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ABSTRACT

Foraging behavior of elephants with respect to debg of woody species was
investigated in Samburu and Buffalo Springs Natiddeserves, Kenyacacia elatiorwas
the most preferred species followed Bgacia tortilis Both A. elatior and A. tortilis
dominate the woody vegetation accounting for ov@¥8of all woody plants. Debarking
levels varied in different parts of the reserved #ns was attributed to elephants’ densities
and the ultimate influence of endaphic factors pecges assemblages. Species diversity
indices were negatively correlated with salinitglizating a direct influence of salinity on
plant community structure. BotAcacia tortilisandA. elatior have the highest tolerance to
salinity and occur almost exclusively in salineaa:eDebarking was highest during the dry
months just before the rains.

Through chemical analysis of bark samples colledtedh trees utilized at various
intensities, the influence of bark mineral contemt elephant's debarking behavior was
assessed. Samples were analysed for Nitrogen (dspRorus (P), Potassium (K), Calcium
(Ca), Magnesium (Mg), Sodium (Na), Iron (Fe), Mamggse (Mn), Zinc (Zn) and Copper
(Cu). The most preferred and abundant speéieglatior had significantly higher nutrient
elements tha. tortilis, the second most abundant. Debarking was positoaiselated with
levels of N, P, K, and Zn. Of these, crude pro{dinhhad the greatest influence on debarking
behavior. Soil samples were collected in the sited analyzed for physical properties and
content of the above elements as well. Site diffees in soil mineralogical content
influenced bark nutrient content significantly imst study as there was significant positive
correlation between nutrient content in bark andain samples from each plot. Phosphorus
content was found to be high in soil but remarkaloly in bark despite its significant
correlation with debarking behavior. Aridity of tlagea, high soil pH and coarse soil texture
contributed to generally low nutrient content ofl sind subsequent unavailability of the

nutrients to plants.

Key words:elephants, foraging, debarking, preference, sattient



CHAPTER ONE
1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

The African elephantsLfxodonta africanp in East Africa comprised of 80-100
discreet units of geographical populations each wé&asonal range in the order of 130-260
km?before the 1970s (Laws, 1970). Their numbers weamdtically reduced by the upsurge
in ivory poaching in the 1970s and early 1980s (@as-Hamilton, 1989). The coalitions that
formed during the late 1980s and their respectaening of ivory trade has helped in the
recovery of most populations (CITES, 2002). Theklma-Samburu region is one of the
MIKE (Monitoring of lllegal Killing of Elephants) ites in Africa. The implementation of
MIKE started in 1999 as a CITES initiative and igical to developing a rational approach
to elephant management in Africa (CITES, 2002). Th&ipia-Samburu region had over
5,000 elephants in 2002 with an estimated averagea increase rate of 3.5% (Omoredi
al., 2002). Save the Elephants and Kenya Wildlifevi8erimplement the MIKE program in
the Laikipia-Samburu MIKE site in Kenya.

Elephants in Samburu National Reserve (SNR) anfaRBuSprings National Reserve
(BSNR) are part of a bigger subpopulation whosgeaxtends south to Laikipia District and
further up to the north of the reserves in SamhbDrstrict (Thouless, 1995). The adult
elephant population in the reserves is highly skkindavor of females and the reserves are a
focal calving area (Wittemyer, 2001). The resulfpapulation dominated by young-ones and
lactating cows would be expected to forage divgrsel the community of woody species.
The preferred habitats of the African elephant farest edge, woodland, bush-land and
wooded bush-land or bushed grassland (Laws, 19H®.riverine vegetation in both SNR
and BSNR is a critical support for elephants whesources outside the reserves are depleted

or in escape from human competitiMiittemyer, 2001).



1.2 Literature review

At the root of all elephant problems is their effea the habitat (Douglas-Hamilton,
1972). Attention in East Africa is invariably drawo woodland change to open grasslands in
the presence of elephants (Buechner and Dawkin6l;1€@roze, 1974; Barnes, 1982).
Dramatic changes in vegetation were brought abgpuléphants, often in combination with
other factors such as fire, incurring elevated aliyt of mature trees and suppressing
recruitment and regeneration. The problem is predgd by compression of elephant
populations into parks and in response to expantdumgan settlement (Cumming, 1982).
Larger group sizes have a greater impact on theatdaban the actual densities might imply
(Laws, 1970), and the impact may vary consideraiMgr distances of a few kilometers
depending on the distribution of water suppliesn®ahar, 1993). When trees and shrubs
are debarked by elephants, they become far moneralile to fires, especially during the dry
season when most damage occurs (Buss, 1961; La%@8).1

Elephants were largely responsible for substardedline in theAcacia tortilis
woodland in the Seronera woodlands through destrucif mature trees and subsequent
suppression of the regenerating shoots due to Imgviy giraffe (Pellew, 1983). Maturk.
tortilis trees were considerably damaged by elephants ke DManyara and the damage
consisted of bark stripping whereby the ring barlteds eventually died (Vesey-FitzGerald,
1973). In the Sahelo-Soudanian region, elephamtsnaplicated with vegetation change in
structure and composition through their varied sealkchoice of food items that include
debarking in the dry season (Pamo and Tchamba,)20B& density oAcacia xanthophloea
trees in Seronera river valley, and the frequeridh® species’ large trees along the Seronera
river terrace declined by approximately 30% dueléstructive impacts of elephants (Ruess
and Halter, 1990).

One aspect of elephant feeding behavior that casceildlife managers of national
parks in savannah ecosystems is their habit qfbg bark from trees (Ruess and Halter,
1990). Several theories have been proposed suggeftiat it is a consequence of
physiological changes in the elephants and thes tfBarnes, 1982). The factors underlying
differences in species utilization have not beemstigated (Holdo, 2003). Riparian habitats
serve as key habitats for elephant by providingderof adequate quality at the height of the
dry season (Buss, 1961). The fibrous barloélatiorhas a high tensile strength and tends
to be ripped off in strips by the elephants (Dosgldamilton, 1972). Buechner and Dawkins

(1961) noted that the most severely damaged treesha ones for which elephants have



developed a predilection; consequently elephanek seit these trees until they become
completely girdled and die within two years.

The elephant is an intermediate feeder, consumitiy ¢rass and browse in different
proportions at different times of the year (Beeknaaua Prins, 1989). The use of different
plant species by elephants falls into four broamgaries in terms of how they are utilized,
(i) those that are selected, (ii) those that ailizedl in proportion to their occurrence, (iii)
those used infrequently, and (iv) those not usedilitor rejected (Page, 1995). The
utilization may be via foraging on leaves, twigsots or the bark (Holdo, 2003). The daily
food intake of elephant averages 1.0 - 1.2% of budgs for males and non-lactating females
and about 1.2-1.5% for lactating females (Owen-Bni988). The intake increases when
food quality declines (Meissner and Spreeth, 1990).

The ultimate importance of nutritional balancendividual fithess provides a strong
argument for viewing landscape and regional hereivtistributions from a forage nutrition
stance (Seagle and McNaughton, 1992). In the Afrisavannas, there are seasonal
fluctuations in plant biomass, nutrient content aigestibility (Pamo and Tchamba, 2001).
Past studies on food selection by elephants haweséal on leaves rather than other parts
(e.g. Jachmann, 1989; Holdo, 2003). Holdo (2003gchdhat elephants feed extensively on
the bark of woody plants. Elephants have been decbto use their tusks to gouge trees and
then use their trunks to peel the stringy cortethefbark off (Vesey-Fitzgerald, 1973).

Elephants selectively suppress the regeneratiatesifable species when they occur
in gaps created by falling trees, as they prefatiynforage on their saplings (Jachmann and
Bell 1985).A. tortilis is easily killed by moderately high debarking oamch removal (Page,
1995). Selective feeding by mammalian herbivoreshenmore palatable woody species can
result in domination of the vegetation by the cleaity defended woody species (Bryaatt
al., 1992). Due to the constant hedging of preferreecigs, an area heavily foraged by
elephants will show a change in composition withirearease in stem density of small trees
of some species (Jachmann and Bell, 1985). Thedtrmgfaelephants on woody vegetation
has led to concern about possible extirpation ahpbpecies and of animal species whose
persistence is dependent on forest or woodlanddiahiombardet al, 2001). The influence
of large body size on foraging ecology has the m@ikto affect the success of some woody
species and possibly lead to extirpation of soneéepred species (O’'Connet. al 2007).

The percentage of browse in the diet of an elepisamigh during the late-dry season

and drops off rapidly in the wet season (Osbor®420The quality of food eaten is higher in



the wet season than in the dry season, and brosvdaics higher concentrations of proteins
and fatty acids than are found in grasses (Bart@82). Elephants should favor food types
that permit a rapid rate of nutrient intake; foddsn which the greatest amount of digestible
protein can be sequestered per unit time (O’Coratoal., 2007). Woody forage takes a
longer handling time than herbaceous forage leatdirigwer mouthfuls per minute, 2.7+0.5,
compared to 5.3+0.5 on herbs, but it constitutésethe biomass of the herbs (Croze, 1974).
Ingestion rates of bark or woody roots are the skivbecause of the time taken to harvest
and chew (O’Connoet al, 2007). Protein concentration of browse can b&upvice that of
grass during the growing season and is more canstem the annual cycle (Dougadt al,
1964). The protein content in browse materialscseteby elephants ranges from 6.7% in the
dry season to 10.7% in the wet season (MeissneSarekth, 1990). An elephant’s size and
digestive system result in a hierarchy of selectmmplant types, species and plant parts in
response to seasonal changes. The populationsiah wie expected seasonal pattern shows
an increasing proportion of bark and roots beingsaoned during the early dry or even wet
seasons are likely to be experiencing nutritiotraiss (O’Connoet al.,2007).

Elephants in East Africa prefer grasses in theseason turning to browse in the dry
season when grass has withered (Barnes, 1982)crlide protein and fibre content in the
browse fluctuates less than that of grass (Fi€dd,1ll Woody parts dominate the diet in dry
season but leaves and shrubs are eaten throudfeoyedr (Barnes, 1982). When green grass
is less available during drought years, elephamtfarced to increase consumption of bark
earlier in the season when they are relativelyniiost palatable (Styles and Skinner, 2000).
This results in increased impact on woody plantsb{®n, 2004). Oliver (1978) argued that
elephants are dentally specialized towards grasdirfg but because of changes in the grass’
seasonal availability; they must be able to swittllternate foods such as browse. Despite
its higher lignin levels, browse offers higher Isvand diversity of nutrients (Jachmann,
1989). Large-bodied herbivorous mammals survivdomd of lower quality owing to their
higher absolute metabolic needs, higher digestffieiency, and lower specific metabolic
rate (Belovsky, 1997). Edaphic factors influendet djuality since plants derive nutrients
from the soil (Scholes and Walker, 1993).

Elephants’ utilization of trees entails switching bark stripping as tree height
increases (Smallie and O'Connor, 2000). Tree bngaiki consistent with the elephant’s diet
(Ben-Shahar, 1993). Elephants consume consideaambeints of bark and roots of the felled

trees to supplement their grass intake (Barne)188rgeAcaciaspp. trees are uprooted by



bull elephants for nutritional rather than socedsons as it is the younger low ranking bulls
that are often involved (Croze, 1974). In Ruahaidwa Park, elephant bulls were recorded
to feed on the bark throughout the year but matensively in the early and late dry season
(Barnes, 1982). Barnes (1982) and Owen-Smith (1%88jgested that bark is consumed
mainly for its sugar-containing phloem tissue, tas most consistently utilized during early

spring when sap flow through phloem is most actreélowering or leaf flush.

Elephants have been observed to gouge small bitthefbark of marura tree
Sclerocarya birreasmell or taste it first before deciding on whethe abandon the tree or
peel bigger strips and eat (Gadd, 2002). Likewrssy thave been observed to fell trees,
sample them for less than five minutes then protedell another of similar species and size
nearby which they devour for hours (Croze, 1974ghSobservations suggest that there exist
differences between species and amongst treee ¢faime species. A mammal’s avoidance
of a plant is based upon some fundamental nutatideficiency in the plant’s tissues or the
presence of specific phytochemicals which are watphle or adversely affect the mammal’s
physiology (Bryanet al, 1992). Mature bark of different species diffengely in chemical
and structural composition but the physical stmectlone can not explain preference (Malan
and Van Wyke, 1993).

Relations between bark consumption and other mitri@ different studies have been
inconsistent with some studies showing high delpgrkntensity to be positively correlated
with crude protein, calcium or magnesium (Croze&}4t Hiscocks, 1999). Jachmann and Bell
(1985) found leaf sodium and protein concentratmibe major factors determining browse
quality for elephants, with the concentration oflison being related to that of magnesium.
Holdo et al., (2002) reported that elephants compensate folaesodium levels in the
Kalahari Desert woody vegetation and water sourbgsgeophagy where elephants
selectively consume soils rich in sodium.

Female elephants have different physiological néexs males (Stokke and Du Toit,
2000). They have been recorded to spend a greetpomion of their time on salt licks
consuming more soil to compensate for low sodiuveliin their diet (Holdeet al, 2002).
Female elephants and their families are more sedeéteders and feed more on woody
species than adult males (Stokke and Du Toit, 208@rnes (1982) noted significant
differences between bulls and cows in the time speeding on individual baobab trees,

Adansonia digitata



Macronutrients  for both  plants and animals are nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), magne$Mg), chlorine (Cl) and sulphur (S)
(Whitehead, 2000). The N: S ratio in soils is ratbenstant, typically 7.7: 1, indicating that
the stabilization of S in organic matter (OM) imdar to that of N (Nguyen and Goh, 1994).
Sodium and Chlorine are micronutrients for planis tnacronutrients for animals. While CI
may accumulate as salts of Na and K in arid ari¢ds, barely retained for long by soil
constituents and hardly any is observed in senésmrbage and was omitted on this basis.
Iron (Fe) is a macronutrient for plants and is ¢w tborderline between micro and
macronutrients for animals while Manganese (MnhczZfZn), Copper (Cu), Molybdenum
(Mo) and Cobalt (Co) are micronutrients for botargs and animals (Whitehead, 2000). The
amount of Mo is low in sandy soils and its adsamtis very low under conditions of high
pH &5) (Whitehead, 2000); conditions that are charatterof the reserves according to
Young (1976). Cobalt after being released by weaibgas adsorbed by Mn and Fe oxides or
is complexed by OM (Whitehead, 2000). The adsonpéind complexation with some of the
oxides reduces cobalt’s solubility and availabiliyhitehead, 2000). Cobalt’s availability is
increased when the drainage is very poor (Berbal, 1983), which is converse of soils in
the study area that have been reported to be vafiet (Barkham and Rainy, 1976).

Phosphorus plays an important role in animal reppecttdn and lactation (Groenewald
and Boyazoglu, 1980). N, P, Ca and Fe are majostitnants of animal body tissues. Na, K
and Mg are important for buffering pH and osmoragah, while the micronutrients Mn, Zn

and Cu are major constituents of enzymes (Groemkaral Boyazoglu, 1980).



1.3 Justification

Since not all nutrient elements could be analysédinvthe scope of this study, the
decision on what to analyze was made based onxiséng knowledge of elements’ co-
occurrence in soil, their availability to plantsdamtimate importance in animal nutrition. All
of the elements discussed above may have more dharfunction. Following the above
considerations, a list of elements to analyze forsoil and bark samples was drawn as
follows; N, P, K, Ca, Mg, Na, Fe, Mn, Zn and CurtiRRaular bark samples were also analysed
for neutral detergent fibre as an indication ofatondigestible fraction of the bark. In
addition to these elements, soil samples were aedlyfor total organic carbon as an
indication of organic matter decomposition. The sérg knowledge of tree-elephant
relationships is largely on studies conducted osetl parks whereby within such systems,
there is the potential of tree populations goingn&ar extinction as a result of elephant
browsing (Barnes 1982). Though the reserves supperbulk of elephant population in the
area (Thouless, 1995; Wittemyer, 2001), it is pdbe¢ shown that the observed debarking and
subsequent death of some woody plants occurs a&sut of elephant having a distinct
preference for some species, and not simply assaltref excessive concentration of
elephants.

Despite the knowledge that elephants feed on tadesbn East Africa and elsewhere,
(e.g. Douglas-Hamilton, 1972, Gadd, 2002), studieghemical composition of bark as part
of elephant’s diet are few for most African treegg( Malan and Van Wyke, 1993; Smallie
and O'Connor, 2000). No study has been carriedimwhow how the observed elephant
debarking relates to the trees dietary content ami$uru and Buffalo Springs National
Reserves. Since not all dietary components couldniadyzed in this study, neutral detergent
fibore (NDF) was analyzed in samples collected &t lieight of debarking behavior as a
measure of total indigestible content of bark. Mautletergent fibre comprises of both

hemicelluloses and the fibre fraction, the portiath low digestibility in non-ruminants.



1.4 Hypothesis
The hypothesis of this study was that African edagk in Samburu and Buffalo Springs

National Reserves have a preference of bark of smeme/species due to the species

differences in nutritional content, and that thi#é dioectly influences the forage quality.

1.5 Objectives
The Main objective was to determine whether elephalebarking behavior on the different

woody species is preferential in relation to nutrieontent.
The specific objectives of this study were:
1. To determine whether elephants have a preferenbarkffrom the different woody
species in Samburu and Buffalo Springs NationabRes.
2. To determine nutrient element concentrations ihasail bark tissues.
3. To determine whether debarking of trees by eleghiamparticularly driven by quest

for particular nutritional elements.



CHAPTER TWO
2.0 STUDY AREA, MATERIALS AND METHODS
2.1 Study area

Samburu and Buffalo Springs National Reserves wstablished in 1948 initially as
the Samburu-Isiolo Game Reserve and formally ségédras Samburu National Reserve
(SNR) and Buffalo Springs National Reserve (BSNRR1963 (Wilson, 1989). The reserves
lie opposite each other at 0°30" N, 37°30" E, 862bove sea level and are separated by
Ewaso Nyiro River (Figure 1). Both reserves hawembined area of 336 Km

2.1.1 Climate
The reserves lie in an area that is typically diyasina, hot and dry for most of the

year with highly variable bimodal rainfall (Figu® (Jaetzold, 1983). The rainfall is highly
variable and is usually less than 400mm per anrkigufe 3). Jaetzold (1983) classified the
area under the Lower Midland Agro-Ecological ZoAbout 90% of the mean annual rainfall
occurs in the peak months of April-May and Novembecember (Barkham and Rainy,
1976). The average rainfall during the peak morghsrmally exceeded at least in 6 out of
10 years (Jaetzold, 1983). During the long dry seassually lasting from late May till early

October, large migrant animals congregate in tisers@s due to permanent availability of

green riverine vegetation along Ewaso Nyiro Rigarkham and Rainy, 1976).

2.1.2 Geology and soils
To the north of the river, (SNR), surface geologydominated by ancient basement

complex rocks which consist of horn-blend gneiss®s schists, and banded biotite gneisses
(Jennings, 1966 cited in Barkham and Rainy, 1978s0, 1989). Between these are the
more or less gently sloping pediments covered veitent deposits of red sand (Barkham and
Rainy, 1976). South of the river, (BSNR), the lacai®e and geology are different, with the
area dominated by tertiary and more recent flowsliefne basalt giving rise to a plateau of
poorly structured and excessively drained volcauds. On the eastern side, addition of
calcium carbonate to the sediments by the evaporati percolating ground water and re-
crystallization of limestone in the sediments offerms a thick superficial calcite deposit

which masks the underlying rocks (Jennings, 19&&ldn Barkham and Rainy, 1976).
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Figure 2. Mean monthly rainfall (tSEM) recorded at ArchePest weather station for eight years showing the
bimodal pattern (1994 to 2002).

The soils are markedly influenced by the geomompipplof the area (Barkham and
Rainy, 1976). The riverine belt soil is eutriticgtesol with rock out crops and calcic
cambisols that are excessively drained, shalloddist brown, friable, rocky or stony sandy-
clay-loam (Jaetzold, 1983). The isolated steepesidasement complex hills have been
weathered and the regolith moved down slope lealetgnd skeletal gravely soils on these
hills. Considerable depths of gravel, sand andaittumulate as terraces associated with
seasonal drainages, which flow mainly southward€waso Nyiro. These provide soils
which may exceed six meters in depth and which reayain permanently below the top soll
layer (Barkham and Rainy, 1976). In the Ewaso Nffreer Valley, the water table is within
the capillary range of the profile and in this pafrthe reserves, soluble salts accumulate in
the profile to produce halomorphic solonetz sofleyng, 1976).

Calcareous and calcrete soils with high calciunbe@aate contents are characteristic
of BSNR. Soils of the lava are young and genestiigilow with low water holding capacity
though other superficial materials may overlie aligine basalt to give deep almost structure
less soils of a brown calcimorphic type (Young, @97

2.1.3 Landscape and hydrology
Buffalo Springs National Reserve (BSNR) is a gentljing lowland plain, the main

topographical feature being the ancient lava-ternabich forms Champagne Ridge in the
south-east (Barkham and Rainy, 1976; Wilson 198@mnburu National Reserve (SNR) is

marked by Koitogor hill that prominently rises abothe general terrain. The Ewaso Nyiro
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River drains into the Lorien Swamp, formerly a dgason refuge for elephants before the
intensive elephant poaching in the 1970’s and 8@sstle onset of periodic droughts (Wilson
1989). The river basin comprises of tributariesnfréit. Kenya and Aberdare Ranges
(Barkham and Rainy, 1976). On the Eastern sideSNIB are perennial streams that include
Isiolo and Ngare Mara flowing from Mt. Kenya acrdbke ancient alkaline lakebed before
draining into Ewaso Nyiro River. In the past, laffaws from Mt. Kenya blocked the
eastward progression of Ewaso Nyiro River derivinQuaternary lake whose sedimentary
deposits are evident as white calcrete soils weBISINR (Wilson, 1989). Sudden torrential
rainstorms that are a common occurrence make tee arcountry of sandy perennial river
beds known akiggas(Wilson, 1989). Buffalo Springs National Reseive&haracterized by

springs and swamps that provide a permanent waitece for wildlife.

2.1.4 Vegetation
According to classification by Pragt al. (1966), most of the vegetation communities

fall under the ‘ecological zone V’ consisting lasgef wooded grassland and bush grassland.
Barkham and Rainy (1976) identified 17 communitigsese communities are made complex
by the intervening mixture of riverine strip comnities. The 17 communities comprise of
the following dominant specie€ommiphoraspp. -A. tortilis, A. SenegalMixed A. tortilis -

A. Senegal-Commiphogpp. -Ipomea cicatricosgA. tortilis — Pupalia lappacea - Barleria
acanthoides A. tortilis open-grasslandA. tortilis — Lippia somalensis- Sericocomopsis
hildebrandtii a disturbed community comprising the latter thi@mmunities; Acacia
reficiens Acacia horrida — A. paolli — A. reficien®\. reficiens — A. tortilis — Salvadora
persica — Salsola dendroidestermediate communityS. dendroidesSalvadora persica
Hyphaene coriacedA. elatior, A. elatior—S. persica- A. Senegal — A. tortilismtermediate
community; Cynodon dactylomgrassland; an&porobolus spicatugrassland. Most of these
plant species are ephemeral or shed their leavasggdihe dry season.

The Ewaso River and its tributaries support a baErdzerine vegetation which serves
as a lifeline for wildlife by providing dry seasdood resources long after plants elsewhere
have dried (Wilson, 1989). The salt-toler&tpersicabushes dominate the eastern end of the
reserves that is devoid of trees (Barkham and R4i®y6).A. elatiorandHyphaene coriacea
dominate the riverine woodland, the latter beingfio@d to the eastern side. Much of the
woody vegetation grows on the inner bends of nmeanders (Barkham and Rainy (197%).

elatior grows mostly on the deep alluvial deposition curwethe river meanders and is often
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absent from the eroding outer bank of the rivernetpossible bank collapse may occur. Low
lying pans adjacent to the river become seasonater logged and minerals dissolved in the
shallow water table percolate yielding saline sdiiat support the halophytic salt bush
(Sansola dendroid¢sand the grasSporobolus spicatugrass (Barkham and Rainy, 1976;
Wilson, 1989).

The most extensive vegetation community is the riyroAcacia-Commiphora
scrubland dominated by short thorny bushes no riwe a meter high or small trees and
ephemeral grasses (Barkham and Rainy, 1976). Thoaghe area, desert roséglenium
obesum Helicotropiumspp. and morning glorypomeaspp. are common. Large areas of
Acacia tortiliswooded grasslands with a ground cover of pereramdl annual grasses are
found in BSNR.

2.1.5 Fauna
The reserves’ diverse vegetation communities antémavailability attracts many

wildlife species. When rain falls, many herbivodisperse into the surrounding countryside
and this happens several times a year due to tfrerhinfall variability. Over 900 elephants
use the two reserves (Wittemyatral., 2005). Reticulated giraff€irrafa camelopardalisis
found in the reserves and throughout northern Kemlains zebraEquus burchelli are
restricted to the south of the river in BSNR. Thew zebraEquus grevyiare however less
restricted and are present even in SNR owing to thetter adaptation to arid conditions
(Wilson, 1989). Cape buffaloeSyncerus caff¢y impalas Aepycerios melamplsdefassa
waterbuck Kobus defasga and common waterbucki¢bus ellipsiprymnysfavor heavily
bushed areas. Both Kirk's dikdikM@dokua kirki) and Gunther’'s dikdik, M. guanther)
occur in the reserves especially in Bedvadoraspp. thickets. The greater kudirggelaphus
strepsiceroy and lesser kuduT( imberbis)are found in low numbers. Other large ungulate
species found in the reserves are the beisa orgx(Beisg, the eland Taurotragus oryx
and the gerenukL{tocranius waller). Small ungulates include Klipspringe®reotragus
oreotragu3, grey duiker $ylvicapra grimmi African hare epus capensjsand warthog
(Phacochoerus aethiopicus

The predators present in the reserves include(Ranthera led, leopard P. pardus$,
cheetah Acynonyx jubatys caracal (@racal caraca), serval Felis serva), civet Civettictis
civettgd, genet cat Geneta genejawild cat (elis silvestri, wild dog (Lycaon pictuy

spotted hyenaGrocuta crocutq and stripped hyenadyaena hyena The smaller predators
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include the bat eared foXOfocyon megalot)s golden-backed jackaC@nis aureul black-
backed jackal@. mesomelgsserval cat Felis serva), caracal F. caraca), common genet
(Genetta genet)a aardvark Qrycteropus afey dwarf mongooseHelogale parvula)and
banded mongoos&lungos mungp

Primates found in the reserve are the vervet morieycopithecus aethiopsand
olive baboon Papio anubi}. The Nile crocodile Crocodilus niloticus,is found in Ewaso
Nyiro River and up the main tributaries in BSNRmAlIst 400 species of birds have been
recorded in the area (Wilson, 1989). Birds of paegund in the reserves notably the martial
eagle Polemaetus bellicosus)bataluer Terathopius ecaudatus)eastern pale chanting

goshawk Kelierax poliopteruspnd augur buzzard(gteo augur)
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2.2 Materials and Methods

The study was conducted from October 2006 to M&@b7. This coincided with
both wet and dry periods. The riparian zone wassehodfor detailed study because co-
occurrence of different woody species necessitstigdies on preferential foraging. The study
sites were visited fortnightly except during thensain November and December 2007 that
rendered much of the riparian zone inaccessibletdud®oding and subsequently the sites

were visited once a month.

2.2.1 Marking field study plots
Fifteen 100 x 100 meters plots were randomly eistiadtl and permanently marked on

both reserves (Figure 1). Ten of these were rieepiots and labeled A to K. Caution was
taken to exclude areas exclusively under doum gélyphaene compresgarhe other five
plots labeled L to P were situated at least 900rayafnom the river. A GPS (model Garmin
3.2) was used to map the plots with the cornerseferenced as waypoints. These waypoints
were downloaded in ArcGIS 9.0 and stored as a sfilgpeThe waypoints aided in locating
the plots during subsequent field visits by navigato each. Plot dimensions were measured
and demarcated by walking a 100m path guided b?& énabled HP PDA (Personal Digital
Assistant) (h2200 series) and navigating to itsseontive corners. The GPS enabled PDA
offered higher accuracy needed to guide a strgighit often under vegetation. The plots
away from the river were sampled to compare thedya@getation community structure and

elephant debarking intensities with plots alongrtter.

2.2.2 Assessment of woody plant community structurand debarking intensities
The initial survey involved mapping out of indivauwoody plants within the

randomly selected plots using a Garmin 3.2 Glolsitidning System (GPS) unit for which
Horizontal Position Error (accuracy) ranged frorbrg.to 7.5m. A GPS enabled HP PDA
(h2200 series) with a BC-337 receiver and extedwdi65 GPS antenna was used for
increased accuracy approximately two meters whiees twere very close to each other.

Each tree was assessed for fresh and old elepkaaridwhich was recorded on a
scale of 0 to 5 corresponding to various proposgiofnthe debarked part of stem (Table 1)
(Walker, 1976; Smallie and O'Connor, 2000). Olgpkbnt debarking marks were defined as
those whose sap and loosened fibers had dried wimddthe initial bark damage assessment
and sampling conducted in October, existing fregh@d debarking marks were recorded as

individual trees were georeferenced. The circunmiegzeof each tree at breast height was
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measured with a tape measure. Bark damage by elephas assessed as elephant tusk
marks and associated injuries on the stems and rhenches. Subsequent regular
assessments of debarking involved recording additibesh elephant debarking which gave
cumulative data on woody plants debarking at thieadrthe study period. In the case of bark
utilization from main branches, estimates of theegetages of damage on each the branches’
circumference were averaged to yield a value tasea representative of how much damage
it would be were it on the main stem. The resulérngrage was thus allocated to a utilization
class as if it was on the main stem. A fully ugliztree, with a score of 5 was a tree with
complete ring debarking.

To avoid bias in calculation of species preferened®re trees were utilized to
different degrees, the number of trees of a spewiitsin each utilization score was
multiplied by a weighting factor ranging from O focorresponding to damage levels of
between 0 and 5, (Table 1), to yield a debarkimgxn Each weighting factor was taken as
the midpoint of the utilization class. The numbgfubly utilized trees was later calculated as
the weighting factor multiplied by the frequency inflividuals within the utilization class
(Barnes, 1976, Walker 1976). Multiplication wighweighting factor to get fully utilized
trees was also necessary because different clasgesed a different range of values. Mean
debarking indices of trees in the same plot as waslltrees sampled in a month were

calculated by averaging the indices of the indiglduee damage scored as above.

Category Class (Proportion of Weighting factor
debarked stem)
0 0% 0.00
1 1-25% 0.13
2 26- 74% 0.50
3 75% 0.75
4 76 -99% 0.88
5 100% 1.00

Table 1. Utilization classes of trees as a percentage ofaggd portion of tree circumference at the heidht o
worst damage, and the corresponding weighting fadtw each utilization class.
Preference ratio (PR) of each woody species was ¢hkulated for each species as
described by Viljoen (1989);
PR =PA/PU,
Where PU = percent utilization, PA = Percent a\mlilsy.
PA =100 x (g Np),
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PU =100 x p/ Ny

Where, g, = number of trees of a species in a plot,

Nsp = total number of all species in the plot

ny = number of fully utilized trees of a species, and

Ny = number of fully utilized trees of all specieslie plot
A preferred species was defined as one that whzgeadtiproportionately more frequently by
elephants than its proportion of available tre€s>PL. A preference ratio (PR) of less than 1

showed avoided species of less preferred species.

2.2.3 Bark sampling
For the purpose of bark sampling, three levels effagking were distinguished as

follows based on the definitions in Table 1.
1. the less debarked or avoided corresponding toategories 0 and 1;
2. moderately debarked corresponding to the categdrasl 3; and
3. heavily debarked corresponding to the categoriass.

A bark sample of approximately 15 grams was catiédtom each identified tree on
the main stem and when the sample tree was dehattkedsample was taken from the
remains of the elephant stripping with a knife.cbdlect a sample from a non debarked tree,
a sharpened 2.5 cm square metal tube was hammetedhe stem and two or three pieces
removed vertically next to each other. Vertical eatation was chosen to minimise
interference with tree sap flow which would havaddo much water loss by plant. Samples
from each tree were air dried in the field insidevin ‘sugar papers’ and latter transported to
the laboratory for analysis of nutritional contefihe sampling regime targeted to collect six
samples from each of the three debarking leveimne@fabove every month. The target of six
samples was not attained in all months as the nurobelebarking incidences and their
intensities varied in time, with no incidences ebdrking observed in some months. A total
of 67 bark samples were collected. These compia$e’#t samples from less debarked, 16

from moderately debarked and 17 from heavily debdtkees.

2.2.4 Analysis of bark samples dietary content
Laboratory analysis was done at Kenya AgricultuRaEsearch Institute (KARI)

laboratory. Each of the 67 bark samples was andljaetotal calcium (Ca), sodium (Na),
Phosphorus (P), Magnesium (Mg), Potassium (K),agi#n (N), Iron (Fe), Copper (Cu),

Manganese (Mn), and Zinc (Zn). In addition to thes®lyses, eighteen bark samples
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collected in March were analysed for Nutrient Dgéert Fibre (NDF) as an indication of the
overall indigestible proportion content of the s#&spBark samples were first digested with
a mixture of hydrogen peroxide, sulphuric acideselm and salicylic acid. The content of
each of the elements N, P, K, Ca, Mg, Mn, Cu, Za,was determined in the acid digest
using standard methods described by Anderson agrdrin(1989). A bark portion weighing

0.3grams from each sample was put in a dry digedtibe and labeled. Then 2.5 ml of
freshly prepared digestion mixture (3.2 grams ghdi@cid in 100ml sulphuric acid-selenium

mixture) was added into each tube and the readgank®for each batch of samples. Samples

were digested at 1%a for one hour. They were then removed, cooledthrek successive 1

ml portions of hydrogen peroxide added to each.tlileenperature was then raised to B0

and heating continued till the color cleared, @@ dontents were then allowed to cool. Then
25 ml of distilled water was added and mixed uibhtitas saturated with hydrogen peroxide.
The contents were cooled, topped up to 50ml wittewand allowed to settle before taking
clear solutions from the tube for analysis.

Total N was determined calorimetrically. The acigedt was diluted to a ratio of 1:9
(v/v) with distilled water to match the standardusion. Using a micropipette, 0.2ml of each
of the sample’s digest was drawn into labeled telses. Some 0.5 ml of reagent MAs
added and vortexed. Reagent N1 was prepared as/$olB4g sodium salicylate, 25g sodium
citrate and 259 sodium tartrate dissolved in 750mater; to the solution was added 0.12 g
sodium nitroprusside. To these, 0.5 ml. of readéhtvas added. Reagent N2 was prepared
as follows: 30g of sodium hydroxide dissolved Q78I water; cooled, 10 ml of sodium
hypochlorite added. The contents were topped umtoliter with water and vortexed. The
mixture was allowed to stand for 2 hours and itsoalbency measured at 650 nm, for total
nitrogen.

Total P was determined by pH adjustment using Ascacid method. Some 5 ml of
each of the clear digested samples’ solution wawdsing a pipette in to 50ml volumetric
flasks. About 20ml of distilled water was addeceh flask. Ten milliliters of ascorbic acid
reducing agent was added accordingly. The cositerte made to 50ml by adding water,
closed using a stopper and shaken thoroughly. Tiese stood for one hour for full color
development and concentration of phosphorus in Eamead from absorbance measured at

880 nm wavelength in a calorimeter.
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For the determination of K, some 2 ml of the digdstample’s solution was put in a
50 ml volumetric flask and distilled water addedstoml. Starting with the standards, each of
the solutions was sprayed into atomic absorptioectspphotometer flame at wavelength
766.5 nm and the amount of K was recorded fromat®orbance noted. To determine Ca
content in the sample digests, 10 ml from eachefdigested sample’s solution was put in
50ml volumetric flasks. Then 10 ml of 0.15% lanthanchloride were added to each flask
and topped the 50ml mark with distilled water. Tesk was shaken thoroughly and the
solution sprayed onto the atomic absorption spphtotometer flame at wavelength 422.7
nm. The concentration of calcium was recorded @ gpectrophotometer as indicated by
absorbance.

Five milliliters of each of the digested sampleusioins was put in 50ml volumetric
flasks for determination of Mg and made to the 5@makk with distilled water. Magnesium
standard series, the blank and sample solutiong wprayed on to the flame of atomic
absorption spectrophotometer and Magnesium corat@nirread. For the determination of
Mn, Fe, Cu and Zn, the sample digests were asgiratéo the atomic absorption
spectrophotometer calibrated for 279.5nm 248.3n7AB#n and 213.9nm respectively. Their
absorbencies were measured for inference of timeegies concentration in the acid digest.

The proportion of Neutral detergent Fiber (NDFpark was analyzed in 18 samples
all taken in March when debarking was most intedonsgetermine the indigestible proportion
of bark. These comprised of six samples from edcthe three debarking categories. The
reagents used were; Neutral Detergent Solution (Nw&pared by adding 30.0 g sodium
lauryl sulfate, 18.61 g of ethylenediaminetetraiacBisodium Salt (EDTA, Dihydrate), 6.81
g sodium tetraborate decahydrate; 4.56 g sodiunsgitade dibasic, anhydrous and 10.0 ml
triethylene glycol in 1000 ml distilled water. Tleesvere agitated and heated to facilitate
solubility. The resultant pH values ranged from®.9.1 as preferred. Some 0.5 g (= 0.05 g)
of air-dried sample was weighed, (W2), into a beak80 ml of NDS, 0.5 g of sodium sulfite
and 2 ml of Decahydronaphthalene were added andathients refluxed for 60 minute after
boiling. The sample was filtered and put in ayweeghed crucible, (W1), and rinsed with hot
water. The liquid was filtered and repeatedly washdimes. The sample was washed twice
with acetone and sucked dry. The acetone was alldwevaporate and after drying, it was
dried completely in oven at 105° C for 8 hours avelghed (W3). The entire sample was
ashed for 2 hours at 550°C, cooled in a desic@atdrweighed (W4). NDF was calculated as

follows:
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NDF (%) = (W3-W2)/2 x 100

NDF onm (DM basis) % = (W4 - W1)/W2 x 100

Where

W1 = Empty crucible weight.

W2 = Sample weight.

W3 = Weight after extraction process.

W4 = Weight of Organic Matter (OM) - loss of weigi ignition.

2.2.5 Soil sampling
Soil samples were collected during the dry montketfruary 2007 from nine riverine

plots using a soil augur. Each plot was subdiviaéo ten squares that constituted sampling
locations. The coordinates of the center of eaclaisgwas fed into a Geographical Position
System (GPS). The locations of these points werdereth into a GPS as

WGS 84 UTM_Zone37N waypoints and navigated to enfibld, but the accuracy varied by

4 to 5 meters due to GPS’ Horizontal Position Erist all stored points were accessible for
sampling due to dense vegetation or extremely ddepeposits or rock outcrop in some

plots. Eight to ten points were sampled in each @ depth of 30 centimeters. Attempts
were made to dig through the fresh silt depositithe underlying soil using a shovel and a
hoe. The core of soil in augur was removed fromhesampling point and all sub samples
from each plot were put in the same plastic buckéese were then mixed by hand and
approximately 1 kilogram composite sample takenaasepresentative of the plot. The
samples were air dried in the field and storedaipeled ‘sugar papers’ awaiting chemical

analysis at Kenya Agricultural Research Institit@RI) laboratory in Muguga.

2.2.6 Analyses of soil nutrients content
Each of the soil samples was analysed for totatiwal (Ca), sodium (Na),

Phosphorus (P), Magnesium (Mg), Potassium (K),dg#n (N), Iron (Fe), Copper (Cu),
Manganese (Mn), and Zinc (Zn). The pH of each sam@s measured too. Total nitrogen
and phosphorus in the samples were determined tlsingame methods described above in
section 2.2.4 for bark samples. For the exchangeedtions, Nj K*, C&£* and Md", these
were first extracted from soil with an excess ohamnium acetate. Five grams of each of the
air dried soil samples were weighed into plastittles. Blanks and repeat samples were
included in the batch of soil samples. Then 10®fril mole ammonium acetate solution of

pH 7 was added. The contents were shaken for 30tesmand filtered through number 42
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Whatman paper. The filtrate of the soil extract waed in determination of the content of
Na, K, Ca and Mg. For determination of sodium, psiam and calcium, each of the extracts
was diluted ten times (solutio\®). Five milliliters from each of the diluted soikteact
solution was drawn using a pipette into 50ml voltnueflasks. To it was added 1ml of
26.8% lanthanum chloride solution. The contentsevgBluted to the 50ml mark with 1 mole
ammonium acetate extraction solution. The solutias sprayed into the atomic absorption
spectrophotometer flame for determination of Na &ndAbsorbencies were measured as
described in section 2.2.4.1 above to determineatheunts of each element. The standard
working solutions with known quantities were measliirst to calibrate the instrument.

For determination of magnesium, the extract sofutfd above was first diluted 25-
fold. To make this dilution, 2ml of soil extractlstion ‘A’ was drawn using a pipette into a
50ml volumetric flask. Then 5ml of 5000 parts peitlion (ppm) were added and | mole
ammonium acetate used to fill the contents to 506raftk. The solution was sprayed into
atomic absorption spectrophotometer. The contekt dfa, Mg and Ca in soil was expressed
in ppm.

Chelating agent ethylenediaminetetraacetic acidl@&Dvas used in determination of
soluble Cu, Zn, Fe and Mn. Air dried soil samplesravfirst extracted in 1% EDTA. To
achieve this, 5 grams of each air dried soil samplas placed in 50ml EDTA, shaken for
one hour and then filtered. The filtrate and staddsamples were aspired into an air-
acetylene flame of atomic absorption spectrophotem&opper, zinc, iron and manganese
concentrations were read at 324.7nm, 213.9nm 24881 479.5nm respectively.

Soil particle size was analysed by the Hydrometethdd (Bouyoucos, 1927). One
hundred grams of each of the air dried soil sampies weighted into 400ml beakers. These
were saturated with distilled water and to each added 10ml of 10% calgon solution
(sodium hexametaphosphate). The contents were edloiw stand for 10minutes. The
dispersion was transferred to a dispersing cup3®@anl of tap water added. The suspension
was then mixed for 2 minutes with a high speed tetestirrer. The suspension was
transferred to a graduated cylinder and the remgisioil rinsed into the cylinder with
distilled water. A hydrometer was inserted into slispension and water added to the 1130ml
mark, after which the hydrometer was removed. TWi@der was covered with a tight fitting
rubber bung and the suspension mixed gently byriimgethe cylinder carefully ten times. 2-
3 drops of amyl alcohol were quickly added to remake froth and hydrometer placed

gently into the column after 20 seconds. At 40 sdsp the hydrometer and temperature
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readings of the suspension were taken. After theset®dnds, the sand had settled and the
reading reflected the grams of silt and clay in otex of the suspension. The cylinder was
covered again with a tight fitting rubber bung d@hd suspension mixed gently by inverting
the cylinder carefully ten times and the cylindéowsed to stand again for two hours when
both hydrometer and temperature readings were takain. The temperature corrections
were made as described by Bouyoucos (1962). Itvtbhéhours time, the silt had settled and
the hydrometer reading reflected the clay contérihe original suspension. Assumption is
that organic matter is negligible and the proposiof sand silt and clay were calculated by
subtractions from the original sample weight.

Soil pH was measured on a 2.5:1 water to soil sugpe as described by Rhoades
(1982). Some 50ml of de-ionized water was adde2Dtp soil the mixture was stirred for 10
minutes, allowed to stand for 30 minutes and stirgain for 2 minutes. The pH of the
suspension was measured using a pH meter. Soillsamere analysed for total organic
carbon as an indicator of litter decomposition safehe Walkley and Black (WB) method
was used as described by Walkley and Black in 1@®hcentrated sulphuric acid 450y)
was added to a mixture of soil and aqueous potassichromate (KCr,O;). The heat of
dilution raised the temperature to induce a sulbisiadut not complete, oxidation by the
acidified dichromate. Residual dichromate was btathted using ferrous sulphate. The
difference in the added iron sulfate (Fep®as compared with a blank titration to determine
the amount of easy oxidizable organic carbon. Teecgntage WB carbon (WBC) was
calculated by the formula:

WBC =M x (V1-V3)/W x 0.30 x CF

where M is the molarity of the Feg®olution (from blank titration),

V1 is the volume (ml) of FeSQequired in blank titration,

V3, is the volume (ml) of FeSQequired in actual titration,

W is the weight (g) of the oven-dried soil samled

CF is the correction factor which is a compensatmrihe incomplete oxidation and

is the inverse of the recovery set by Walkley atatB (1934) to 1.32 (recovery of 76%).

2.2.7 Statistical analysis
Data was analyzed in SPSS’-SYSTAT 9.0 (SYSTAT, 19%8e laboratory analysis

data were normalized by log transformation [X' g(&+1)] before applying parametric

analysis tests because some of the values weresi@ll or even zero. All hypotheses were
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tested ata = 0.05. Homogeneity of soils sampled in differguibts with respect to
mineralogical composition was tested using a sHigttor Analysis of Variance (ANOVA)
(Zar, 1996). Pearson’s correlation was used towbsther bark nutrient content varied with
the site’s soil composition. Student$est was used to test the significance of theetation
coefficient.

ANOVA was used to test whether there were signifiadifferences in the debarking
intensities between the months and Bonferroni adfjeist used to determine the sources of
differences. Théog-likelihood ratioG-test was used to test whether different woodgisge
were utilized in proportion to their availabilitg measure of species selection. One way
ANOVA test was used to test whether there wereifsigimt differences in the level of
debarking of the woody species in different pldieke Shannon-Wiener diversity indéX,
(Shannon, 1948) was calculated and used as a reeafsapecies diversity in each riverine
plot and for all riverine plots merged.

The sampled population of trees exhibited a neghtiskewed frequency distribution
of circumferences and these measures were logdramsd as Y’ = log (Y+1) to conform to
normal distribution before regression analysis (A&96). Linear regression was used to test
the relationship between elephants’ debarking sitgand tree circumference.

The non Parametric, Mann-Whitney, test was usediet@rmine if there existed
differences between the two most abundant spe&@sia elatiorandA. tortilis with respect
to each of the four nutrient elements that hadiogmt positive correlation with debarking
intensity. The non parametric test was preferrecabse the differences between the two
samples’ sizes was over 10 % (=28.9%), and thelesmadriances were associated with the
larger sample; the latter of which would compromisbustness of-test (Ramsey, 1980).
Mann-Whitney test with tied ranks was used to fessthe null hypothesis th&#. elatior had
greater than or equal amounts of each of the fatay elements N, P, K and Zn than
tortilis. Considering that the smaller sample size excetdedty, the normal approximation
to the Mann-Whitney Test was employed in this asialyand theZ-statistic calculated (Zar,
1996). The differences between means of the cifetences of the species dominant in the
riverine and those away from the river were tesisidg student’s-test. Anova was used to
test for variations in numbers of debarking incicesiwith stem circumferences.

Pearson’s correlation was used to test whethemrkiglgaintensity was correlated with
each of the mineral elements analysed in the barkpkes. Student’s-test was used in

evaluating the significance of the correlation ficefnt r ata < 0.05 (Zar, 1996). One way
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ANOVA was used to test whether the proportion of MNiD bark samples varied in the three
sets of six bark samples collected for each oftlinee debarking level categories. ANOVA

was used to test for monthly fluctuations in thateat of the various mineral elements in the
bark.
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CHAPTER THREE
3.0 RESULTS

3.1 Woody vegetation structure and composition

A total of 1,602 woody plants were recorded, assedsr elephant damage and
georeferenced (Appendix 1). Of these, 1373 indimislicomprising of fourteen species were
recorded within the ten riverine plots labeled AKt¢Figure 1). Some 229 individuals were
recorded in the plots situated away from the riveere only three species were encountered.
There was a higher density of trees along the riban away from it (Appendix 2).
Elephants’ utilization of the woody vegetation caimsed of tree felling, foraging on the
branches and twigs of the felled trees and debgrknt this study focused on debarking
alone. The number of plants of each species redardeach debarking class in the fifteen
plots is tabulated in appendix 2. It was not pdssib measure circumferences of some 23
riverine trees due to inaccessibility rendered Higkt Salvadora persicdush around them.
The scars on the bark varied from occasional siggleges caused by the action of one or
more strokes of an elephant’s tusk to large patelese the bark had been stripped for up to
approximately 3 to 4 meters up the stem.

Acacia elatiorandA. tortilis were the most abundant trees in the riparian tatle
accounting for 85% of all woody plants recordedyfe 3). Of these two species the bark of
A. elatiorwas the most preferred with a preference ratib. ?7.
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Figure 3. The numbers of woody plants of various specigherriverine plots.
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While bothA. elatiorandA. tortilis were recorded in the riverine zone, the former
was absent in the plots situated away from the .rivethe riverine zoné). elatiorwas
apparently in higher density of 91 + 20.5 (SE) $rper hectare while that 8f tortilis was
appreciably low at a density of 22 +12.3 (SE). Cangpn was made between the population
structures ofA. tortilis trees along the river and away from the river. Whe populations
were significantly different with respect to treecamferencestf os (2), 24~ 6.42, p < 0.05).
TheA. tortilis trees in the plots located to the away from thierrhad higher frequencies for

each circumference class and remarkably more sgp(ffigure 4).
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Figure 4. Cumulative relative frequency distribution of cimaferences of\cacia tortilistrees along the river
and away from the river.
Each of the riverine plots exhibited low diversitfywoody species (0.132H’ >
0.517). Diversity indices were calculated by poglalil riverine plots except plot A that was
entirely composed dk. elatior. The overall diversity indefH’) for the riparian woody

community was 0.488.
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3.2 Elephant foraging behavior with respect to deling

The level of debarking varied significantly from t0lser 2006 to March 2007 (b5, (2)
5, 60= 4.13, p < 0.05) (Figure 5). The months of Novemdind December varied greatly from
the others, exhibiting the lowest mean debarkilices.
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Figure 5. Monthly mean debarking indices (+ SE) of treeSamburu and Buffalo Springs National reserves.
Number of samples collected and analysed everym@)tin parenthesis.

The plots situated away from the river were exctude analysis of selective
debarking behavior because of the notably few ggepresent in them. These would have
biased the tests by having offered the elephatits br no choice. All the 1373 riverine
woody plants were considered available for utilaatby elephants through debarking of
which an equivalent of 431 were fully utilized. Imdiual species were not utilized in
proportion to their availability, indicating selent between species £629.5, df, 13; p <
0.05). Elephant preference of various species ddriem O to 3.19 (Table 2). There were
significant differences in debarking indices of gl in the different plots (fs1)1s, 160=
16.124, p < 0.05). Trees in the plots away fromriber were least debarked (Figure 6).

A. elatior had approximately 42% of trees with more thanehgearters of their
circumference debarked (Figure 7a). Figure 7b shibnsheoretical equivalent of the fully
utilized portion ofA. elatior trees using the weighting factor as a measureebfdking

intensity.
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Number

Expected

Observed Preference ratio (PR)

Species of trees proportion of proportion of

(n) utilized trees (Pi) utilized trees
Acacia elatior 941 68.44 86.65 1.27
Acacia raffesian 4 0.29 0.46 1.60
Acacia senegal 2 0.15 0.46 3.19
Acacia tortilis 226 16.44 10.15 0.62
Cadaba farinossa 2 0.15 0.00 0.00
Combretum aculeatum 84 6.25 0.00 0.00
Cordia sinensis 31 2.25 0.64 0.28
Gardenia volkensii 6 0.44 0.00 0.00
Kigelia africana 7 0.51 0.35 0.69
Lawsonia inamis 23 1.67 0.00 0.00
Lepisanthes senegalensis 8 0.58 0.70 1.20
Maerua crassifolia 21 1.53 0.20 0.13
Maerua oblongifolia 5 0.36 0.00 0.00
Prosopsis chillensis 13 0.95 0.38 0.40

Table 2 Preferential utilization of the different woodyexies expected and observed proportion of trees

utilized (n =1373) and preference ratios.
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Figure 6. The mean debarking indices (+ SE) of woody plamtéverine plots (A to K) and those away from

the river (L to P).
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Figure 7a Elephant stem debarking éwacia elatiorin the riverine plots, the most abundant treéhen t

riparian zone of Samburu and Buffalo Springs NatldReserves.
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Figure 7b. The equivalent number of ring barked (fully ugi#) and non utilized. elatiortrees calculated
using a weighting factor ofc01t showing the general impact of elephants orsfieeies.

Few individuals of riverinéA. tortilis trees, approximately 25%, were recorded with
over three quarters debarking. Only FRaotortilis trees away from the river suffered over
three quarters damage to stem circumferences @iga). Figure 8b shows the theoretical
equivalent of the fully utilized portion @&. tortilis as calculated using the weighting factor.
Fully utilized portion refers to the general impatilephants debarking behavior on trees in

the particular plots.
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Figure 8a.Elephant stem debarking éwacia tortilistrees along the riverine plots, A to K, and awayf the

river in Samburu National Reseplets L to P.
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Figure 8b. The equivalent number of ring barked (fully u#d) and non utilizedcacia tortilistrees calculated
using a weighting factor of 0 to 1 showing the gahenpact of elephants on the species.

Linear regression was used to determine the infleeof stem circumference on
debarking behavior. There was significant but wdakendence of the number of debarking
incidences on stem circumference for all 1579 treésall woody species whose
circumferences were measuretr0.073, s @ 1, 1578 137.5, p < 0.05). Further regression
done on trees of the two most abundant and prdfellgrdebarked specied,. elatiorandA.
tortilis showed significant dependence of debarking beharacircumference ir: 0.2, bbs
@) 1, 1166= 237.9, p < 0.05). The trees sampled from eackispavere then grouped into

circumference classes of 40cm per class and ANOWA ®onferroni post hoc tests was
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carried out to determine which size class was nsostght by elephants. There were
significant differences in the debarking of diffetecircumference classes @&. elatior
(Fo.os)1,0 = 24.33, p < 0.05)Trees in the circumference class of 121-160 cmewer
significantly more debarked than trees in othecwinferences. There were significant
differences in the debarking of different circunefiece classes oA. tortilis (Fo.os1)1,16=
21.02, p < 0.05). Trees in the circumference clafs81-120cm were significantly more
debarked than trees in other circumferences. FigBacand 9b show the levels of debarking

of A. elatiorandA. tortilis trees in different circumference classes.
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Figure 9a.Elephants’ utilization pattern for different sizefsA. elatiortrees (n = 955) (bars) and the sum of

injured trees per circumference size class (line).
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Figure 9b. Elephants’ utilization of different sizes Af tortilis trees (n = 429) (bars) and the sum of injured

trees per circumference size class (line).
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3.3 Bark dietary content

There were significant monthly variations in midesements content of bark
samples (kos ()5, 61= 2.94, p = 0.02) (Figure 10). The samples haatikaly high quantities
of N (Crude Protein) and Ca. Correlation coeffiteehetween debarking index and each of
the mineral element content of bark ranged from®%:30o 0.575 (Table 3). A significant
positive correlation was found between debarkirigrisity and N (crude protein), P, K and
Zn as tabulated in Table A. elatior,apparently the most preferred of the thicaciaspp.,
had significantly higher quantities of each of floerr elements N, P, K, and Zn tha#n
tortilis (0.81223< Zg o5 (1> 0.83139, < 0.05).
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Figure 10. Mean monthly content of various dietary componggtsSE) of bark samples (the number of
samplesn, for each month in parenthesis).
There was no significant difference in Neutral Dgéat Fibre (NDF) content in the
18 bark samples collected for the three utilizatategories (fos (1), 2, 15= 0.841. p= 0.451).
The proportion of NDF in the samples varied from080 to 80.14% with a mean of 67.42
+1.57 (SE)% (Figure 11). The level of crude prot@i) was calculated from total nitrogen
by multiplying by 6.25. The mean CP content in saenples was 5.7+ 0.33 (SE) %. Monthly
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variations in CP for the 67 samples collected weesignificant (Fo.os (1) 5, 61= 1.763, p =
0.134).

Correlation coefficient (r)  “r Hypothesis test result (t-test< 0.05)
N 0.575 0.331 Significant positive correlation
Na 0.067 0.004 No significant correlation
P 0.31 0.096 Significant positive correlation
0.336 0.113 Significant positive correlation
Mg -0.143 0.020 No significant correlation
Ca -0.071 0.005 No significant correlation
Fe -0.391 0.153 Significant negative correlation
Zn 0.445 0.198 Significant positive correlation
Mn -0.06 0.004 No significant correlation

Table 3 Coefficients of correlation between debarkingigity and the content of various mineral elemants

bark samples
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Figure 11.The percent content of NDF (+ SE) fibre and hethiteses (n=18) for three categories of debarking
in March 2007.

33



3.4 Soil structural composition and nutrient contem

The soils in the sampled area were slightly allelinth pH ranging between 7.63 and
8.40 (Table 4). Sand was a major component acaayiftr 47.5 (6.4 SEM)% of most soil
samples taken resulting in mainly coarse textufesoits sampled (Figure 12). Silt and clay
accounted for 27.7 (4.9 SEM)% and 24.2 (+2 SEM§&pectively, n = 9. The quantities of
the individual mineral elements varied significgritetween the riverine plots dbs (1), s, o6=
2.43, p < 0.05). The soils from the different pletsre assigned textural classes based on
particle size distribution using the textural tigée (Table 4). Total organic carbon ranged
from 0.75% to 2.01%. The mean value was 1.26 +%.{SE).

The total N content of the nine soil samples rangetiveen 0.01% and 0.14%
averaging 0.07 £ 0.02 % (SE). Soil phosphorus rdrigen 174 ppm to 437 ppm in the plots,
a mean of 301 = 28.24 (SE) ppm (n=9). Total amowftslements in soil samples varied
with changes in soil texture with more clayey sbidsing the highest elemental content than
sandy soils (Figure 13a and 13b). Plots A, D antad high electrical conductivity (EC)
values, which tallies with their associated highoants of Na, Ca, Mg and K (Figure 14).
The total organic carbon varied between 0.68 %2a01%.

There was significant positive correlation betweéctrical conductivity and the sum
of the bases Ca, Mg, Na and K d (2, s= 1.63). Soils in areas of relatively high flooding
frequencies, i.e. at junctions of water courses aext to permanent springs had high EC
values, which is owed to accumulation of saltsraéeaporation. Overall, the plots varied
significantly with respect to each element analy§88< t .05 (26> 10.66, p =0.05). There
was a negative correlation between diversity of wWweody speciesH’, and the electrical
conductivity of the nine plots, r = -0.429. Whilket plots differed in soil mineralogical
composition, there was significant positive cottiela between the bark nutrient content and

soil content of each of the nutrient elements ertme plots (6.03 to g5 (2)8> 13.34).
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EC

Plot % OC %N ppmP  ppmK ppmCa ppmMg PpmNa Pem ppmCu ppmZn ppm Mn  Structural class pH

A 0.75 0.01 227.36 695.03 452484 1051.13 65150 9.1®1 15.22 32.85 1307.89 Loam 7.93.00
B 0.75 0.01 359.33 643.94 2384.81 731.43 1021.207.081 7.21 29.64 702.43 Sandy clay loam  8.4000
C 1.68 0.09 436.73 516.21 3219.94 783.11 384.84 .0276 6.41 60.08 841.35 Sandy clay loam  7.6820
D 0.93 0.13 253.90 567.30 5098.99 1110.47 1712.1@3.786 11.22 28.84 1216.16 Loam 7.88.00
F 0.93 0.04 174.28 516.21 3011.16 677.82 448.48 .9528 8.81 32.04 883.29 Sandy loam 8.1d.20
G 1.23 0.06 242.84 771.67 3376.53 771.63 639.39 .3254 9.61 39.25 964.54 Sandy clay loam  7.9820
H 1.23 0.05 357.85 1512.51 5359.97 1550.78 1499.9%3.30 5.61 24.83 490.13 Clay loam 8.06.00
| 2.01 0.14 371.86 1384.78 5203.38 1187.05 1021.B8B0.12  16.82 57.68 1714.15 Clay loam 7.96.40
K 1.83 0.13 284.87 1052.68 5673.15 1175.56 893.936.4% 17.62 42.46 1412.73  Clay loam 7.96.30

Table 4. The content of various mineral elements, textaoahposition, pH, electrical conductivity for eadhttoe nine riverine soil samples.
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Figure 12. Soil textural composition: percent sand, silt afay in the nine composite riverine samples.
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CHAPTER FOUR
4.0 DISCUSSIONS, CONCLUSIONS AND RECOMENDATIONS

The salient findings of this study are that barleroistry influences debarking
behavior of elephants in Samburu and Buffalo SgriNgtional Reserves. Soil mineralogical
composition exerts an indirect effect on debarkuedpavior through its influence in plant
mineral content. Elephants have a preference foresspecies over others with respect to
debarking behavior. The soils in the reserves lmu@mal amounts of nutrient elements
compared to the general ranges of nutrient in &nthe crust documented in literature and the
availability of some of these elements to the gan&y be hampered by high soil pH.

Species selection in elephants’ foraging behavas lireen observed elsewhere in the
past by Smallie and O’Connor (2000), and Holdo @0The selected species are not always
used in a similar manner (Van Wyk and Fairall, )9&Jephants in SNR and BSNR have the
highest preference fdkcacia elatiorwith respect to debarkindcaciaspp. topped in the list
of preferred species in the Sahelo-Soudanian regiddongo (Pamo and Tchamba, 2001).
This study allows comparison of two acacia speecied reveals that such differences in
species preference with respect to debarking dst @xien in closely related plants of the
same genus. In the Seronera woodlands; bark damagereported to be highest on the
Acacia spp. component of the tree population (Ruess aalleHl 1990). Debarking of
potentially utilizable species depends on the eadewhich bark can be separated from the
stem (Douglas-Hamilton, 1972; O’Conratral. 2007).

Trees with circumferences 80-160cm were attackest tmp elephants via debarking.
Smaller trees would possibly have been sub-optforadn elephant to spend time on as they
contribute smaller quantities of forage intake arnel not firm enough to pierce with the tusks
as elephants often do to initiate debarking. Langes may have been avoided primarily due
to their tough collenchymatous tissue renderingntiard to pierce through and strip. It was
observed that whenever an elephant managed to garigand strip bark from older and
bigger trees, it would skillfully peel the innerrtex leaving a heap of dry collenchyma tissue
at the base of the tree. The medium trees mayhalge provided a more optimal source of
forage, possibly even more nutritious diet as theg at the stage are actively growing and

thus have more sap flowing in them. A study focgsin dietary differences between trees of
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different circumferences and age is worth condactimquantify the dietary differences that
may possibly influence elephants foraging behavior.

Large generalist herbivores face a limit on how mumaterial they can digest
(Westoby, 1974). If their diet selection is largelyven by the necessity to meet a nutritional
need, their response to availability of particdlawds should not be continuous but take the
form of a cutoff at very low availability. This irfips that as a food becomes rarer in a plant
community, grazing pressure on it will increaseleaist until the cutoff is reached. This is
typically what elephants did in the reserves dutimg study period. The debarking pressure
increased o®\. elatioruntil other forage items were available in the sedison and elephants
decreased debarking intensity. Foraging opporesifor elephants are compromised at a
critical time of the year, which should force thémrely on dry land browse earlier in the
season and for a greater duration (O’Coretoal., 2007). A possible factor contributing to
dispersal of elephants away from the riparian zafter rains is availability of alternative
sources of water as temporally pools as well ad.fodthe most important spatial refuge from
elephant is distance from water as elephants dvimka near daily basis which restricts
foraging to within about 15 km from water (Conyk®aR004 cited in O’Connoret. al.
2007).

A notable aspect of the woody species compositiaine plots was the absencefof
elatior in plots away from the riverine zone, and the sgedomination of the riverine zone.
However,A. tortilis occurred along the Ewaso River and away frorA.ittortilis trees’ age
structure as inferred from their circumferenceswstubthat there is a higher recruitment rate
or possibly higher saplings survival away from therine zone. Differences in recruitment
rates may be due to endaphic factors or other @mviental factors such as intensity of
herbivory by smaller herbivores and trampling bgpélants. Browsing by the impalas
(Aepyceros melamplubas been shown to play a great role in reducing\alrrate of theA.
tortilis saplings elsewhere (Belsky, 1984). O’'Conmxral., (2007) noted that the weak
coppice growth ofA. tortilis in a South African rangeland usually dies withigear. Plants
occurring away from the river enjoyed a partiaugef from impalas and also from extensive
trampling by elephants. In addition to tramplintgpdants damage saplings in a bid to rid
themselves of ecto-parasites at the base of thenks (Buss, 1961). In the Seronera

woodlands wherd. tortilis dominated, its population structure changed draltyi under the
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impact of elephants when the mature class reduoad 48% to 3% in a span of seven years
(Pellew, 1983).

Time of the year is an important factor in deterimgn debarking intensity as
documented in past studies that much debarking taleee towards the end of the dry season
(Viljoen, 1989; Osborn, 2004). This is harmoniouthvebservations in this study as October,
February and March in which high debarking was oles®were the dry months. Elephants
moved out of the reserves soon after the raingy@abie foraging pressure on the riparian
zone and this contributed to the observed low defbagin November and December. Even at
the periods of intense debarking in October, Falyr@amd March, there were differences
between the plots and this is largely attributedolient species composition and elephant
densities in different parts of the reserves. Phate a high proportion ofAcacia elatiorin
the species assemblage had higher numbers of hWe@dhrked trees.

The different debarking intensities between plote a factor of the species
assemblage since different species are preferredusgdy. The locations of plots in the
reserve in relation to elephants’ distribution alsad to different debarking intensities
because elephants spend more time in some areamththers. The riverine zone is the core
elephant habitat in the reserves as revealed by BavElephants long term elephant tracking
data accumulated for ten years (Appendix 3). Pdotay from the river experienced lower
debarking intensities, as well as one riverine pldSNR. PlotH experienced low debarking
intensities. This is partly explained by its locatiaway from the core elephant concentration
areas and partly by its domination by the lesseprefl A tortilis. The plot lies on the ancient
lake bed and the soil sub-sample from the plot reagarkably low in iron, copper, zinc and
manganese. While a conclusion can not be reachéebiyndings from only one site on the
ancient lake bed, the finding validates a futurelgtto compare the vegetation on different
geological areas with respect to nutrient contemi @lephant densities. Low elephant
densities on the site coupled with low soil microi@nt is perhaps an indication that geology
has an effect on elephants’ distribution eitheth@stemplate on which elephants walk on or
by effects on forage dietary quality which warrarftgther study. Georgiadis and
McNaughton (1990) found marked differences in eleimeontents of savanna grasses
between samples from different soil types elsewhar&enya. Site differences in soil

mineralogical content influenced bark nutrient emtsignificantly in this study.
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The nitrogen content of a plant is only one of mh@ny plant characteristics that are
vitally important to herbivores (Mattson, 1980)ofin concentration of browse can be up to
twice that of grass during the growing season anthore constant over the annual cycle
(Dougallet al, 1964; Field, 1971). The results of this study @asistent with the literature
as crude protein did not vary significantly duritfte six month study period that spun
through both wet and dry seasons. Total nitrogehtha strongest positive correlation with
elephants debarking behavior. The bark offers & tii@t is less variable in quality as the
results of this study show. Food quality is affelchy the density of nutrients, amongst other
factors (Georgiadis and McNaughton, 1990). Largazigg mammals must exploit a
nutritional environment that is complex in compmsitand varies temporally and spatially
(McNaughton and Georgiadis 1986). The less vanatim bark quality make it an ideal
source of nutrition for the elephants, at leasthe dry season when grass senesces. The
nutritional value of grass declines steadily asdsaage over the growing season (Georgiadis
and McNaughton, 1990).

McCullagh (1969) found that the percent crude pno(€P) in the stomach contents
of elephants sampled during the dry season todsethan half that of the wet season value
and suggested that the diet may be deficient ieprdn the dry season. Malpas (1977)
recorded 4.9% CP in the stomach contents of elépltaming dry season and 14% in the wet
season showing high seasonal variations in diditqulcCullagh (1969) had estimated the
daily digestible protein requirement for a youn@wing elephant with a body weight of
1,000 kg to be approximately 0.3 kg and that waelguire a mean of 6% CP in the food
eaten. This was what the bark Atacia spp. trees sampled in this study contained, 5.8
2.64% protein. This places the barkAafacia elatiorandA. tortilis among the richest sources
of CP for elephants in the dry season. Dougall 4)19&d found bark samples Af elatiorto
comprise 6.69% CP which is quite consistent withrissults of this study.

Phosphorus is a constituent of the plant cell ugclend plays an important part in
cell division and development of meristematic tess(Wilde, 1958). Bark samples collected
in this study had twice the amount of phosphorusmébin A. elatior sampled elsewhere in
Kenya by Dougall (1964). The data on debarking xdersus phosphorus content in bark of
various species recorded by Owen-Smith (1988) showegative correlation, which is
contrary to the results of this study that foundsignificant positive correlation. From

Dougall's (1964) detailed analysis of Kenyan foraigens, the average phosphorus content

41



of leguminous browse was less than that of grasSiesy five, 68 and 67 per cent of the
records of grasses, leguminous browse and non legusy browse respectively are
distributed between 0.5% and 0.25% phosphorus whildhe non browse legumes, over
70% of the records are distributed between 0.15@&8B8% phosphorus in the dry matter.
This places the recorded mean of 0.06% in thisystundthe lower level of other forage items
dietary content. It shows that the barkAwfaciaspp. is not a rich source of phosphorus for
the elephants, just like the records above shovofieer leguminous browse. This begs the
guestion; are elephants limited in dietary phosps@upply in the study area, to an extent of
seeking the little they can find from nutrient peaurces like the bark @&caciaspp.? The
observation that bark is not a rich source of phoggs yet elephants seek for it from bark, as
this study shows, indicates that elephants in dusystem are most likely under nutritional
stress with respect to supply of phosphorus. Theesaight apply to other herbivores in the
ecosystem and this warrants further studies omtlritional ecology of the herbivores in the
ecosystem. There is a need for a study on nuttiemient of other forage items in the diet of
elephants in the reserves.

As the nutritive value of the food supply is a ftion of environmental variables,
such as soil fertility, texture and moisture, eomimental heterogeneity is an important
parameter of habitat quality. The soils in the gtadea are slightly alkaline with minimal
guantities of most of the nutrients implying thhe tplants are bound to have a lower than
normal range of concentrations of the differentieat elements. Sandy soils have low cation
exchange capacity, which explains the generallyimmahnutrient element content (Barden,
1987).

The river terrace has a flat-gently undulating slapd plots A, B, and G had an over
wash deposition after the November rains. The sartd plotA was broken by intermittent
rock outcrops, while B, F, | and K exhibited heagmpaction. Those plots that were under
flooding in November and early December had crgstihleast in some parts. The soil on the
riverine terrace is imperfectly drained and it remed wet late November to December after
the short rains in October and November of 2006.

The content of total N in the top layer of virgiorést soil varies from about 0.1 to
0.3% and a total N of 0.2 % is enough for most sgecies (Wilde, 1958). The soils sampled
had N content below the range of tropical soilorded in Landon (1984); from 0.01% to

0.14% which is rated very low to low by the authAccording to the author, Nitrogen is
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arguably higher in the soil after a dry spell innioof NG;. The fact that the measured
amounts were still low despite sampling after a dpell further indicates the soil's
deficiency in N. Phosphorus deficiency is seldomkistgly manifested in trees (Wilde,
1958). Phosphorus content varies from 10 to 220 ppforest soils (Wilde, 1958) and the
study area had as much as twice this value, 128Toppm. Phosphorus levels of over 15
ppm in tropical soils are rated as high. This shdheat the soils are rich in P but its
availability to plants is reduced by the high pHvallability of phosphorus to plants is
reduced at high soil pH and possibly at Ca: Mgmtf < 3: 1 (Barden, 1987). However the
Ca: Mg ratios in the sites were above this thrashatio thus not a possible source of P
inhibition. Ratios of Ca: Mg of 3.26 — 4.83: 1, abserved in the nine study sites, are
considered normal. The recorded high pH values.68 7o 8.40 is a potential cause of
nutritional stress to the plants in the area anithately to herbivores. Also, in presence of
Ca, phosphate tends to be converted to calciumpplads further reducing phosphorus’s
availability (Landon, 1984). Phosphorus levels téoddecrease in high pH soils sampled
when dry (Hesse, 1971). The amount of phosphorwsurned in this study may thus actually
be the lower side since the samples were taken tieesoil was dry.

Calcium in soil aids in absorption of water andrieumts by favoring adequate
permeability of the cell walls and aids in overcogithe toxicity of excessive amounts of Na,
K, Mg, and Mn in soil (Wilde 1958). The amount ofaglable Ca varies in forest soils from
200 to several thousand parts per million (Wild&&)9 The soils in the reserves with a mean
of over 4200 ppm of Ca are thus within the nornaalge. Magnesium is depleted quickly in
sandy soils (Barden, 1987). The content of avaldhy in forest soils is usually from one-
fifth to one-third that of calcium (Wilde 1958). ICaum levels above 60 ppm in tropical soils
are considered high (Landon, 1984).

The average concentration of copper on the eaghist is 55 ppm, and is very
strongly complexed by both soluble and insolublgaoic compounds leading to its
deficiency to plants (Whitehead, 2000). The thré&sHow levels’ of Cu in tropical soils is 6
ppm (Landon, 1984). Plot H had less than the tluldss.61 ppm. The author also points out
that sandy texture, high pH, and high phosphorusoihcontribute to copper deficiency in
plants. The soils sampled had these attributeshndmplains the deficiency in plants inferred
from the lack of Cu in the bark samples. Only teackthe element were prevalent in the bark

samples and this could be attributed to its congiler.
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Iron is essential in the formation of chlorophyticais widely distributed in nature.
The iron content of soils varies 10,000 to 100,ppth (Whitehead, 2000). The soils sampled
in the reserves had much lower amounts of Fe, ngnfjom 23.3 ppm to 919.2 ppm. High
temperatures, moisture extremes, high soil P anddmanic matter may contribute to Fe
deficiency in plants (Landon, 1984). These factonaracterize the study area showing a
potential for its deficiency to plants. The averagacentration of Mn on earth’s crust is 1000
ppm (Whitehead, 2000). The recorded values of Milénnine sites range from 490.13 ppm
to 1714.15 ppm, a mean of 1059.19 ppm. Manganesemoin the sites is thus within the
normal range. Its availability to plants can howebe reduced by the high pH and dry
weather in the semi arid study area. Low zinc aauniattributed to the calcareous nature of
soils, low organic matter as indicated by OC messand soil compaction (Landon, 1984).

Organic carbon (OC) measures in the nine samplegedafrom 0.75% to 2.01%.
These are very low measures according to the deragirag for tropical soils’ threshold of <
2% for very low OC. Likewise, the measures of taoiilogen were low, ranging from 0.01%
to 0.14%. The low OC and total N values indicai® ldegree of humification, which is
nevertheless expected in semi arid regions. Highmt decreases bacterial activity and
hence nitrification of organic matter (Landon, 1984

Electrical conductivity (EC) measures are usefuirascators of total quantities of
soluble salts in soils. The EC measures of betv@de2thS/m and 5dS/m characterize the soils
as salt free to slightly saline. Plots A, D and &l lthe highest EC values, 4dS/m, 5dS/m, and
5dS/m respectively. One thing in common with thee¢hplots is their location in relation to
drainage; plots A and D are situated on the confieeof Ewaso River and seasohajgas
while H is situated between Ewaso River and a peem@spring. The three plots thus
experience more evaporation which concentrates gigliding higher EC values. Soil salinity
has a negative impact on the woody species diyemdices diversity as the diversity
decreased with increasing salinity. This is showrhe negative correlation between species
diversity and EC values. Soil type through itsuefhce on species assemblage on debarking
ultimately explains differential debarking intems# in different parts of the reserves.
Different species have varied tolerance to saliitytortilis dominates plots D and H which
apparently have the highest EC of 5dS/m in eachowating for 87.31% and 88% of
individual woody plants respectively. This showsttkhe species have a high tolerance to
salinity contributing to their high abundanceshe study area. Plot A with the third highest
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EC value of 4dS/m exclusively suppors elatior. These results show that both species
tolerate high salinities more that other woody sx&ahis, contributing to their abundance in
the in the reserves and partially or totally exalgathe other less tolerant species. Consistent
with this is the observation that the highest sgediversity,H' = 5.17, of woody species
was recorded in plot B which is salt free with BHQ®dS/m.

The environmental conditions comprising of high pétidity and soil textural
composition impact negatively on nutrient availdpilto plants in the study area. Low
nutrient elemental composition of soils observedhis study is not uncommon since the
concentrations of most nutrient elements are kntawhe lower in sandy than in clay soils,
with loam and silt being intermediate (Whitehea@p@). Some clay minerals incorporate
small amounts of other metallic elements, such a8 Mnd Zf* through the isomorphous
replacement of Al (West, 1981). Apparently the clay portion was mial in most soils thus
reducing the above mentioned incorporation of othetallic elements.

Low OC indicates low rates of mineralization in teidy area. This is attributed
partly to high aridity of the area that reduces thenbers and activity of soil micro and
macro-organisms and partly due to less amounttef potentially available from the sparse
vegetation cover on most plots. Very low soil OGitemt and high pH decreases bacteria
activity. The plots | and K that had the highestOif amounts are situated in sheltered inner
bends of the river characterized by clayey soihsgeundergrowth and frequent visitation by
wildlife contributing to relatively higher amounts falling litter and dung. On the other
hand, plots A and B that had the lowest OC consgare characterized by sandy texture and
boulders. The sandy texture on plot B has resuftestanty vegetation cover hence low OC.
Despite plot A having a loamy texture, the hugel@exs in it leave relatively little space for
undergrowth vegetation. High dispersion in soilade to low organic matter content
(Landon, 1984). The low OC content contributesdoils poor nutrient content.

The barks consumed at the study area were notrni@ryin most nutrient elements
compared to other forage items documented elsewhdsphants’ efforts in search of
specific dietary elements from bark imply they wereer nutritional stress at least during
the dry season. Bark chemistry influenced debarlkirbavior of elephants in SNR and
BSNR as elephants sought for bark with high amowfterude protein, P, K and Zn.
Elephants had a preference for barkAofelatior over other woody species in the reserves.

This highly preferred species was significantlyhgc in nutrients tha. tortilis the second
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most abundant and preferred species. This reldtipnmossibly applies for other herbivores
in the ecosystem and this warrants further stusiiethe nutritional ecology of the herbivores
in the ecosystem.

The soils in the study area are generally nutrideficient. Soil mineralogical
composition determines the nutritional content loé tbark with the content of mineral
elements in both being positively correlated. High and aridity in the study area are bound
to reduce availability of some of these elementplants. The influence of geology on
elephant distribution through its direct effectmant nutritive value needs to be explored at a
wider geographical scope than was covered in thidys The study showed that soil mineral
content particularly the amount of bases influenspdcies diversity. Understanding the
ultimate consequences of elephant utilization onadyics of A. elatior awaits a plant
centered study focusing on survivorship of recraitd the progress of individual established
plants after they have been injured. These willobbmainderstanding of how disturbances

influence the tree community composition and stmectn the reserves.
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Appendix 1. Debarking intensities on each of the woody plastgased in fifteen plots in Samburu and BuffalarggrNational Reserves.



Appendix 2. The number of plants of each species recordeddh debarking class in the fifteen plots

Plot Species Non 1-25% 26-74% 75% 76 -99% Ring
damaged debarked debarked debarked debarked debarked
A Acacia elatior 26 9 3 6 3 15
B Acacia elatior 8 10 0 12 6 32
Acacia raffesian 2 0 0 0 0 2
Acacia senegal 0 0 0 0 2
Acacia tortilis 38 6 4 0 0 18
Combretum aculeatum 4 0 0 0 0 0
Lawsonia inamis 4 0 0 0 0 0
Maerua crassifolia 6 0 0 0 0 0
C Acacia elatior 25 6 1 3 0 13
Acacia tortilis 6 5 1 0 0 2
Cadaba farinossa 1 0 0 0 0 0
Cordia sinensis 9 2 0 2 0 1
Lepisanthes senegalensisl 0 0 0 0 0
D Acacia elatior 56 18 12 20 6 34
Acacia tortilis 8 0 4 0 0 4
Cordia sinensis 2 0 0 0 0 0
Maerua crassifolia 2 0 0 0 0 0
E Acacia elatior 14 3 5 3 4 13
Lawsonia inamis 1 0 0 0 0 0
Lepisanthes senegalensis4 0 0 0 0 1
Maerua crassifolia 1 0 0 0 0 0
F Acacia elatior 51 3 3 6 1 59
Acacia tortilis 2 0 0 0 1
Combretum aculeatum 9 0 0 0 0 0
Gardenia volkensii 3 0 0 0 0 0
Kigelia africana 1 0 1 0 0
Lepisanthes senegalensis 0 0 0 0 2
Maerua crassifolia 2 0 0 0 0 0
G Acacia elatior 20 4 1 1 2 19
Acacia tortilis 5 0 0 0 0 1
Combretum aculeatum 10 0 0 0 0 0
Cordia sinensis 6 0 0 0 0 0
Maerua crassifolia 1 0 0 0 0 0
H Acacia elatior 2 0 0 0 0 0
Acacia tortilis 94 11 6 0 0 6
Cordia sinensis 2 0 0 0 0 0
Lawsonia inamis 8 0 0 0 0 0
Maerua oblongifolia 5 0 0 0 0 0
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Appendix 2 continued

Plot Species Non 1-25% 26-74% 75% 76 -99% Ring
damaged debarked debarked debarked debarked debarked
| Acacia elatior 175 9 8 5 0 32
Combretum aculeatum 6 0 0 0 0 0
Cordia sinensis 1 0 0 0 0 0
Gardenia volkensii 2 0 0 0 0 0
Kigelia africana 1 1 0 0 0 0
Maerua crassifolia 3 0 0 0 0 0
K Acacia elatior 52 5 6 3 0 42
Acacia tortilis 1 0 0 0 1
Combretum aculeatum 33 0 0 0 0 0
Cordia sinensis 3 0 0 0 0 0
Lawsonia inamis 8 0 0 0 0 0
Maerua crassifolia 3 1 0 1 0 0
Prosopsis chillensis 7 5 0 0 0 1
L Acacia tortilis 49 1 1 0 0 0
Commiphora sp. 7 0 0 0 0 0
Maerua crassifolia 3 0 0 0
M Acacia tortilis 22 3 4 3 1 3
Maerua crassifolia 2 1 0 0 0 0
N Acacia tortilis 30 2 4 3 2 2
O Acacia tortilis 39 1 1 1 0 1
P Acacia tortilis 43 0 0 0 0 0
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Appendix 3.Kernel density distribution of cumulative elephéires from long tem GPS and GSM tracking data®e&kephants
that use the resgrve
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