (DF) and others, neither belonging to HED& (O) (see Table 2.2). The assigned
codes (HE, DF and O) to these classes are for ease of identification and discussion. This
classification is based on intensive literature sedrehHouerou, 1980Cooperet al., 1988;

Bayer, 1990; de Bie 1998; Swajne 19 9 2 ; Lykke, 2000; Bond anc
et al.,, 2007; Ouédraog&oné, 2008), providing the basis that these species can be

considered under these ecological groups in this study.
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Table 2.2: Categories oflominantplantsin Yankari desiged for this study

S/No  Elephant + Herder pref.(HE) Drought + Fire (DF) Others (O)

1 A. africana C. glutinosum B. salicifolia

2 P. erinaceus C. fragrans D. microcarpum
3 S. spinosa C. molle T. glaucescens
4 K. senegalensis B. aegyptiaca P. suberosa

5 B. aegyptiaca A. leiocarpus G.senegalensis
6 T. indica C. febrifuga

7 B. africana

2.2.2 Survey plan

Data was collected using vegetation surveys and remote sensing imageries. An inventory of
woody vegetatiorwas carried out in the two main habstgsee, chapter 1) of Yankari. To

reduce biasthe authorused the same methods and the sai
survey, for thgoint centre quarter methoBCQM) survey (see, 2.2.2.1). Additionally, a plot
methodwas usedo give a more robust satimy, and extended the sampling to cover the

riparian forest. To supplement the data from the field survey, remote sensing images were
downloaded from the United States Geologic Survey (USGS) website. Image classification

and processing were duly carriedt @ndprocedure igliscussed in greater detail in Section

22.2.4

2221Greenbdbs survey (1986)

Green (1986) reported thRCQM (Cottam and Curtis, 195B6luller-Dombois and Ellenberg
1974),was chosen for its rapidity, simplicity and relative accurd@gntrary to the plot
method, ploiess methods, such as PCQM, involve measuring distances for a random sample
of trees, typically alon@ transecgtand recording the characteristics of interest for the sample
(Michell, 2007). ThePCQMis perhaps the mosbpular of the pletess sampling techniques.

Each point represents the centre of a measurement. From the centre (pointer) a compass is
used to define four quadrants. The closest plant from the pointer in each quadrant is
determined, and distance betweer tilant and the centre is measured, along with the
diameter at breast height (DBH) which is used to estimate the area covered by the plant.
Typically, four plants are measured at each sample point. Figure 2.1 is an illustration of the
PCQM.
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1 quarter 2 quarter

Perpendicular
line

4 quarter \ 3 quarter

Pointer

Figure 2.1 Typical point centre quarter method

In August five transectsvere erected (Green, 1986) collect baseline data for future
monitoring of the vegetation iMankari.The baseline data were collected in September and
October 1986. This period marks the esfdthe wet season, and the vegetation is easy to
identify. Greends choice of transect Focatic
habitats in the Yankari. Samples were collected at only five locations in Yankari at the time.
However,the autlor reported to have had logistical limitations, and the plan was that the
survey would be repeated every fiiwe years. All five transects were located adjacent to

game viewing tracks. Sampling points occurred along the compass traverse at ten pace
inteval s. This was chosen to satisfy the requi
within each quarter of each sampling point and an individual plant must not be measured
more than once (Green, 1986). Seventy five points were surveyed per trahseftst four

transects were divided into four segments (25, 25, 13 and 12). Transect 5 had six segments of
13 and 12 sampling points; this was to avoid extending into a different vegetation type,

Figure 2.2.
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Figure 2.2: Point centre quarter methaampling design for woody vegetation baseline survey of
Yankari Game Reserve, Nigeria (Green, 1986).

300 woody plantsféur samples per measurement point) were measured per transect (> 10.0
cm DBH are considereahature plants10.0 cm DBH aresaplingsand2 m in height. Plant
species were identified, DBH measured and the distance of plants from the pointer were
recordedBreast heigh{DBH) is generally measured in estimationtiifes astem diameter

1.30 m above the groun(Kankareet al.,2013 and Casfe-Santamaria, Javieet al.,2013.

In the context of this studythe same estimation was used to sample adult trees and saplings.
However only saplingstarting from2 m heightwere included in the measurement of breast
height.

2222Aut hor y@01l%ur ve

Field measurements were carried out betvae@ctober and @ November 2011 itvankari

Nigeria. The expectation was that the state of the vegetation would be relatively comparable
with Greends (1986) survey, wr randcOrlctober 4986. c o n d u
The transects that Green originally laid weresueveyed, and additional measurements were

taken within the same sthabitats. A topographic map and the infrastructure map of Yankari
(Geerling, 1973 and Green, 1987) served as guidéwsde the original transect&PS ce

ordinates and elevation were recorded at each point. In transect five, the pole which Green
(1986) reported as having been erected, was discoveredutthier assurd the authoron
precision on Giosase $ames measurammeste and procedwes were used in

each transect, as shown in figure 3.
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Figure 2.3: Point centre quarter methedmpling design for woody vegetationsgrvey of Yankari

Game Reserve, Nigeria
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Sample units were measured and four {soimere marked and 4urveyed with the PCQM

(Figure 2.3). The major difference between the two surveys, was the interval between

sampling points. Green (1986) used 10 m, whilst the recent survey used 20 m. During the re

measurementshe authoencounteréd many plants overlapping between points, possibly as a

consequence of structural habitat change (Noss, 1883 resulf the measurements were

adjusted to 20 m

nt erval

S .

The

Ssame

par ame

identification, treediameter, tree height, and distance from the pointer. Indicators of human

activities (lopping, logging, and stumps) were also recorded, photographed and mapped

(Figure 2.4). Thirty six points were recorded in each transect, covering auoteledarea

of 720 m?. All sampled plants species were confirmed and identified by thélaléseer, a

plant taxonomist in Ahmadu Bello University ZafidNigeria.
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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 pointslj201

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 withimegetation type variationSamples were taken 50 m from the

surveyed tracko avoid any biases that mayedt the habitat as a result of the track. In each

transect, 10 plots (20 x 20), of five plots each separated by 200 m distance were surveyed
(seefigure 2.5).
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Figure 2.5.Plots sampling design for woody vegetation of Yankari Game Reserve, Nigaita. Ea
grey square represents a 20 X 20 m @lot. sample design faEombretuniree savannatifzelia
tree savannalombretunshrub savannah and B = Riparian vetieta

The interval between any two plots was 20 $tratified 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 hAkibéhl number of 115 plots

were surveyed; 100 (10 plots per transect) plots in the savannahtiegated 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 identifieree 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 somanuleghrub
species. Both men have extensive experiewoeking with the late Dr. Tiseer on the
vegetation in Yankari. Dr Tiseer confirmed the identificatdone by the dudefore his

demise.

2.2.2.4 Image classification and processing

Ecologists recognize the need to understand ecosystems based on atsssfimgtioning
over long time scales (Oldfiekt al.,2000). Remote sensing tools offer the important means
to enhance change detection in ecosystems (Jehs¢2004). However, the need to
incorporate spatial and temporal information, relatigmshand quantifications of physical

habitats are critical components of any study that analyses a changing landscape. Past studies
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have demonstrated the potential of using Normalized Differential Vegetation Index (NDVI)
The NDVI is used to simply and quigkidentify vegetated areas and their condition, and is

the most used index to detect live green plant canopies in multispectral remote sensing data.
(NIR — VIS)

The NDVI is calculated with the formula:”~ (NIR + VIS)

Where VIS and NIR stand for the spectral reflectance measutemenuired in the visible
(red) and neainfrared regions, respectively to study vegetation dynamics (Townshend and
Justice, 1986; Verhoet al.,1996).

The previous authors illustrate the value of using high temporal resoMiidispectral
Scanner Sstem(MSS) imagery to monitor changes in wetland vegetation and document the
importance of image temporal frequency for accurately detecting forest changes in the south
eastern United Statg&lvidge et al., 1999 and Lunettaet al., 2004. With the advenof
MODIS NDVI 250 m data, time series data analysis can be adapted for higher (moderate)
resolution applications. However, the utility of the MODIS NDVI data products are limited

by the availability of high quality (e.g., cloud free) data (Jin and Sa@ég)2

The authordownloaded Landsat images from the United States Geological Survey (USGS)
website. Four Landsat 7 (EMT+) images for yez060, 2004, 2009 and 2012 were selected
based on the time of year, cloud cover and auméd of censor calibratigroblems. These
images were unzipped and stacked using ERDAS IMAGINE 2013 to produce the image
(.img) thatwasread in ArcGIS 10.1. The Normalized Differential Vegetation Index (NDVI)
were created using ERDAS IMAGINE for each of the selected images, ardydidpn
ArcGIS 10.1. The fishnet tool in the ArcGIS 10.1 was used to create sample poiind g X

X 2 km). The position of the points were adjusted, to avoid the missing data caused by the
scan line corrector failure (SLC). A comparison of point lareti acrosgour images and
manually moving/repositioning those occurring over clouds or cloud shadows was carried
out. The NDVI pixel values from each image at the point location were extracted. The
abnormalities in values were checked and corrected (raddifieir location)while others

were excluded from analysis
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2.2.3 Data analysis:

The authomused 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 tmllected

this chapter.

Characterization of biodiversity through inventories can be useful in the planning of
operations that aim to conserve biodivergiBelbin and Collins 1995Faith and Walker,

1996; Kelema, 2010). Species richness is an important index in characterizing the number of
species in a community (Whittaker, 1972; Hubbell, 20&lchange in species diversity is

often used as an indicator of anthropogenic or natural disturbances in an ecosystem (Liu and
Brakenhielm, 1996; Kalema, 2010). Therefdhe species accumulation curwesre usedo
determine the alpha and beta divegrgi/hittaker, 1972)f the 115 sampled plots across the

sub-habitatshat were studied.

The size class distribution (SCD) 16 top (most abundant) species were analysed, based on
the dataset from the 2011-sarvey of Yankari. SCD analysis followed thetimod used by
previous authors (Conddt al., 1998; Lykke, 1998)Plant diameter at breast heigii?BH)

was useds an indicator of the growth potentials of the top spebiBsl was calculated for
individual species, and the sum across all plotsewsedto plot the bar graph for each
species.The DBH were grouped into seven classes ranging from 0 to 61df: dlass
describesaplingswith DBH = >10cm/2 cm heightand 1220cm to 61& above are trees with
DBH is < 10cm). Bagraphs were plotted for eachegpes to allow visual comparison. The
shape of the population structure of each was interpreted following E\adratd (1995);
Obiri et al.,(2002), Mwavu and Witkowski, (2009).

Non-metric Multi-dimensional Scaling (hnMDS) (se@auch, 1982) was used visualise the
relationships (dissimilarities and similarities) across the fourhsiditats of Yankari. Data
collected from the riparian forestasincludedto this analysis. The vegan ordination package
was used to plot the graphs. Mean basal area (B&9 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 tothe author during theme of this study Therefore the best comparison between

the mearBA for the two studies relied on a basic estimation.
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The relative basal area could not be compared, as the baseline did not provide absolute values
to work with. The baseline study proed summaries of the data collected in 1986 (relative
densities, relativBA, total counts of trees, etc.), therefooptions of data analysesere

limited and compason were madeonly betweenthe mean basal area and standard errors.
The BA of individual specieswere multipliedby the number of plants recorded by Green
(300),the figures weralivided by the number of plants earlier recortdgdthe autho(144).

X * 300/144. This was to enabtbe authorcalculate the mean BA for each sub habitat per
period (1986, 2011) and work out the standard errors. Bar graphs were plotted inThecel.

same standard errors were used for the two periods, because they were not available for the
Green (1986) data.

Finally, to investigate the spectral changes in the te¢iga coverin Yankari from Landsat
remote sensing images, the NDVI values of four yeasse created2000, 2004, 2009 &
2012) from Landsat 7 (+EMT).The NDVI valueswere usedas indicators of temporal
changes. ANOVA was used to test the variation batwears. A pairwise comparison using
TukeyHSD was used to detect where the difference lay. The Tukey confidence interval was

plotted to show the significance level.

2.3. Results:
2.3.1 Spatial and temporal comparisons of field surveys (1986 and 2011)
2.3.1.1 Species richness for 2011 plot survey

Figures 2.6 (4 d) show estimates of species richness in eackhabliat. Combretim tree
savannah andAfzelia tree savannah show higher beta diversity, Riparian Forest show
moderate beta diversity a@bmbretim shrub savannah show very low beta diversity and on

the contrary high alpha diversity.
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Figures 2.6(a - d): Figure:Comparison ofSpeciesi accumulation curveef four subi habitas in
YankariGame Reserve, Nigerig.i axis represets the numbreof species sampled while thé »axis
represents the suthabitats sampling was carried oat= Combretuntree savannah; bAfzeliatree
savannah; ¢ €ombretunshrub savannah; d = RiparigagetationYellow boxplots: species richness
by stratified random sampling.ight blue polygon: 95% confidence interval of species richness

2.3.1.2 Size class distribution eifkxteen of thedominantwoody plantspecies

SCD of the 115 plots surveyagepresented in figure 2.7DBH of 07 10 cm is tke dominant
class; this shows that more shrub species than tree species dominate thediatétaksiri,
Nigeria. Nevertheless some specids @fricang K. senegalensjsB. aegytiacaand A.
leiocarpus) have some trees in larger size classes but show rabhostructures.
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Figure 2.7: Sizeclassdistribution ofsixteendominantwoody plantsas suggested by baseline study (see, Green 198@Gnkari Game Reserve Nigeria.
Thesedominantspecies were categorized according to threat gréifps: herders andlephants 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 pl#sesSaEm® shown on the
x-axis and number of indivichls on the y axis
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Comparison oBA per hectare across the sub habitats for 1986 and 2011, show an increase of
species abundance in twodmbretuntree savannah ar@ombretunshrub savannah) of the

three habitats and a reductionAifzeliatree savannalfFigures: 2.8

4500 ~
4000 A
3500 A

2000 A m 1986
2011

Basal area/ha m2

CMTS AFTS CMSS
Sub habitats

Figure 2.8: Comparison of Basal Area per sample area (per hectare) for vegetation surveys in
Yankari (1986 and 2011Results from the two way pairedédst shows no significant reduction in

basal area betweenethwo surveys (p > 0.05Pata 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 =Combretuntree savannah, AFTS Afzeliatree savannah and CMSSCembretum

shrub savannah.

Results of the comparison of basal area per sample area for species of category HE (species
used as fodder) across the $abitatsshows clearly, the changes that occurred between the
two periods.However, the results from the twway paired test shows no significant

reduction in basal area between the two surveys.

Only A. africana and S. spinosawere recorded for the two periodB. aegyptiaca, P.
erinaceousand T. indicawere not recorded in the locations Green (1986) sudvélygure
2.9
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Figure 2.9 Comparison of Basal Area per sample are? @hthe 16 dominantwoody plantgminusKhaya senegalengisn Yankari (1986 and 2011). Data
represent mean values of BA per total sample area for the two periods across sub(Gabit8t AFTS and CMSS). CMTS €ombretuntree savannah,
AFTS = Afzeliatree savannah and CMSSCombretumshrub savannalHE = speciepreferredby herders and elephanf3F = species that are prone to
drought and fire: o = other species not belongingjtteer of the two groups.
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